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Abstract 

Rijkswaterstaat experiences problems with the implementation of innovations across projects. 

In this research, insights were created on why these problems exist. Recommendations were 

provided on how the upscaling of innovations can be approved. The research build its findings 

on theory of exploration and exploitation, feed-forward and feedback flows of knowledge and 

information and on general theory on innovation in the construction sector. To analyze the 

context at Rijkswaterstaat it was researched how feed-forward flows occur from the project to 

the organizational level by means of a literature study. Next, it was analyzed how feedback 

flows reach projects and how they are subsequently analyzed and implemented by means of a 

multiple case study. For each topic it was explained why things occur like this. The findings of 

these analyses were then used to create causal loop diagrams of the dynamics of innovation 

upscaling and innovation activities within projects. Conclusions are that the low quality of feed-

forward and feedback mechanisms, combined with the high complexity and uniqueness of 

projects, inhibit upscaling processes across the projects of Rijkswaterstaat. Projects mainly 

work on the opposite ends of the exploration-exploitation continuum. Exploration activities 

focus on new and unproven innovations for which much new knowledge needs to be created, 

exploitation focusses on conventional methods which can readily be applied. Innovation 

upscaling does therefore not occur. The main recommendations are the creation of an improved 

knowledge and information management system to facilitate feed-forward and feedback 

mechanisms and knowledge development. In addition, project teams need to improve their 

ability to balance between exploration and exploitation activities. Lastly, it was stressed that in 

knowledge development not just the final results of exploration activities should be managed, 

but also the specific context in which the activities were carried out to address the context 

dependency of feasibility.  

 

 

 

Key words: Innovation upscaling, innovation in construction, project-based organization, 
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Management summary 

1. Introduction 

This research focused on the upscaling of innovations in the exploration and plan development 

phases of large road infrastructure projects of Rijkswaterstaat, the Dutch executive organization 

of the Ministry of Infrastructure and Water Management. Innovation was defined as ‘The 

creation of new activity links, actor bonds, resource ties or new combinations as such among 

actors, as well the development and usage of nontrivial change and improvement in 

organization or processes within Rijkswaterstaat. Upscaling, then, was defined as: ‘Upscaling 

covers the replication of innovations across projects, their combination with other initiatives 

and the process through which they shape wider institutional change.’.  

2. A conceptual framework of upscaling in the construction industry 

An conceptual framework of innovation in construction was created, as shown in figure 1. In 

this model, two core constructs can be identified. First, exploration and exploitation activities. 

Exploration activities represent a wide search for, and creation of, new knowledge to enhance 

innovation and the development of new solutions. Exploitation activities involve the application 

of existing and familiar knowledge, and is often associated with continuous improvement and 

incremental innovations. These two types of activities were considered as opposing end of a 

continuum of activities. On this continuum, while a second implementation of an innovation 

might still require a significant development of new knowledge to occur (exploration), 

subsequent implementations are likely to become increasingly focused on optimization 

(exploitation). The second core construct included in the conceptual framework were feed-

forward and feedback mechanisms that represent flows of knowledge and information. Based 

on the resulting framework, it was concluded that: The replication, assimilation and 

transformation stages of upscaling occur through feed-forward and feedback mechanisms 

(knowledge and information flows) between (non-)project level exploration and exploitation, 

company level exploitation and industry level exploitation. 

3. Research focus and research questions 

The research then put focus on the feed-forward of knowledge and information from projects 

to the Rijkswaterstaat organization, and the feedback into projects, as displayed by the green 

box in figure 1. Correspondingly, it aimed to answer the following four sets of research 

questions:  

1. How does the feed-forward of knowledge and information from the project level 

into Rijkswaterstaat occur? 

1. Why does it occur this way?   

2. How does feedback of knowledge and information reach the exploration and plan 

development phases of projects? 

1. Why does it occur in this way? 
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Figure 1. An analytical model for the understanding of how new solutions need to be transferred between four 

different organizational levels for the achievement of upscaling, adapted from Bygballe & Ingemansson (2014) 

3. How is the feedback of knowledge and information used within the exploration and 

plan development phases of projects? 

a. Why is it used in this way? 

4.   Why does Rijkswaterstaat experience problems with the upscaling of innovations?  

b. How can the upscaling of innovations be improved?  

4. Methodology 

Research question 1 was answered by studying existing literature on the topics of knowledge 

and information, knowledge development in project-based organizations and knowledge 

development in the construction sector. The findings were then combined to explain the feed-

forward situation at Rijkswaterstaat. Research questions 2 and 3 were answered by means of a 

multiple case study design. Five project were included in the study: One project in the 

exploration phase, four projects in de plan development phase. The main sources of data were 

semi-structured interviews, 17 interviews were performed in total. A secondary source of data 

were project (delivery) documents. Interview data were analyzed by means of a causation 

coding analysis. Finally, research question 4 was answered by transferring the findings of 

questions 2 and 3 into a causal loop diagram to gain insights into the dynamics of upscaling and 

innovation in projects. 

4. Findings for research question 1 

It was identified that very few formal processes are in place that facilitate feed-forward 

mechanisms within Rijkswaterstaat. Most feed-forward occurs when people that are involved 
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in projects are also involved within organizational departments. Knowledge transfer than 

dominantly occurs through informal personal communication. The main reasons that were 

identified for this lack of formalized knowledge transfer was found to be the difficulty of 

transferring or codifying the highly tacit knowledge that is created within projects.   

5. findings for research question 2 

It was first identified that for projects to actively seek feedback for innovation a difference 

needs to exist between the desired performance and the performance that would be achieved by 

using conventional methods. Findings also showed that there exists no overview of ongoing 

developments or innovation activities, and that innovations that have recently been applied in 

the tender offers or realization phases of other projects are not logged or spread among other 

practices. In addition, no formally organized or centralized feedback processes could be 

identified. 

Project teams dominantly searched for information and knowledge in their personal networks. 

Team members were often involved in multiple projects or departments across Rijkswaterstaat 

which created networks with many different contacts. Diverse team compositions were 

therefore stated to be beneficial for feedback acquisition. Other ways to acquire ideas in the 

initial acquisition phase were mainly the outsourcing of acquisition activities to engineering 

firms or sessions with market actors or regional stakeholders. 

6. Findings for research question 3 

It was found that in analyzing feedback projects actively need to balance between exploitation 

and exploration activities. This was mainly caused by the focus of clients on completing project 

milestones in time and the limited availability of resources for exploration activities. Because 

the effectivity of innovations was generally context specific there was a need for a thorough 

understanding of the route context during the detailed analyses. In addition, there was a desire 

for quantitative results from analyses because this better facilitates discussions with clients and 

stakeholders and makes it easier to make well-argued decisions.  

In the plan development phase, the main factors that were analyzed in detail were the goals or 

ambitions related value, the associated risks and uncertainties, the costs and the spatial or 

planning requirements. The analysis of spatial requirements was important because the projects 

need to define their spatial dimensions in detail in the plan development project deliveries. 

Therefore, if the implementation of innovative ideas influences these dimensions this must be 

identified in time. In the exploration phase the analyses process was mostly similar and 

influenced by the same factors. Here, however, there was a lower level of detail required in the 

results of the analyses. 

In implementing feedback , one of the main factors for projects in both the exploration and plan 

development phases was the reservation of additional physical space for innovation in the 

phase’s project delivery. This can, however, be difficult because of the legal grounds are needed 
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to expropriate private lands or because acoustic values can change. In the plan development 

phase, insights into a project’s innovation potential was also dominantly used in the preparation 

of tender contracts. The overview of innovation potential enabled projects to improve their 

functional requirements and to potentially prescribe a desired solution. 

7. Findings for research question 4 

The low quality of feed-forward and feedback mechanisms, combined with the high complexity 

and uniqueness of projects, greatly harms upscaling processes across the projects of 

Rijkswaterstaat. The findings indicate that projects teams are, quite simply, often not aware of 

innovations that have been researched or developed recently. Therefore, instead of continuity 

in knowledge development, projects generally have to start from zero in their search for 

unconventional and innovative ideas to meet their goals. In this search, the focus is often on 

innovations whose feasibility has not been tested or proven in other projects. This introduces 

both higher levels of risk and uncertainty and a need for more resources to be put into 

exploration activities.  

When related to the dimensions of upscaling, it can be concluded that projects work mainly on 

the development of innovations and innovative ideas, but the replication, assimilation and 

transformation stages do seldom occur. 

It can be concluded that projects work dominantly on the opposite ends of the exploration-

exploitation continuum; exploration activities focus on new and unproven innovations for 

which much new knowledge needs to be created, exploitation focusses on conventional 

methods which can often readily be applied. The area around the middle of the continuum, in 

which already implemented innovations still need new knowledge to be created to determine 

or increase their feasibility in a different context, seems important but untouched within 

Rijkswaterstaat’s projects.   

These conclusions are mainly relevant for innovations with certain characteristics. Firstly, 

innovations that require extensive communication with clients or with stakeholders in the region 

to enable their implementation. Secondly, innovations that require more or a different physical 

space than regular practices.  

8. Recommendations 

Based on the findings throughout this research, several recommendations were made. Firstly, 

there is a strong need for an improved knowledge and information management system to 

facilitate knowledge development. Rijkswaterstaat should put more efforts into creating 

institutionalized knowledge sharing mechanisms for feed-forward and feedback within the 

organization. The improved availability and quality of feedback of knowledge and information 

would cause projects to require less resources for their exploration activities. Both the resources 

required for the acquisition of feedback and for the (exploration) activities to process it would 

decrease. 
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To accommodate these processes, project teams also need to become better at finding a balance 

between exploration and exploitation activities. Currently, the focus is often on opposite sides 

of the exploration-exploitation continuum. For upscaling to occur, activities along the 

continuum would be required. 
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1. Introduction of practical context 

There is a need for innovation within Rijkswaterstaat (Rijkswaterstaat), the executive 

organisation of the Dutch Ministry of Infrastructure and Water Management (MIWM). 

Rijkswaterstaat’s responsibilities are the development, construction, renovation and 

maintenance of new and existing national road and water infrastructure in The Netherlands. The 

organization thus has an important role and responsibility in achieving the ministry’s 

sustainability goals. The MIWM has converted the European sustainable development goals 

(United Nations, 2015) into ambitious policies related to sustainable mobility, energy 

neutrality, circularity and climate resistance (MIWN, 2018). In addition, transition goals have 

been formulated that are specific for the infrastructure and water management sector: The 

MIWM wants to achieve environmental and energy neutrality by 2030, and wants the 

construction sector to use 50% less primary resources by 2030 and to produce fully circular by 

2050 (MIWM, 2018). Apart from sustainability, broader transitions in the fields of sustainable 

living environments, smart mobility, ICT and data acquisition and usage further increase the 

need for Rijkswaterstaat incorporate innovations into their projects.  

Currently, one of the main topics of interest is the upscaling of innovation across projects. In 

both the recent Innovation Agenda 2020-2030 (Rijkswaterstaat, 2019a) and future challenges 

report (Rijkswaterstaat, 2019b) it is concluded that the repeated incorporation of innovations is 

problematic within projects that are procured by Rijkswaterstaat. The general consensus is that 

innovations are seldom implemented across projects after they have been developed. This 

perception is shared by market actors in the construction sector (EIB, 2017). Increased 

upscaling would be beneficial to both Rijkswaterstaat and the market. For Rijkswaterstaat, it 

contributes to achieving its challenging goals by further improving and incorporating 

innovations in its projects. For market actors, improved upscaling will increase the return on 

investments of their innovation activities and enable competitive advantages from successful 

developments. Although these two-sided benefits indicate that upscaling improvement efforts 

would receive support, it has proven difficult to make progress.  

This research will focus specifically on the upscaling of innovation across large road 

infrastructure construction projects with budgets over 50 million euros. Within such projects, 

Rijkswaterstaat’s main practices are the creation of a design that enables their realization both 

legally and financially, their planning and management, and the procurement of their 

construction to contractors. In recent years, the role of Rijkswaterstaat has increasingly shifted 

towards a focus on network management and the management of market involvement, opposed 

to a historical focus on determining solutions in detail (Vrijhoef et al., 2013). In the Netherlands, 

Rijkswaterstaat procures 65% of all ground, water and roads (GWR) projects with budgets over 

10 million euros and it is the only client of projects with budgets over 250 million euros 

(Rijkswaterstaat, 2019b). This dominance causes the Dutch GWR sector to be heavily 

influenced by Rijkswaterstaat’s demand (Noorderhaven et al., 2006). Given the importance of 

infrastructure development for a countries economy and prosperity, it can be concluded that it 
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is of great importance that Rijkswaterstaat manages to overcome the innovation challenges that 

it currently faces. Therefore, the main objective of this research is to provide increased 

understanding of why the upscaling of innovations is often problematic across the projects of 

Rijkswaterstaat. From these insights, recommendations will be formulated that serve to improve 

future innovation upscaling.  

In the next section, the theoretical research context will be discussed. Hereafter, a definition of 

innovation upscaling is provided. Then, a conceptual model of innovation upscaling is created 

in the context of the construction industry. Hereafter, the research scope and research questions 

are discussed, followed by the an outline of the methodology. The next two chapters focus on 

the answering of the research questions, firstly by means of a literature overview and secondly 

through a case study research. The final chapter focusses on explaining why innovation 

upscaling is problematic in the projects of Rijkswaterstaat, and what could be done to improve 

it.  
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2. research context 

In line with Leendertse et al., (2016), the infrastructure sector is in this research defined as the 

overall system of public infrastructure network administrators, clients and their markets. 

Infrastructure, here, denotes the physical network of main roads, railways and waterways. As 

stated in the introduction, this research focuses on road infrastructure. In the following sections, 

important considerations for innovation within the sector are discussed.  

2.1 Innovation in the construction and infrastructure sectors 

Large infrastructure projects serve strong societal goals, resulting in many people that 

experience the effects of the projects and many stakeholders that are involved throughout their 

project life cycles. Additionally, because the projects are publicly financed, transparency and 

accountability are required for expenditures. Project delays postpone public benefits and can 

cause large cost overrun (Flyvbjerg, 2014). As a consequence, planning and risk control usually 

the key considerations in the management of large infrastructure projects (Gustavsson & Hallin, 

2014; Crawford and Pollack, 2004). Nonetheless, research has shown that many projects still 

experience large cost overruns and time delays (Cantarelli et al., 2012; Flyvbjerg et al., 2003). 

Together, these factors often inhibit innovation in projects.  

In addition, the construction sector is characterized by a number of specific features that affect 

the development and implementation of innovations. Project are generally realized within a 

strongly regulated environment, which can both stimulate or hinder innovations (Blayse & 

Manley, 2004). Most organizations in the sector are heavily focused on projects and the 

resulting lack of long-term relationships between actors can inhibit innovation (Dubois & 

Gadde, 2000, 2002). At the same time, projects are often considered as the main source of 

innovation, as their unique nature always requires problem solving and the creation of new 

knowledge (Bygballe & Ingemansson, 2014). It can be thus concluded that large infrastructure 

projects have much potential for the development (and upscaling) of innovation, but also face 

many conditions that make it challenging to do so.  

Lastly, it is important to note that the construction industry is generally considered as being 

conservative and non-innovative with low investments in R&D  (Miozzo & Dewick, 2004; 

Seaden & Manseau, 2001). However, several researches have argued that is largely due to the 

fact that traditional perspectives on innovation do not work well in the industry (Håkansson and 

Ingemansson, 2012; Winch, 2003). Therefore, before continuing, it seems important to clearly 

define the what will be meant with innovation in this research,  

2.2 Defining innovation in the context of construction and infrastructure  

The most broadly accepted definition of innovation within the construction industry is provided 

by Slaughter (1998), who defines innovation as “the actual use of a nontrivial change and 

improvement in a process, product, or system that is novel to the institution developing the 

change.”. She further characterizes innovations based on whether they are incremental (small, 
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and based on prior experience and knowledge), radical (breakthroughs), modular (a change in 

a component only), architectural (a change in links to other components or systems) or ‘system’ 

(multiple, integrated innovations). 

In other areas a distinction is often made between product, process, organizational and 

marketing innovations (OECD, 2005). Rose and Manley (2012, 2014), for example, used this 

categorization in their study on barriers to innovation adoption in construction and focused 

specifically on product innovation, defined as “the introduction of a good or service that is new 

or significantly improved with respect to its characteristics or intended use. Such a distinction, 

however, has been argued to lead to problems in construction because different categories are  

often strongly interrelated (Bygballe & Ingemansson, 2014). For example, the introduction of 

a product innovation often requires processes to be adjusted to facilitate its implementation in 

construction practices. Such changes, in turn, can requires organizational changes or 

adjustments in actor ties as resources need to be organized differently. Consequently, product, 

process and organizational innovations are often hard to clearly distinguish through this view.  

Håkansson and Ingemansson (2013) and Bygballe and Ingemansson (2014) define innovation 

in construction from the perspective of an industrial network approach. They argue for this type 

of definition because construction companies generally use many subcontractors and suppliers 

in their practices (on the input side) and mainly work for clients (on the output side). Therefore, 

the companies operate in a business-to-business situation both on the input and output sides 

which justifies the usage of an industrial network approach to innovation. The approach focuses 

on an actors, resource and activities model (ARA-model), and innovation is viewed as changes 

in actors bonds, resource ties, activity links, or as new combinations as such (Håkansson & 

Johanson, 1992; Håkansson & Ingemansson, 2013). While Rijkswaterstaat has a different role 

than construction companies, it can be argued that the industrial network approach can also be 

applied to innovation at Rijkswaterstaat. As an executive organization, Rijkswaterstaat operates 

with a variety of contractors on the input side and by order of the MIWM on the output side. 

Therefore, applying an industrial network perspective also seems justified for innovation at 

Rijkswaterstaat.  

In the context of Rijkswaterstaat, it is also important to consider that the organization’s main 

practices are the early design, the planning and management and the procurement of projects. 

In this role, the organization works with a variety of clients, stakeholders and contractors. 

Rijkswaterstaat does not develop or implement product innovations themselves (in line with 

the distinction made in OECD, 2005), this is done by contractors or actors in their supply chains. 

Instead, innovations activities cover for example new ways of collaboration, changes in 

procurement methods, different types of contributions to innovation development programs, or 

innovative approaches to (early) project design, planning and management. Many of these 

changes relate to the bonds, ties and links with other actors.  Therefore, the view on innovation 

from an industrial network perspective seems well suited to describe Rijkswaterstaat’s 

innovations. One addition that is required, however, is the explicit inclusion of internal 
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organizational innovations. While the AMA-model solely covers innovations that relate to an 

organization’s network, changes within Rijkswaterstaat must also be considered in this 

research. These can, for example, cover changes in internal knowledge management systems, 

new ways of analyzing the value of innovations or improved ways of managing projects, which 

all are likely to be important in the context of upscaling. Here, a distinction between 

organizational and process innovations is relevant. In addition, the characterization of 

innovation as presented by Slaughter (1998), also seems relevant in the context of innovations 

upscaling. The degree of novelty and change (incremental vs. radical) and the way in which 

other system components are influenced (component, modular or system) are likely to affect 

how an innovation can be implemented across projects.  

Therefore, innovation will in this research be defined as: The creation of new activity links, 

actor bonds, resource ties or new combinations as such among actors, as well the development 

and usage of nontrivial change and improvement in the organization or processes of 

Rijkswaterstaat. Innovations can be characterized based on their degree of novelty (radical vs. 

incremental) and the way in which they influence other system components (component, 

modular or system). Now that innovation has been clearly defined, the next section will discuss 

the development and usage of implementation within the construction sector.  

2.3 Exploration and exploitation in construction 

Within construction projects, prior research indicates that it is difficult to combine activities 

focused on exploration or exploitation (Rose & Manley, 2012; Eriksson, 2013; Eriksson, 2017). 

Exploration, here, refers to a wide search for, and creation of, new knowledge to enhance 

innovation and the development of new solutions (March, 1991; Andriopoulos & Lewis, 2009). 

In contrast, exploitation involves the application of existing and familiar knowledge, and is 

often associated with continuous improvement and incremental innovations (March 1991; 

Andriopoulos & Lewis, 2009). While the two constructs are clearly distinct, in practice 

exploration and exploitation can be viewed as opposing ends of a continuum rather than as one 

or the other (Lavie et al., 2010). In the context of innovation upscaling, this perspective is 

important because it provides insights into the upscaling process after an innovation is first 

developed; while a second implementation might still require a significant development of new 

knowledge to occur (exploration), subsequent implementations are likely to become 

increasingly focused on optimization (exploitation). Therefore, upscaling can be considered as 

a process in which an innovation moves across the continuum from exploration towards 

exploitation. The ability to combine both exploration and exploitation activities is generally 

referred to as ambidexterity (Birkinshaw & Gibson, 2004). Based on the prior discussion, it can 

be concluded that although ambidexterity is difficult to achieve in construction projects, it is 

important to manage well in the context of innovation upscaling. Consequently, it seems 

important to create an understanding of how ambidexterity occurs in the projects of 

Rijkswaterstaat. 
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2.4 Knowledge transfer in construction 

Knowledge exchange is a prerequisite for an innovation to move from one project to another 

and, therefore, for upscaling to occur. Research has, indeed, long argued that the importance 

for construction firms to the transfer results from problem-solving on projects to the 

organizational level (Winch, 1998). However, capturing the knowledge from projects, 

transferring it back to the organization and using it in other projects is challenging in the 

construction context (Brady & Davies, 2004). One of the main reasons for this is that 

construction projects are temporary and include disjointed and fragmented production systems, 

which results in knowledge development and transfer discontinuities between and within 

organizations (Dubois & Gadde, 2002; Miozzo & Dewick, 2004). These discontinuities can 

impair the upscaling of innovations because if new knowledge does not spread across projects, 

exploitation cannot occur. Therefore, it must be considered how knowledge development 

occurs within Rijkswaterstaat in the analysis of upscaling dynamics.   

2.5 Positioning Rijkswaterstaat as influential for upscaling 

To understand the effects of these on innovation upscaling, the influence that  Rijkswaterstaat 

can have on the upscaling of innovation must be well understood. In section 2.2 it was already 

mentioned that Rijkswaterstaat does not develop or implement product (or technological) 

innovations themselves. This indicates that the upscaling of such innovations can only be 

influenced by creating conditions that allow or stimulate contractors and their supply chain 

networks to develop and scale up innovations across projects.  

Rijkswaterstaat manages its projects through a strong national framework known as the MIRT-

process, which will be more extensively explained later in this research. For now, it is important 

to note that in this process, before the initiation of a tender procedure, Rijkswaterstaat 

determines how the key objectives of projects will be achieved and creates an initial design that 

defines the spatial dimensions of a project with a precision of two to one meters. In addition, 

before the completion of this design, Rijkswaterstaat makes arrangements with (regional) 

stakeholders that must be maintained into the realization of the project. Therefore, the 

possibility for a contractor to incorporate a given innovation during tender procedures is 

strongly dependent on the decisions made in these stages.  

Rose and Manley (2014) identified the main barriers to the adoption of product innovations in 

infrastructure projects in Australia. Some of the key barriers that they found were ‘restrictive 

tender assessment criteria’, ‘lacking risk allocation’, ‘time pressure’ experienced by both client 

and contractor organizations, ‘insufficient contractor involvement in early design phases’ and 

‘Restrictive specifications of clients’.  

In line with this research, a recent study by the Dutch Economic Institute of Construction (EIB) 

identified that some of the main barriers for innovation in Dutch construction projects were 

that: (1) tenders contain insufficient encouragement for construction companies to differentiate 

themselves with their innovative abilities, (2) there is often a focus on widely proven concepts, 
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(3) Rijkswaterstaat often sets the boundaries within which innovation can occur, and therefore 

they determine the space in which innovative solutions can be searched for. While neither of 

the authors provide further insights into the origins or causes of these problems, it can be 

identified that all these factors relate to the pre-tender phases of projects. At the very least, 

improvements in these phases could reduce the prominence of the factors. 

Additionally, Noktehdan et al., (2019), in their study on innovation across different project 

lifecycle phases in a large infrastructure project in New Zealand, concluded that the pre-tender 

phases of projects have a strong influence on innovation in the realized design. The authors 

found that in the early phases of a project, when the degree of project specification remains low 

and the costs of making changes are less significant, a variety of influential innovations could 

be considered that are no longer possible in later stages.   

It can be concluded that the decisions of Rijkswaterstaat in the exploratory and plan 

development phases of projects strongly influence the contractor’s opportunities for innovation 

and innovation upscaling in projects. In addition, as contractors carry out the detailed design 

when creating a tender offer, Rijkswaterstaat has little opportunity to introduce or scale up (non-

product) innovations after the initiation of a tender process. Therefore, it can also be concluded 

that Rijkswaterstaat’s own innovations are more prominent in the pre-tender phases of projects. 

Despite these findings that much of the innovation potential of projects has its origin in 

decisions made in early project phases, the process of early project management has not been 

well-described in literature (Edkins et al., 2013). Based on these arguments, this research will 

focus on innovation upscaling in the context of the pre-tender phases of Rijkswaterstaat.  

2.6 The role of Rijkswaterstaat and its relevance for research 

As stated before, Rijkswaterstaat is highly influential in the Dutch GWR sector because it is by 

far the largest client of large (infrastructure) projects. This causes contractors to adjust their 

strategies and practices based on Rijkswaterstaat’s demand. Demand-side instruments in 

innovation policy have seen increased interest from both researchers and practitioners in the 

last two decades (Obwegeser & Müller, 2018). At the European level this was strongly 

influenced by the Aho Group Report “Creating an Innovative Europe” in 2006, which argued 

that the traditional focus on R&D in innovation policy was insufficient for achieving the desired 

levels of innovations (Aho et al., 2006; Edler & Georghiou, 2007). In addition, the report 

recommended, the creation of an innovation-seeking demand and market was required. This 

message was widely endorsed at the European Council and caused demand-side innovation 

policy, defined as ‘all public measures to induce innovations and/or speed up diffusion of 

innovations through increasing the demand for innovations, defining new functional 

requirement for products and services or better articulating demand’ to become more 

prominent (Edler & Georghiou, 2007).  

Recently, the buying power of public authorities has also been identified as potentially one of 

the most important mission-oriented policy instruments in relation to the sustainable 
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development goals (Edquist & Zabala-Iturriagagoitia, 2020). Mission-oriented policies have 

become prominent across Europe over the last decade and are associated with the creation of 

clear objectives by governments to drive innovation towards solving the grand challenges of 

the present, such as climate change (Mazzucato, 2014; Mazzucato, 2018). The MIWM, with its 

ambitious goals related to sustainable mobility, energy neutrality, circularity and climate 

resistance, can be considered as an example of a government organization that applies mission-

oriented policies.  

One demand-side policy instrument that is specifically relevant for Rijkswaterstaat in this 

context is public procurement. However, despite the increased interest in public procurement 

as an important demand-side innovation policy instrument, its implementation and the 

mechanisms for its effective rolling out are not well developed (Uyarra et al., 2020). Obwegeser 

& Müller (2018) identify that one of the reasons for this is that studies on public procurement 

and innovation are dominantly performed by scholars with backgrounds in innovation research. 

Therefore, much research focusses on a broader innovation perspective without much attention 

to practical procurement aspects. This is in line with earlier findings of Rolfstam (2012), who 

identified that research on public procurement is not well linked to the needs of practitioners.  

Combined, it can be concluded that the topic of public procurement and innovation is highly 

relevant but lacks practical research. Therefore, the general focus of this research on the pre-

tender (pre-procurement) phases of large infrastructure projects positions it in a relevant field 

of research.  
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3. The upscaling of innovation 

Now that the research context has been well-defined, a more detailed overview of the concept 

of upscaling is provided in this chapter. First, four non-academic Dutch researches will be 

discussed, followed by an overview of literature on the topic of upscaling. Hereafter, the 

findings sources are combined to create a definition of upscaling that is based on both its 

practical meaning and prior research.  

As discussed in the introduction it is important for Rijkswaterstaat to upscale innovations that 

positively contribute to achieving their ambitious goals. Currently, however, upscaling occurs 

insufficiently. A number of non-academic Dutch researches have, directly or indirectly, 

considered this problem. In this research the following researches are considered: The 

Rijkswaterstaat Innovation Agenda (Rijkswaterstaat, 2019a), the Rijkswaterstaat future 

challenges report (Rijkswaterstaat, 2019b), the Dutch Advisory board for Science, Technology 

and Innovation (ASTI) report on the spreading of innovation (ASTI, 2018) and the EIC report 

on innovation in the construction sector (EIB, 2017).  

3.1 The definition of upscaling within Rijkswaterstaat 

Given the broad range of available definitions for innovations, the definitions used in the reports 

are required to understand their perspective on upscaling. Both the Innovation Agenda and the 

EIB report define innovation as “The development and implementation of new products, 

technologies, processes and services”. The ASTI report, based on OECD (2005) defines 

innovation as: “The implementation of a new or significantly renewed product or service, 

process, marketing method or organizational model”. The future challenges report provides no 

definition of innovation.  

Out of the four reports, the ASTI report is the only one to explicitly define the upscaling of 

innovation. Therefore, the definitions that are used in the other three reports are derived based 

on statements that directly relate to upscaling. The ASTI report defines upscaling as “the 

broader implementation and incorporation of an innovation within an organization or sector”.  

The Innovation Agenda starts its discussion with the observation that many innovations are 

only applied in a single project. After successful pilots, application across projects seldom 

occurs; upscaling is difficult. This indicates that the Innovation Agenda considers the upscaling 

of innovation to be the step from single project to cross project application. The report considers 

this step to occur when innovations reach technology readiness levels 8 or 9. Here, it seems 

implicitly assumed that most innovations can be given a TRL and are thus physical. It is also 

important to note that upscaling is considered to be a part of a broader standardization process, 

which also consists of validation and implementation steps. Standardization refers to the 

process of looking at the changes that are required to facilitate application in general work 

processes. These steps can for example be the validation of an innovation, the adjustment of 

internal frameworks and guidelines or changing procurement terms and conditions.   
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In line with the Innovation Agenda, the future challenges report refers to upscaling as ‘repeated 

application’. Apart from this, upscaling is not explicitly defined in the report. The EIC 

‘Innovation in construction’ report states that upscaling is associated with the ‘large-scale 

deployment of innovations’. In this report upscaling is thus mainly associated with volume and 

repeatability on a level that is larger than those considered by the other two reports.  

Now that it is clear how the upscaling of innovation is defined in the different internal or 

external researches that are relevant for Rijkswaterstaat, the next section will discuss how 

upscaling is most commonly defined in academic research.  

3.2 The definition of upscaling in transition research 

In literature, innovation upscaling has dominantly been defined in the contexts of Strategic 

Niche Management (SNM) and Transition Management. The central idea in these theories is 

that in transition contexts such as that of Rijkswaterstaat a niche experiment or innovation must 

move from the niche level into the sociotechnical regime to see broader application. In SNM, 

upscaling refers to “increasing the scale, scope and intensity of niches by building a 

constituency behind a new sustainable technology, setting in motion interactive learning 

processes and institutional adaptation, which helps to create the necessary conditions for the 

successful diffusion and development of those technologies” (Kemp, Schot & Hoogma, 1998). 

In Transition Management, upscaling is defined as “the process by which sustainable practices 

that are initially deviant or unusual, become the dominant or mainstream in terms of thinking 

(culture), doing (practices) and organizing (structure)” (van den Bosch, 2010).  

Naber et al., (2017), based on the observation that a transformation towards smart grids has not 

yet happened despite promising techno-economic performance, developed and tested an 

analytical typology of upscaling based on socio-technical transition theory. In their research, 

they identify four upscaling stages: 

1. Growth, in which an experiment grows in size or activity. This can be identified by an 

increase in the amount of actors that participate or growth in the scale at which an 

experiment is carried out. 

2. Replication, in which the main concept of an experiment is used in other locations or 

contexts. Knowledge is transferred from an initial experiment to other similar 

experiments.  

3. Accumulation, in which an experiment is linked to other initiatives. In this process, the 

niche experiment moves from a position of isolation into one of combination.  

4. Transformation, in which an experiment shapes wider institutional change in the regime 

selection environment.  

The typology of Naber et al. (2017) provides valuable insights into the stages through which an 

innovation can move from single project to cross-project implementation and from a deviant 

practice into a dominant practice in transition contexts. When compared to the analysis in 

section 2.1, it becomes clear that upscaling within Rijkswaterstaat is mainly associated with the 
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replication, accumulation and transformation stages of upscaling. All analyses share a focus on 

the implementation across projects, as indicated by the central terms ‘broader implementation’, 

‘repeated application’, or ‘large-scale deployment’. The growth phase, on the other hand, is 

more commonly associated with the development process of innovations. While this stage is 

without a doubt also important for Rijkswaterstaat, and has consequently received significant 

attention in the last couple of years, it is not viewed as a part of upscaling. It should also be 

noted that the definitions provided by Kemp, Schot & Hoogma, (1998) and van den Bosch 

(2010) stress the importance of learning processes and the ‘becoming mainstream’ for 

innovation upscaling. This is in line with section 2.4, in which the importance of knowledge 

transfer for upscaling was discussed.  

By combining the definitions of upscaling within Rijkswaterstaat and in literature, the following 

definition of upscaling will be used in this research:  

‘Upscaling covers the replication of innovations across projects, their combination with other 

initiatives and the process through which they shape wider institutional change. 

Importantly, this does not mean that the importance of the growth stage as an essential 

antecedent of upscaling is not acknowledged. Instead, in this research it is chosen to focus on 

the later stages of upscaling while keeping in mind that there is likely much room for 

improvement in the growth stages of innovations as well. Furthermore, during the research it 

will be considered that the causes of problems in the later stages of upscaling could origin in 

the prior growth stage.  

Another note is that the replication stage is based on a transfer of the main concept of an 

innovation, not on copying it. This indicates that an innovation can be considered to be upscaled 

even if it sees (significant) changes from its original form in the process.  

In the next section, the innovation system in the construction industry is discussed, to create a 

better understanding of how upscaling proceeds in the projects of Rijkswaterstaat.  
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4. Upscaling in the construction industry 

Bygballe & Ingemansson (2014) illustrate the problem of single-project innovation in 

construction as a problem of creating ‘feedback’ between industry, company and project levels 

and ‘feed-forward’ from project to company and industry levels. They base this illustration on 

a combination of an industrial network perspective, the distinction between explorative vs. 

exploitative learning (March, 1991) and earlier studies on innovation in construction. The  

importance of these perspectives in the context of innovation upscaling was already discussed 

in chapter 2. The model that Bygballe & Ingemansson (2014) propose is shown in figure 1. 

While the researchers do not explicitly refer to the problem of single-project innovation as one 

of upscaling, there are many similarities between the phenomenon and their theory. Bygballe 

& Ingemansson (2014) view innovation in construction as a dynamic process. Innovation that 

occurs within projects is considered explorative; in this process, new activity links and resource 

ties are created across actors. These explorations then need to be exploited at a company level 

so that innovations can be fed back to other projects as well. As this proceeds, the innovation 

also becomes of interest at the industry level which causes it to see consideration across more 

companies and more projects. These dynamics are enabled by feed-forward and feedback 

mechanisms between the different levels. Feed-forward and feedback mechanisms are, in this 

research, defined as being ‘flows of knowledge and information’. Innovation in construction 

thus be viewed as “the process in which new combinations of activities, resources and actors 

are created (exploration) and further integrated and utilized (exploited)” (Bygballe & 

Ingemansson, 2014, p. 513). The process of further integration and utilization shows many 

similarities to that of upscaling; it is the process from single-project implementation (growth), 

to implementation across multiple projects (replication), to integration of the innovation at the 

company and industry levels (accumulation and transformation).  

 

Figure 1. An analytical model for understanding of how new solutions need to be transferred between three 

different levels for the achievement of upscaling, derived from Bygballe & Ingemansson (2014) 
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4.1 Adjusting the model to Rijkswaterstaat’s context 

To improve the model’s applicability in this research, a few adjustments need to be made. 

Importantly, the model as presented in figure 1 does not indicate the occurrence of exploitation 

within projects. However, as discussed in section 2.3, for upscaling to occur exploitation us 

needed within projects to enable the usage of (innovative) knowledge that has been created in 

other places. When considering the typology of upscaling it can, similarly, be noted that 

exploitation at the project level is essential for the stages of replication and assimilation to 

occur.  

Secondly, the model does not account for exploration activities outside of the project level. The 

Innovation Agenda (Rijkswaterstaat, 2019a) indicates that an increasing number of initiatives, 

such as the Construction Campus in the Netherlands, aim to develop innovations outside of 

project specific contexts (Rijkswaterstaat, 2019a). Here, a variety of actors such as government 

agencies, knowledge institutes and market parties, are brought together to develop innovations 

outside of the project-focused environment. In its current form, the model in figure 1 does not 

account for such exploration activities because they cannot be placed in any of the three 

identified levels. Similarly, innovations that are developed by suppliers or other supply chain 

members cannot be included if they are not created within a project. In the remainder of this 

research, I refer to initiatives in which exploration activities are performed outside of the project 

environment as non-project exploration. I would argue that the exclusion of non-project 

exploration limits the theory’s applicability because knowledge and innovation in construction 

increasingly arises from these initiatives. Similar to creations within projects, the outcomes of 

the non-project exploration activities need to see growth, replication, accumulation and 

transformation to create their desired impact.  

Thirdly, existing research indicates that feed-forward and feedback mechanisms also exist 

between projects (Ren et al., 2019; Gerling, 2015) Therefore, in addition to feed-forward from 

projects to  the company and industry levels and subsequent feedback, knowledge and 

information transfer often occurs directly from one project to another. This flow needs to be 

taken into account.  

Based on these four issues, I propose an extension of the theory of Bygballe & Ingemansson 

(2014), which is displayed in figure 2. It is important to note that feedback mechanisms from 

the project, company and industry levels into the non-project exploration level are not included 

in this extension. While in practice developments at these levels influence the non-project 

exploration activities, the inclusion of these mechanisms would increase the complexity of the 

theory and, consequently, reduce its usability. In addition, these feedback mechanisms mainly 

influence the growth stage of upscaling. This stage, as discussed before, is less relevant in the 

upscaling problems that Rijkswaterstaat faces. Therefore, I exclude these mechanisms from the 

model.  

 



22 
 

 

Figure 2. An analytical model for the understanding of how new solutions need to be transferred between four 

different levels for the achievement of upscaling, adapted from Bygballe & Ingemansson (2014) 

 

It can be noted that for innovations that arise within projects in construction, the stages of 

replication, accumulation and transformation as identified by Naber et al. (2017) must occur 

through the dynamics as displayed in figure 2. For replication to take place, feed-forward from 

project level to company level and consequent feedback from company level to other projects 

must happen. Accumulation, in turn, can only be enabled if knowledge and information flows 

between levels exist. The feed-forward mechanisms enable the lessons learned in exploration 

activities in different locations to be compared and aggregated, This, in turn, allows for 

combination. Lastly, transformation can also only occur when feed-forward mechanisms are in 

place. In this way, results from projects and developments within companies can influence 

wider institutional changes within companies and at the industry level.  

To finalize, it can be concluded that:  

The replication, assimilation and transformation stages of upscaling occur through feed-

forward and feedback mechanisms (knowledge and information flows) between (non-)project 

level exploration and exploitation, company level exploitation and industry level exploitation. 

 

 

 



23 
 

4.2 An overview of the project level at Rijkswaterstaat 

As this research focusses a lot on the project level of Rijkswaterstaat, it is important to 

understand the process through with large infrastructure projects are managed. The Netherlands 

has in its infrastructure management a strong planning tradition supported by robust legal 

frameworks, in which planning is strongly regulated by the government (Hajer & Zonneveld, 

2000). Currently, large infrastructure projects are managed through a national framework called 

the MIRT-process. The MIRT-process is a 5-stage (Initiation, exploration, plan development, 

realization, exploitation) process that functions as a funnel. In-between each stage go/no 

decisions are made based on the review of a predetermined project delivery. As choices 

regarding design, construction, operation and maintenance are made throughout the process, 

the project’s level of detail increases. Therefore, as projects move through the stages the 

possibility to make significant changes without high costs decreases.  

After a project initiation decision, in the exploration phase (not to confuse with the prior 

definition of exploration) a number of different solution alternatives are considered. Projects 

can for example compare the feasibility of a solution with solely traffic management initiatives, 

a solution with the construction of a rush-hour lane and a solution with the construction of a 

full additional traffic lane. In addition, the main spatial dimensions of the different alternatives 

are already considered in this stage. This means that the solution theme of an additional traffic 

lane can have several versions with different spatial dimensions. Different alternatives are then 

compared based on their problem solving abilities and their financial and practical feasibility  

The exploration phases finalizes with a ‘preferred solution alternative’ in which the main 

methods through which the traffic problems will be improved are defined.  

The plan development phase continues with designing the preferred solution alternative in more 

detail. Again, different possibilities within this alternative are considered. The main objective 

of the plan development phase is to make the project legally and financially approved by the 

minister of the MIWM. The plan development phase finalized with a ‘road decision’, which 

now defines the spatial dimensions of much of the design with a precision of two to one meters. 

The road decision enables the realization of the project legally and financially.  

In the realization phase, a tender procedure is performed for projects. Hereafter, the project is 

realized by the winning contractor. The exploitation phase, finally covers the usage and 

maintenance of the road. 

As discussed in section 2.5, this research focusses on the pre-tender phases of projects. 

Therefore, only the exploration and plan development phases will be considered.  
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5. Research scope and research questions 

This research will focus on the feed-forward mechanisms that cause knowledge and information 

to flow from projects into Rijkswaterstaat and on the overall feedback processes that cause 

knowledge and information to flow into projects. This means that processes related the industry 

level will not be actively considered. This decision is made because a wide variety of actors is 

present at this level, ranging from contractors, subcontractors, supplier, policy makers, etc. 

Actively including the industry level was, because of its broadness and complexity, therefore 

not feasible with the resources available in this research. The implications of this decision are 

discussed in the limitations section.  

5.1 Research questions 

The prior chapters described the importance of improved innovation upscaling in the projects 

of Rijkswaterstaat. In sections 2.3, 2.4 and chapter 4, two key factors were identified that are 

important to create insights into why upscaling is currently problematic: (1) The feed-forward 

and feedback mechanisms that facilitate the flow of knowledge and information between 

projects and Rijkswaterstaat, and (2) an understanding of how innovations move from first an 

application within a single project (exploration), to replication and assimilation across projects 

(along the continuum towards exploitation).  

In creating this understanding, it is important to identify the (in)formal systems and processes 

that currently determine the feed-forward and feedback mechanisms, and to simultaneously 

create insights into the factors that guide (the creation of) these systems. Similarly, it must be 

addressed to how this feedback is used within projects. Only if this simultaneous understanding 

can be created is it possible to gain an overall understanding of the upscaling dynamics within 

Rijkswaterstaat. The central objective here is thus to gain increased explanatory power of why 

many innovations currently fail to be implemented across projects. Guided by the discussion in 

sections 2, 3, and 4, I propose the following three sets of research questions that aim to create 

increased explanatory power for Rijkswaterstaat:  

1. How does the feed-forward of knowledge and information from the project level 

into Rijkswaterstaat occur? 

1. Why does it occur this way?   

 

2. How does feedback of knowledge and information reach the exploration and plan 

development phases of projects? 

1. Why does it occur in this way? 

 

3. How is the feedback of knowledge and information used within the exploration and 

plan development phases of projects? 

1. Why is it used in this way? 
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Note: For a long time during this study, research questions 2 and 3 were combined in 1 set of 

questions. Research question 2, here, was the main question and research question 3 was a 

sub-question. However, during analysis and reporting, it became clear that it would be better 

to separate the questions for clarity.  

While these three research questions are essential to understand why innovation upscaling 

insufficiently occurs, they do not provide insights into the phenomenon itself. Therefore, the 

tfourth research question focuses specifically on the upscaling of innovation. In addition, a sub-

question is formulated that covers how the upscaling of innovation can be improved in the 

exploration and plan development phases of projects. The fourth set of research questions is:  

4. Why does Rijkswaterstaat experience problems with the upscaling of innovations?  

1. How can the upscaling of innovations be improved?  
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6. Research methodology 

The research reported in this paper applied three different research methods to answered the 

research questions discussed in chapter 3. In this section, the motivation for the choice of each 

method is provided and the research steps are discussed. 

6.1 Research method for research question 1 

For the first research question that is focused on the feed-forward mechanisms between projects 

and Rijkswaterstaat, a literature study was performed. This method was chosen because in the 

exploratory research several indicators were found of a decent existing understanding of this 

topic. In early interviews and discussions with a variety of people at Rijkswaterstaat, with roles 

such as innovation manager, innovation advisor and portfolio manager, it became clear that 

there are very few formally organized processes for the feed-forward of knowledge and 

information. Therefore, performing an extensive empirical research aimed at outlining the feed-

forward processes between projects and the central organization seemed of little value. In 

addition, the early exploration of available literature indicated that research into the 

management of knowledge in organizations similar to Rijkswaterstaat was quite extensive. 

Therefore, an understanding of why such few formal mechanisms are present was expected to 

be findable in the existing literature. Based on these early findings, it was decided to answer 

research question 1 and its sub-question by means of an analysis of existing literature.  

6.2 Research method for research questions 2 and 3 

Opposed to the early indicators for the first question, little knowledge seemed to be available 

related to the feedback of knowledge and information into the exploration and plan 

development phases of projects. Without formal processes for feed-forward mechanisms, it 

seemed unclear how projects acquired feedback during their innovation activities. Also, little 

insights could also be acquired from the explorative literature study into this topic. Additionally, 

also little insights could be gained on the ways in which projects of Rijkswaterstaat perform 

and balance exploration and exploitation activities in the exploration and plan development 

phases of projects. Therefore, it was decided to focus the empirical part of this research on 

creating an overview and understanding of the feedback processes into projects.  

6.2.1 Case study methodology 

The second and third research questions and their sub-questions are exploratory and explanatory 

in nature. In the contexts of exploratory, descriptive or explanatory research Yin (2018, pp. 9) 

states that a choice among different social science research methods should be based on three 

conditions: (1) the form of research question posed, (2) the control a researcher has over actual 

behavioral events, and (3) the degree of focus on contemporary as opposed to entirely historical 

events. The research questions at hand were focused on exploring how feedback is organized 

and used and explaining why this is the case. No control or manipulation of behavior was 

possible in the research setting, and the questions were very much focused on contemporary 
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events. Based on these characteristics, in line with Yin (2018, pp 9.), it was concluded that 

research question 2 could in this research best be answered by means of a case study research 

method.  

6.2.2 Case selection  

Specifically, this research followed a multiple case study design in which five projects (five 

cases) were analyzed. Projects were selected for inclusion based on a number of characteristics: 

(1) Projects needed to be completed as part of a MIRT-trajectory  (2) Projects needed to work 

on road infrastructure problems (3) An indication needed to be present that a project was 

working on or had actively worked on innovation (exploration) activities. To check this, project 

documents such as final or intermediate reports or media appearances were looked at. (4) 

Projects needed to currently be in either their exploratory or plan development phases, or must 

have recently (no longer than 2 years) completed either phase. (5) Projects needed to have 

budgets of at least 50 million euros.  

Originally, it was aimed to analyze feedback into the exploratory phases of three projects and 

into the plan developments phases of three projects. By selecting projects with many similar 

characteristics, this study aimed for literal replication in which the results of different cases 

were expected to be similar to allow for generalization of findings (Yin, 2018, pp. 55).  

During the search for projects it became clear that few projects in the exploration phase were 

actively working on activities related to innovation. Therefore, in the end, only one project in 

its exploratory phase could be included in the study. For the plan development phase, four 

projects were included that all seemed to match the requirements. During the interview 

processes, however, it became clear that two out of four projects did not meet the requirement 

of actively working with innovation activities. Therefore, the final cases included in this study 

were one project in the exploratory phase and two projects in the plan development phase that 

met all the requirements, and two projects in the plan development phase that did not. This 

mistake actually gave rise to an opportunity; because literal replication case studies can be 

performed with as few as 2-3 cases (Yin, 2018, p. 55), two different contexts could be 

incorporated into the study: Projects with active exploration processes and projects without 

such processes. An overview of the projects included is provided in table 1. A more detailed 

descriptions of the projects are part of the results section for this question, and are therefore not 

presented here. 

6.2.3 Data collection 

Two main data sources were used for the collection of data: Project documents such as project 

deliveries and reports of innovation analyses and semi-structured interviews with project 

members and people of interest. Main project documents were always (briefly) analyzed before  
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Table 1. An overview of projects included in this study, along with key information and the roles that were 

interview. PM denotes project manager, TM denotes technical manager, IM denotes innovation manager, SM 

denotes sustainability manager and CM denotes contract manager. 

 MIRT-phase Focus on 

exploration 

Project phase Interviewed roles 

Project 1 Exploration Yes Completed 1.5 

years ago 

PM (1) & TM (2) 

Project 2 Plan development Yes Before first 

delivery 

PM (2), T&IM (1), 

CM (3) 

Project 3 Plan development No  Completed 1 year 

ago 

PM (1), TM (2) 

Project 4 Plan development Yes Before second 

delivery 

(1) PM, SM (2) 

Project 5 Plan development No Before second 

delivery 

PM (1) , TM (2), 

CM (3) 

 

interviews with project members to ensure a decent understanding of the project context 

beforehand. An overview of interviewees per project is provided in table 1. The project 

managers of all projects were interviewed, and the technical manager of four projects. One 

project had a specific team role focused on sustainability within the project, which could 

provide more information related to innovation than the technical manager. During the research 

process it became clear that it would be valuable to interview contract managers. Two projects 

indicated that their contract managers would be able to provide useful insights and they were 

consequently interviewed. 

Outside of projects, five additional interviews were performed after indications had popped up 

that this would lead to valuable insights. Three people interviewed that were involved in 

programs that could be viewed as facilitating feed-forward and feedback mechanisms, one 

contract manager with extensive experience in exploratory and plan development phases, and 

one sustainability advisor in the area of MIRT-process policy. In total, 17 semi-structured 

interviews were thus performed.   

The data collection and analysis approach was based on an abductive approach in which theory 

was continuously developed throughout the data acquisition process (Dubois & Gadde, 2002). 

In the early stages of data acquisition a more open, general and broad viewpoint was taken 

which became more specific throughout the process. Accordingly, concepts and relationships 

emerged through an open look at the data without being strongly guided by existing theories. 

To accommodate this process of increased focus, the case protocol and interview questions 

were also updated accordingly in-between interviews.  
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The initial interview questions were dominantly informed by the theory of absorptive capacity. 

The absorptive capacity construct concerns the ability of organizations, departments or project 

teams to acquire, assimilate, transform and exploit knowledge (Zahra & George, 2002). 

Acquisition here refers to the capability to identify and acquire externally generated knowledge. 

Assimilation refers to the routines that allow the analysis, processing, interpretation and the 

information obtained from external resources. Transformation denotes the capability to 

combine existing knowledge with newly acquired and assimilated knowledge. Lastly, 

exploitation refers to the ability to incorporate acquired and transformed knowledge into its 

operations. As the research questions are focused on how projects acquire external knowledge 

and information (feedback) and how this is subsequently used (for exploration and 

exploitation), these dimensions seemed well suited to ensure that data would be acquired on the 

full range of acquisition and usage possibilities within projects. In addition, the application of 

the absorptive capacity construct in the context of project management and innovation in 

projects was in line with the increasing interest on this topic (Bjorvatn & Wald, 2018; Gil et al., 

2012). To prevent only the acquisition of data relevant for the ‘how’ questions, explicit ‘why’ 

questions were added to the interview scheme to ensure that data would be acquired that 

provided insights into why feedback was acquired and used in this way. In addition, after 

consult with the company supervisor questions were added to gain clear insights into the goals 

and ambitions of projects. The interview protocol that was used during this research was 

construction based on the recommended contents by Yin (2018, pp. 93).  

6.2.4 Data analysis 

The interview data was first transcribed to allow for analysis. For the data from interviews 

within projects descriptive coding was first applied to identify all data that was related to any 

of the absorptive capacity dimensions, in addition to the identification of other main themes. In 

this way, data condensation was achieved. During the process, in line with the recommendations 

of Miles et al., (1994, pp. 26), analytic memos were tried to be created during initial coding 

activities to note down ideas or areas of interest. Absorptive capacity data were then further 

coded into the different dimensions of the construct. Hereafter, a causation coding method 

(Saldaña, 2015, pp. 186) was applied to the dimension codes. Additionally, after the first initial 

coding cycle full interviews were looked at again to see whether anything was missed. The aim 

of the causation coding process was to gain insights into how feedback was acquired and used, 

and why it was done in this way. After the causation coding process, second-cycle coding was 

applied to identify themes within the causation codes. Interview data from non-project sources 

were mainly descriptively coded along with the creation of analytical memos that focused on 

noting relevant relations with the data from within projects. Documents that were analyzed 

during the research were mainly coded with analytic memos and some descriptive coding to 

gain insights into the main themes within documents.  
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6.3 Research question 3 

To answer the third set of research questions the findings of the causation coding analysis for 

questions 2 and 3 were converted into Causal Loop Diagrams (CLDs) (Sterman, 2000) to gain 

insights into how the identified themes were (inter)related to one another. Whereas the 

discussion of questions 2 and 3 focused on linear thinking, question 4 aimed to create a more 

dynamic view on innovation upscaling, innovation processes within the exploration and plan 

development phases of projects, and on how these two relate. The analysis was supplemented 

with representative quotes from the interview data.  
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7. Feed-forward processes at Rijkswaterstaat 

When an innovation is first researched and implemented, new knowledge is created through 

exploration. For the innovation to also be exploitable in other contexts, this knowledge first 

needs to be captured. Therefore, to understand the upscaling of innovations in MIRT projects 

it must  be understood how new knowledge is transferred and captured within the organization 

or in other projects. In the exploratory research phase, through the analysis of relevant 

documents and early interviews and discussions, it became clear that two factors strongly 

influence the feed-forward system of Rijkswaterstaat.  

Firstly, Rijkswaterstaat is an organization that is heavily organized around projects. Its design 

and procurement processes are focussed on individual projects. In addition, it is often involved 

in the production of one-off products and services and in continuously changing collaborations 

with stakeholders, contractors and a variety of other actors. Based on these characteristics, the 

company can be viewed as a project based organization (PBO) (Gann and Salter, 2000). This 

has several implications for the transfer and capture of new knowledge (Hobday, 2000).  

Secondly, the infrastructure sector makes up a complex context which creates high levels of 

uniqueness of projects. In recent years, infrastructure development has naturally development 

in scale and complexity, which has led to an increase in the number of professionals involved 

in projects, the lengthening of project life cycles and the generation of more complex interfaces 

(Chou and Yang, 2012). This, in turn, makes the knowledge that is created in infrastructure 

projects more unique, complex and fragmented, and, therefore, also more difficult to capture.  

To understand how the feed-forward processes at Rijkswaterstaat occur, and especially why 

this is the case, theory on knowledge development in PBOs and in the infrastructure sector will 

be analysed. However, before these factors are discussed, the terms knowledge and information 

need to be clearly defined. Often ambiguity exists on how these two closely related topics 

should be viewed. To ensure clarity this ambiguity needs to be addressed. Therefore, the 

definitions of knowledge and information are first discussed in the next section. Hereafter, 

knowledge development in PBOs and in the construction industry are analysed. Then, the 

findings are used to explain how the feed-forward mechanisms from project level explorations 

into Rijkswaterstaat are organized, and why they are organized in this way.  

7.1 Knowledge and information 

In considering the topics of knowledge and information flows, it is important to make a 

distinction between the two concepts (Dosi et al., 1996). In line with Dosi et al., (1996) 

information is in this research considered to be made up of “well-stated and codified 

propositions”. Knowledge results as information is elaborated and interpreted based on beliefs 

and experiences that were accumulated over time. Knowledge is therefore more tacit and resides 

mainly in people’s heads. This, in turn, makes it more difficult to transfer across individuals, 

projects or organizational units.  
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The process of turning knowledge into information is known as codification. Codification, here, 

is defined as “the process of conversion of knowledge into messages that can be processed as 

information”. Cowan and Foray (1997) argued that codification of knowledge can make 

knowledge transfer easier and less costly. An important consideration in this process is, 

however, the difficulty of creating well-stated and codified proposition out of highly contextual 

knowledge. Generally, in this context, a distinction is made between explicit knowledge and 

tacit knowledge (e.g. Nonaka et al., 2000; Addis, 2016). Explicit knowledge is often considered 

as being codifiable because it is more or less independent of individuals. Therefore, can be 

viewed as an ‘objective’ type of knowledge. This makes it possible to transfer the knowledge 

across individuals through for example formal teaching or written representations. Tacit 

knowledge, on the other hand, is strongly dependent on wide range of personal experiences and 

therefore highly context dependent. This makes it difficult to separate it from individuals,  

7.2 Knowledge and information development in project-based organizations 

As a result of the project focus within Rijkswaterstaat, much of the organization’s knowledge 

and many capabilities and resources are created in the execution of large projects. It has long 

been identified that a strong focus on complex projects is associated with problems with 

organisation-wide learning (Hobday, 2000). Project organizations often lack the organizational 

mechanisms to transfer the knowledge acquired in one project across other projects. 

Additionally, projects are often unique and temporary which can also impair organisation-wide 

learning (Brusoni et al., 1998). This ‘one-off’ character also poses the difficulty to generalize 

knowledge from single sample sizes (March et al., 1991). If life cycles are long, similar 

activities or knowledge applications need to be transferred and repeated after long time 

intervals, which often proves difficult. 

Boh (2007) distinguishes four quadrants of knowledge sharing mechanisms in PBOs, based on 

the dimensions personalization, codification, individualization and institutionalization. 

Personalization focusses on the use of people as a mechanisms for sharing knowledge because 

they are effective carriers of knowledge and because they are able to restructure it so that it 

applies to a new context. This dimension covers knowledge that would normally remain in 

people’s heads, as it facilitates the sharing of tacit knowledge and allows for discussions and 

shared interpretations. This, in turn, can result in the development of new knowledge (Prencipe 

& Tell, 2001). Codification, as discussed in the prior section, refers to the transformation of 

knowledge into documents and databases (information). While codification allows for efficient 

transfer of explicit information, it does not facilitate interaction or customization to a knowledge 

recipient’s problems (Boh, 2007). In addition, it also remains difficult to transform the essence 

of rich and tacit knowledge into information. The individualized dimension refers to knowledge 

sharing at an individual level. Individualized knowledge sharing is usually dominated by 

information and unstructured interactions between people. It enables knowledge transfer of tacit 

knowledge and allows for interaction or customization, but is less useful in transferring 

knowledge across a larger group of individuals or projects. Lastly, institutionalization refers to 
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embedding knowledge sharing into the structure and routines of an organization. This 

dimension is thus associated with more formal and structured mechanisms. Institutionalized 

knowledge transfer generally enables a much wider reach, but less interaction or customization. 

Based on the four identified dimensions, four quadrants with knowledge sharing mechanisms 

can be created, as shown in table 2 (Boh, 2007). Quadrant 1 describes mechanisms through 

which individuals can share knowledge at the individual level in an informal matter. Quadrant 

2 covers processes in which documents and other project artifacts are informally shared at the 

individual level. Quadrant 3 describes knowledge sharing mechanisms that are based on 

codification and which are institutionalized in the routines and structure of an organization. 

Finally, quadrant 4 covers mechanisms through which individuals can share knowledge and 

that are institutionalized in the routines and structure of an organization. Together, these 

quadrants can be used to characterize the knowledge and information sharing mechanisms 

within PBOs.  

Now that an overview and characterization scheme of knowledge and information transfer and 

development in PBOs are clear, the context of the construction sector can be considered from 

the perspective of knowledge development.  

7.3 Knowledge and information development in construction 

It has already been discussed that the construction sector is characterized by a strong project 

focus. Therefore, the difficulties of knowledge development in PBOs generally apply to 

companies in the sector. In addition to these difficulties, large infrastructure projects often have 

very high levels of complexity. Two types of complexity are often distinguished: structural and 

dynamic complexity (Whitty & Maylor, 2009). Structural complexity refers to systems and 

projects that consist of a large number of interacting components such as stakeholders, project 

tasks or technologies. Dynamic complexity, on the other hand, refers to elements and interaction 

introduce unpredictability and uncertainty into projects. Large infrastructure projects possess 

both types of complexity (Koppenjan et al., 2011), and are often unique in their specific context. 

In addition, innovation in projects increases further the complexity within them (Von Stamm, 

2003)  When related to the prior discussions on knowledge and information and on knowledge 

development, this unicity and complexity make most of the knowledge that is gained in such 

projects highly tacit. It is difficult to transfer the rich contexts of projects to other individuals,  

 

Table 2. Framework of knowledge and information sharing mechanisms for managing distributed knowledge and 

expertise in project-based organizations, adopted from Boh (2007). 

 Individualized Institutionalized 

Personalization Quadrant 1: Individualized 

personalization mechanisms 

Quadrant 4: Institutionalized 

personalization mechanisms 

Codification Quadrant 2: Individualized 

codification mechanisms 

Quadrant 3: Insitutionalized 

codification mechanisms 
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and codification is even more difficult for much of the knowledge gained in such projects. 

Therefore, it can be concluded that the Rijkswaterstaat as an actor in the construction sector 

must overcome even larger challenges than most other PBOs.  

7.4 Knowledge and information development within Rijkswaterstaat 

Now that the rich context in which knowledge and information flows need to occur has been 

analyzed, the feed-forward mechanisms from projects into Rijkswaterstaat can be discussed. 

This will be partially done based on the findings of De Groot et al., (2020), who has researched 

learning within Rijkswaterstaat.  

De Groot et al., (2020) found that, within Rijkswaterstaat, the temporary character of projects 

combined with limited time for reflection and experience sharing harms knowledge 

development. Additionally, all MIRT-projects are coordinated by a so called integrated 

management team (IMT) in which various specialisms are represented. Each team consists of a 

project manager, technical manager, control manager, stakeholder manager and a contract 

manager. Most of the interaction between members of Rijkswaterstaat occurs within the 

boundaries of each specialism. This reduces the extent to which knowledge can be spread across 

departments. It was also mentioned that external consultants or temporarily hired employees 

take their knowledge and lessons learned with them, which inhibits organizational learning after 

projects. 

In line with the conclusion that most knowledge created in Rijkswaterstaat’s projects is highly 

tacit, formal information management systems were found to often be perceived as of little use 

for organizational learning within the organization. Unsuprisingly, personal communication in 

informal networks were mentioned as the main source of knowledge transfer. Where formal 

information management systems exist, not the information itself but the dialogue that it can 

facilitate are valued. 

Gerling (2015), in his thesis within Rijkswaterstaat on inter-project learning, also concluded 

that inter-project learning received very little attention within Rijkswaterstaat. In fact, he found 

that for only one in five product innovations it is known that there is a follow up of acquired 

knowledge. This also points at the detrimental effect of low quality feed-forward mechanisms 

for innovation upscaling.  

7.5 Answering research question 2 

Throughout the research process, in both formal and information interviews and conversations, 

it was identified that very few formal processes are in place that facilitate feed-forward 

mechanisms. So, the answer of the research question “How does the feed-forward of knowledge 

and information from the project level into Rijkswaterstaat occur?” is that most feed-forward 

occurs when people that are involved in projects are also involved within organizational 

departments. In terms of knowledge transfer between individuals, based on the framework of 

Boh (2007) that was presented in this chapter, it can be then concluded that individualized 

personalization is by far the dominant way of feed-forward.  
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In answering the question of why this is the case, a number of relevant insights were created in 

this section. The strong focus of complex problems, combined with the high complexity of 

projects, causes much of the knowledge to be created in exploration activities to be highly tacit. 

This makes the knowledge difficult to transfer and hardly codifiable. PBOs have long been 

identified to have difficulties with organizational knowledge development, and the high 

complexity of infrastructure projects only increases these challenges. In addition, the fact that 

little time for reflection and knowledge capture is available during and after projects further 

worsens feed-forward mechanisms. Together, these factors are likely to provide a conclusive 

explanation of why feed-forward mechanisms within Rijkswaterstaat mainly occur through 

individualized personalization.  
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8. Feedback processes at Rijkswaterstaat 

In this section, the results of the case study research on how the feedback of knowledge and 

information reaches the exploration and plan development phases of projects will be presented. 

The conclusions from the general analysis and the causation coding analysis are outlined by 

focusing on the acquisition dimension of absorptive capacity. This section focusses on creating 

a linear overview of how information and knowledge are acquired within projects. Additionally, 

the key factors that explain why this occurs in this way are identified. In this way research 

question 2 and it’s sub-question are answered. The focus will be on a linear narrative, which 

means that the presented findings are a simplification of reality; in practice, the processes 

related to the incorporation of innovation in projects are iterative and dynamic. Chapter 10 

discusses this more dynamic view of innovation within projects and the upscaling of innovation 

across projects.  

8.1 Pre-acquisition conditions 

The interview analysis indicates that certain pre-conditions need to be present before projects 

actively start with the acquisition of knowledge and information. The dominant condition that 

arises from the analysis is the presence of clear project goals and ambitions.  The acquisition of 

knowledge and information is initiated when the goals and ambitions give rise to a difference 

between the desired performance of the project and the project performance that would result 

from the application of conventional methods. This difference, in turn, creates a need for the 

incorporation of unconventional methods within projects. Conventional methods, here, refers 

to the measures that Rijkswaterstaat has much experience with and, therefore, has much 

knowledge about. For example, Rijkswaterstaat has much expertise in calculating the traffic 

effects, costs and environmental impact of the addition of an additional traffic lane using 

traditional materials. Calculations of these criteria become a much more difficult and time 

consuming task when less familiar methods like smart mobility initiatives are considered. The 

analyzed projects ranged from having no real difference between the desired and conventional 

performance to having goals and ambitions that required substantial innovation within the 

project.  

One project had goals and ambitions that could be fully achieved through conventional 

measures. In the absence of a difference between the desired and conventional project 

performance, the project did not pursue the acquisition of knowledge and information to gain 

insight into the innovation potential of the project. Instead, the project team focused on the 

regular project activities that are part of the MIRT plan development phase. Another project, 

on the other hand, included ambitions of becoming a leading project in the area sustainability. 

While sustainability remained a broad subject, the project team actively tried to identify 

possibilities to increase the project’s performance on sustainability related criteria. The 

difference between the desired and conventional project performance thus led to an active 

search for new knowledge and information. Two other projects had similar situations. The 
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projects differed in the areas in which the goals and ambitions were focused but corresponded 

in their search activities. The last project’s ambitions are mostly similar to those of the first 

project. However, here the project’s context led to a need for the incorporation of some 

unconventional methods, resulting in limited search activities.  

Notably, the project goals and ambitions which led to a difference between the desired and 

conventional project performance all originated from their regional clients. The region in which 

one project was located had a strong desire for the project to incorporate many smart mobility 

initiatives. This led the project to, from the start of its exploration phase onwards, approach the 

problems on the road with the motto of ‘Smart mobility wherever possible, infrastructure when 

needed’. The goals and ambitions of another project also mainly originated from its regional 

client. In addition, regional market actors also expressed a desire to make the project as 

innovative as possible. Together, these influences caused the project to, also from the start of 

its exploration phase onwards, aim for becoming a showpiece in the area of infrastructure 

innovation. The regional client of the remaining, which was also the main source of funding for 

the project (89%), expressed the desire for the project to become a frontrunner in sustainability. 

This desire became apparent during the exploration phase and mainly affected the project from 

the start of the plan development phase onwards. In contrast, the less ambitious project was 

located in a region that strongly prioritized the improvement of traffic flow in the area. Regional 

stakeholders had long lobbied for the initiation of the project and were the largest source of 

finance. Consequently, the region did not aspire for the project to perform specifically well in 

other areas at the risk of budget or planning extensions. Based on these findings it can be 

concluded that the projects’ regional clients were highly influential for the goals and ambitions 

within the projects. 

8.2 Initial feedback acquisition within projects 

As a result of the perceived difference between the desired and conventional project 

performances, the three ambitious projects all actively searched for innovations and innovative 

ideas that could be valuable for achieving the projects’ goals. Two central factors were 

identified in the analysis of the search activities of projects: ‘Limited time and energy’ and 

‘Team experience and networks’. In the following two sections these two factors are discussed.  

8.2.1 Balancing exploitation and exploration activities 

The importance of a limited amount of available time and energy was mentioned in several 

projects as an important factor that influenced the search for innovations. Time and energy 

constraints of team members caused projects to aim for quick and easy ways of knowledge and 

information acquisition. In this way, a balance was sought between the regular project activities 

(exploitation) and those that were focused on innovation within the project (exploration). 

Across the projects, this mainly resulted in the usage of personal networks (all projects), the 

hiring of an engineering firm or sessions with market parties or regional stakeholders for the 

acquisition purposes.  



38 
 

 

8.2.2  The importance of team experience and networks 

In line with the findings in chapter 7, in all projects prior experiences of team members and the 

personal networks of team members were stated to be the main source of knowledge and 

information for the project. This was generally based on the perception that personal contact 

was the easiest and quickest way to gain relevant insights. Notably, throughout the interviews 

it became clear that there exists no overview of ongoing developments or innovation activities 

in other projects or development programs. In addition, innovations that have recently been 

applied in the tender offers or realization phases of other projects do not seem to be logged or 

spread among other projects. In the absence of such overviews projects were required to 

individually explore which unconventional methods were available.  

One project had a technical manager with prior experience in smart mobility related programs. 

As a result, the manager had a personal network that contained a variety of people with relevant 

knowledge for the project. This network was the most important source for the acquisition 

activities of the project. Three other projects all mentioned the combined networks of their full 

project teams to be the main sources of knowledge and information. Project members were part 

of a variety of relevant departments within Rijkswaterstaat or involved with other projects. 

Through these affiliations the projects gained access to a broad range of feedback sources. Table 

3 shows an overview of the causation codes that describe these processes. It can be concluded 

that a diverse team composition, in combination with personal networks, is strongly associated 

with the acquisition of knowledge and information within the projects.  

8.2.3 Passive acquisition 

Important to note is the distinction between active and passive acquisition in these networks; 

projects can actively search within their network or passively hear topics being talked about 

that could prove valuable for the projects. Therefore, also the less ambitious projects were able 

to passively acquire feedback from these networks. Another passive source of acquisition for 

all project were requests to incorporate innovations. Projects were contacted by several 

departments of Rijkswaterstaat and market parties to research or include innovations into the 

project. Especially for the less ambitious projects these passive sources were important, as it 

caused the projects to still explore the feasibility of a limited number of innovative ideas. 

8.2.4 Continuous acquisition 

Finally, in two project the importance of continuously having an open attitude to new 

developments was addressed. Because the period between idea acquisition and the realization 

phase was still long, developments were expected to occur in this period. This indicates that the 

processes of idea acquisition and information acquisition should ideally continue throughout 

the plan development phase, and that projects need to remain adaptive and flexible to new 

developments. This did, however, proof to be difficult because projects generally structure their  
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Table 3: Causation codes that relate to the usage of personal networks for the acquisition of knowledge and 

information 

Antecedent conditions Mediating variables Outcomes Source 

Team member’s experience 

and network from prior 

activities 

Contacts with people who 

hold knowledge about 

potentially valuable 

innovations 

Access to knowledge and 

information sources  

PM  

People within the team are 

involved in multiple projects 

There is a connection to other 

projects 

Knowledge and information 

acquisition from other 

projects 

TM  

People within the project are 

involved in different 

departments and teams 

Many sources of knowledge 

and information can be 

contacted if needed 

Knowledge and information 

are acquired from a variety of 

departments and teams 

PM  

In project team composition 

different departments were 

included 

Project team is involved in a 

variety of departments and 

hear and read things about 

innovations 

Information and knowledge 

about innovations enters the 

project 

TM  

Clear project ambitions An (unconscious) alertness 

for innovative ideas 

Consideration of innovative 

ideas within the project 

PM 

There is still a long time until 

the realization of the project 

Many developments will 

occur between now and the 

realization 

There is a need to remain 

open to development during 

the next project phases 

PM  

 

innovation efforts rather linearly by creating lists of ideas that than go through further analyses 

efforts. Continuously updating this list was stated to be hardly possible.  

8.2.5 Acquisition for analysis  

In terms of the sources of knowledge and information during the analysis, one difference must 

be noted in this phase when compared to the initial acquisition process. Session with market 

actors and regional stakeholders seemed to occur less during for analyses purposes.  Instead, in 

the analysis phase, expert judgement sessions were performed by four projects. Expert 

judgement allowed external knowledge to be directly applied to the project context. This, in 

turn, resulted in better insights into the effects that could be expected.  

8.3 Concluding overview of initial acquisition process 

A graphic causal overview of the findings presented in this section is shown in figure 3. The 

figure shows which actions are generally performed in the initial acquisition phase of projects. 

Interestingly, no difference was found between acquisition activities in the exploration and plan 

development phases.  

It is important to again remember that this section focuses on a linear narrative and does not 

aim to provide a dynamic overview of the initial acquisition process and the main factors that 

influence it. For example, the factor ‘Diverse team composition’ is displayed as an external 

variable. In practice relations are likely to exist between a project’s goals and the composition 

of its team. This relation, however, could not be determined based on the research findings, and 

is therefore not included. Similarly, other factors that are displayed as external variables should 

not be considered as completely independent or unchangeable throughout the process.    
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Figure 3. A linear causal overview of the initial acquisition process and the main factors that influence it. Boxes 

display actions that are performed by the project team, dotted boxes display important steps that are not actions, 

circles display external factors of influence and thickened lines displays the dominant flow among options. 

8.4 What is acquired?  

While it was discussed in this section how feedback reaches projects, and why this is the case, 

it was not yet covered what types of feedback is searched for by projects. This is, however, 

important to understand because it indicates the balance between exploration and exploitation 

activities.  

Interestingly, all projects in their acquisition activities seemed to focus on innovations that were 

not applied or proven elsewhere. This was despite explicit questions being asked about what 

degree of ideas considered was innovative vs. taken from other projects that had worked on it. 

Therefore, the three projects that actively searched mainly worked on exploration activities of 

unproven innovations, and only relatively few examples were found of projects continuing to 
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work on innovative ideas that were considered or proven in other projects. So, projects 

innovation activities occurred dominantly on the exploration side of the exploration vs 

exploitation continuum. The term innovation was strongly associated with physical or product 

innovations. While for example new ways of collaborating with stakeholders were often 

considered, they were not referred to as innovations. This was despite the fact that they seemed 

to be both unique and valuable to the project. Based on this, it can be concluded that the 

definition that is used by projects is generally focused on project innovations.  

8.5 Generalized conclusion on the acquisition of feedback 

How does the feedback of knowledge and information reach the exploration and plan 

development phases Rijkswaterstaat’s projects and why does it occur in this way? 

It was first identified that for projects to actively seek feedback for innovation a difference 

needs to exist between the desired performance and the performance that would be achieved by 

using conventional methods. In the three projects in this study at which this difference was 

clearly present, the high goals and ambitions originated from the project’s regional clients.  

Findings showed that there exists no overview of ongoing developments or innovation 

activities, and that innovations that have recently been applied in the tender offers or realization 

phases of other projects are not logged or spread among other practices. In addition, no formally 

organized or centralized feedback processes could be identified. In the absence of such 

overviews or processes projects had to actively acquire feedback themselves.  

In their initial search for innovative or unconventional ideas projects mainly looked for quick 

and easy ways to acquire feedback. This was mainly due to the limited time and energy that 

projects had available and the consequent balancing that needed to occur between exploitation 

and exploration activities. Project teams dominantly searched for information and knowledge 

in their personal networks. Team members were often involved in multiple projects or 

departments across Rijkswaterstaat which created networks with many different contacts. 

Diverse team compositions were therefore stated to be beneficial for feedback acquisition. 

Other ways to acquire ideas in the initial acquisition phase were mainly the outsourcing of 

acquisition activities to engineering firms or sessions with market actors or regional 

stakeholders. Acquisition activities for analysis purposes were mainly similar to those for ideas. 

The main difference in this stage was that instead of sessions with market actors or regional 

stakeholders projects used expert judgement sessions in which an external actor’s knowledge 

was directly applied to the project context. Finally, all projects received requests to incorporate 

innovations from either Rijkswaterstaat departments or market actors.  

So, it can be concluded that in general no formally organized feedback processes exist from the 

organizational level of Rijkswaterstaat to projects. In the absence of such processes and with a 

limited availability of time and energy, projects perform a variety of acquisition activities 

themselves, with searching for feedback in personal networks being dominant. No differences 

in results were found between the exploration and plan development phases. 
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9. Using feedback for analysis and implementation  

In this section, the results of the case study research on how the feedback of knowledge and 

information were used within projects will be presented. The conclusions from the general 

analysis and the causation coding analysis are outlined by focusing first on the analysis of 

feedback and second on its final usage in projects. This section again focuses on a linear 

narrative. Chapter 10 will present a more dynamic view of innovation within projects and the 

upscaling of innovation across projects.  

9.1 Quick analysis 

After the initial acquisition activities resulted in a list of unconventional ideas that could be 

valuable for the project, project teams started analyzing. The three ambitious projects all 

worked with what can be described as a ‘long-list to medium-list to short-list’ process. In the 

projects the initial search activities resulted in a broad range of innovative ideas. To quickly 

filter these ideas an initial analysis was carried out to quickly assess the added value of each 

idea. The most important evaluation criteria differed among the projects. However, it can be 

identified that projects mainly used their goals and ambitions and a set of desired prerequisite 

conditions at this stage. For example, one had a strong focus on the topic of sustainable living 

environment. Therefore, one of the main evaluation criteria was whether an idea was relevant 

within this theme. Additionally, the technology readiness levels (TRL) of ideas were evaluated 

whenever applicable, and a minimal TRL was set as a prerequisite condition for the project to 

take an idea further into account. In this way the project created a set of evaluation criteria to 

matched its specific context. The two other projects performed similar analyses. A less 

ambitious project, in the absence of ambitious project goals and ambitions, used its specific 

road context to create the main criteria for incoming ideas. Here, for example, the number and 

types of overpasses along the road were relevant in determining the value of ideas.  

9.2 Factors that influence analyses 

After this filtering step, projects then moved to a phase of more detailed analyses of remaining 

ideas. The causation coding analysis points to 4 interrelated factors that provide insights into 

how these analyses are carried out and why this is the case: ‘Innovation analysis’, ‘Client and 

stakeholder support’, ‘Limited resources’ and ‘Risk and uncertainty’.    

9.2.1 Innovation analysis 

An overview of the key causation codes related to innovation analysis is shown in table 4. The 

findings indicate that before more detailed innovation analyses start it is important to have a 

thorough understanding of the specific road context. In one project for example, which focused 

on smart mobility ideas, an extensive analysis of the traffic flows on different parts of the route 

was required before the effects of smart mobility initiatives could be estimated. Other projects 

needed to have clear overviews of for example their main material flows or the biggest sources 

of environmental impact before effect analyses could be performed. What becomes  
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Table 4: Causation codes that relate to the analysis of innovative ideas within projects 

Antecedent conditions Mediating variables Outcomes Source 

Effectivity of an innovation is 

dependent on the road context 

Knowledge and information 

cannot directly be applied to 

the project 

Thorough analysis of road 

context is required to apply 

knowledge and information 

TM 

Clearly defined prerequisite 

conditions and goals and 

ambitions 

Clear evaluation criteria for 

analysis 

Ability to assess innovations  TM/IM 

There is a necessity for a low 

risk profile of critical success 

factors (Safety, traffic flow, 

etc.) in projects 

Risk profile of critical success 

factors influences the space 

that can be created for 

innovative ideas 

Necessity to clearly define 

acceptable risk profiles 

CM  

List of potentially valuable 

ideas 

Analysis of feasibility, costs, 

risks, transferability to 

procurement 

Deliberate and informed 

decisions on which ideas to 

incorporate in the project 

PM 

In the plan development 

deliveries the project’s spatial 

dimensions are defined 

It is very undesirable to adjust 

the deliveries after they have 

been finished 

It needs to be researched how 

innovative ideas influence the 

project deliveries 

CM 

The implementation of 

innovative ideas can influence 

the realization duration  

Client support is important 

when incorporating ideas into 

the project 

Communication with clients 

should be done as early as 

possible 

PM 

Desired understanding of the 

value for the project 

Make the effects of 

innovations measurable and 

known 

Ability to filter innovations PM 

Analyze the effects of 

innovations quantitively 

whenever possible 

More clear and factual 

overview of the effects of 

innovative ideas 

Easier to gain support for 

decisions 

SM 

Acquire expert judgement  External knowledge is applied 

to the project context 

Insights into the effects that 

can be expected 

PM 

Desire to assess the 

applicability of an innovative 

idea as quickly as possible 

Use practical instead of 

theoretical knowledge in 

evaluations 

Quick assessment of the 

applicability of ideas 

PM 

 

clear throughout the projects is that because the effects of innovations are dependent on the 

specific road context, feedback cannot be directly applied.  

A second consideration before the start of detailed analyses is a clear (working) definition of 

the project’s goals and ambitions. As discussed in the prior section, this topic was already 

important before the quick analysis phase and this continued throughout further analyses. In all 

projects it was mentioned that general topics such as ‘sustainability’ or ‘innovation’ are too 

broad to provide guidance for project activities. One project, having the broad ambition of 

becoming a leading project in the area of sustainability, dealt with this by focusing on four sub-

topics: Circularity, energy, biodiversity and social relevance. Although these themes were still 

mentioned to be broad, it was easier to incorporate them during analyses. Another project 

similarly focused their broad innovation goals on a number of themes to create more focus and 

better evaluation criteria. In addition, the project’s contract manager stated the importance of 

clearly defining acceptable risk profiles on critical success factors such as safety and traffic 

flows. This need arises because there is a necessity for low risks profiles on these factors, which 

in turn influences the space that can be created to facilitate the incorporation of innovations into 

projects.  
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For the analysis of innovations itself, four key factors were mentioned across the projects: The 

goal and/or ambition related value (as already discussed), risks and uncertainty, costs and 

spatial dimensions and/or planning requirements. The spatial dimensions factor arises from the 

core deliveries in the exploration and plan development phases. The plan development defines 

the spatial dimensions of the project in detail and records them in two main project deliveries. 

It is generally highly undesired to change these dimensions after the deliveries have been 

finalized because these adjustments often require many resources. Consequently, if innovations 

influence a project’s spatial dimensions, they should already be incorporated in the project 

deliveries. Therefore, an analysis of the spatial dimensions of innovations is required in the 

early stages of the plan development phase. The factor of planning requirements arises when 

the implementation of an innovative idea causes the envisioned project planning to change. 

These changes do not directly influence the project deliveries but should be discussed with 

clients and stakeholders. The earlier in the process these discussion occur, the larger the chances 

are of implementing an idea.  

One project provides a clear example of this: The project’s context enabled the realization times 

of certain parts of the road to be longer than originally planned, as this would cause little 

problems for the traffic flow. The project used this context by suggesting a planning that would 

extent the realization time of one part by one year, which created the possibility to re-usage 

asphalt that would become available after the demolition of another part of the road. The project 

team discussed this idea with its clients and stakeholders early on in the plan development 

phase, and after an initial decline from Rijkswaterstaat it was later accepted. 

The key factors above are mainly applicable to the plan development phases of projects. In the 

exploratory phase, the different factors were analyzed in much less detail. As discussed in 

chapter 4, the main goal of the exploratory phase is to determine the ‘preferred solution 

alternative’. Therefore, the key analysis goals are to gain insights into factors that could 

influence this overall solution, reducing the need for high levels or precision. 

Lastly, the outcomes of the analyses were generally stated to be preferably quantitative. Topics 

such as sustainability are often discussed qualitatively, but this regularly causes decisions to be 

made without clear evidence or factual arguments. One project, therefore, tried to perform 

quantitative analyses on topics such as this CO2 emissions for both conventional and 

unconventional methods. The results could then be combined costs calculations to create cost 

comparisons as well. Although a notable margin of error would often still be present in such 

calculations, it did enable the project to compare different alternatives based on clear data. This, 

in turn, also made it easier to discuss analysis results with clients and stakeholders. The 

discussions on the factors ‘client and stakeholder support’ and ‘risk and uncertainty’ will further 

explain why this was important. Before that, the factor ‘limited resources’ will be discussed.  
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9.2.2 Limited resources 

Projects in exploration and plan development phases must operate with a set of resources and 

conditions that are often decided before the phases start. An overview of the key causation 

codes related to limited resources within projects is shown in table 5. Project budgets are set 

already during the initiation phases of MIRT processes. These budgets then influence much of 

the research that is performed and many of the decision that are made throughout a project’s 

life-cycle. The project planning is also determined during the initiation phase. This includes 

envisioned deadlines for all major intermediate deliveries up to the final completion of the 

realization phase. Projects also face limited time and energy based on the capacity of project 

teams. These combined conditions cause a need to balance exploitation and exploration 

activities when a difference exists between the desired and conventional project performances. 

In the absence of such a difference, two projects had a strong focus on exploitation activities. 

Because of the client’s focus on project deliveries innovations were deemed less important. The 

project therefore put almost all of their available time and energy solely into these milestones. 

One of the projects mentioned how there were barely sufficient resources within the project to 

manage it without any exploration/innovation activities. This, for example, resulted in the 

absence of a system to assess innovative ideas which in turn reduced the incorporation of such 

ideas into the project. Across projects it was also mentioned that it is a team’s own responsibility 

to consider whether innovations will be included in the project. In the context of one project, 

which is location at a critical traffic location with little room for error, the implementation of 

innovations was therefore hardly considered. The projects that did have incentives to 

incorporate innovations provide further explanation for why project without strong incentives 

put little effort in innovation. In another project it became clear how much more  

Table 5: Causation codes that relate to the presence of limited resources within projects 

Antecedent conditions Mediating variables Outcomes Source 

Exploration activities require 

time and energy 

Innovation is less important 

than project milestones 

Time and energy are put into 

regular project activities 

PM  

Barely sufficient resources to 

manage the project without 

any exploration activities 

No formal assessment process 

of innovative ideas 

Ad hoc assessment of 

innovative ideas 

TM 

It’s a project’s own 

responsibility how to consider 

innovations or new ideas 

The project is focused on 

traffic flow and is located at a 

critical area of traffic 

Reluctance in putting 

resources in innovation 

research 

TM 

There exists little knowledge 

on innovative ideas 

Much time and energy 

required to assess the effects 

of ideas 

Project requires additional 

resources for in-depth 

analyses of innovative ideas 

TM 

There is much knowledge 

available on conventional 

methods 

It is easy to assess the effects 

of conventional methods 

It is much easier to work with 

traditional methods than with 

innovative ideas 

TM 

Exploration activities require 

resources such as time and 

money 

Clients prioritize project 

milestones over innovation 

activities 

Tension between budget and 

planning and innovation 

activities 

TM 

Create a team role that creates 

a leading person for the topic 

of sustainability 

Dedicated time and energy 

available for innovation or 

sustainability research 

Goals and ambitions on topics 

such as sustainability are 

anchored within the project 

PM 
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difficult it is to assess the effects of innovative ideas than it is for conventional methods. Before 

the project there was little experience with actively incorporating smart mobility initiatives. As 

a result, much time and energy were required to assess their effects. This, in turn, caused a need 

for additional resources so that in-depth analyses could be performed. In contrast to this, the 

project also mentioned the ease of assessing the effect of conventional methods such as the 

addition of an extra traffic lane. Because much experience and expertise exists with these 

methods throughout Rijkswaterstaat, it required little effort to incorporate them into the project. 

Another project similarly pointed to the need for additional time and budget for exploration 

activities. Here, however, this resulted in a tension between the project’s budget and planning 

and innovation, because clients remained prioritizing project milestones over innovation 

activities. In the next section, two interrelated factors that influence the resources that are 

available within project are discussed: Client and stakeholder support and risk and uncertainty.  

9.2.3 Client and stakeholder support vs. Risk and uncertainty 

While the analysis process sketched in the prior section was very linear, it needs to be noted 

that in practice the process is often more messy and iterative. The findings show that two of the 

main influences in this process of iteration are client and stakeholder support and the closely 

related factors risk and uncertainty. Key causation codes related to these topics are shown in 

table 6. 

In prior sections it was mentioned that clear (working) definitions of goals and ambitions and 

clear definitions of acceptable risk profiles were important before the start of actual analyses. 

In one project, the importance of committing to goals and ambitions from the early project 

description onwards was mentioned as an antecedent condition for discussing risk and 

uncertainty management with clients. The consequent agreements were, in turn, mentioned to 

provide counterbalance to the focus on risk management and uncertainty avoidance in later 

project stages.  

A less ambitious project provides an example of what can happen if such conditions are not 

present within a project. The project did not have non-conventional goals and ambitions in its 

project description. Nevertheless, throughout the plan development phase the project team tried 

to define a number of goals and ambitions themselves. During the times of the interviews, the 

project was still in the process of discussing with clients which of these targets could receive 

support. In the absence of such support it remained difficult for the project to make progress in 

areas other than those that were close to their original focus. Resources could still hardly be 

allocated to exploration activities without client support and risk management remained 

dominant. Therefore, innovative ideas could hardly be included.  
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Table 6: Causation codes that relate to the factors ‘client and stakeholder support’ and ‘risk and uncertainty’ 

Antecedent conditions Mediating variables Outcomes Source 

Make project and stakeholder 

ambitions known and clear 

for clients 

Determine support among 

clients and steering groups 

Provide clients with the 

option to support, adjust or 

oppose ambitions 

PM 

Client support for ambitions More resources available to 

pursue ambitions 

Increased possibilities to 

combine the focus on control 

and project ambitions 

PM  

Commit to goals and 

ambitions in project 

description  

Discuss the management of 

risk and uncertainty in early 

project stages with clients 

Create counterbalance for 

later prioritization of risk 

management and uncertainty 

avoidance 

TM 

Little experience with and no 

validation of an innovative 

idea 

Little trust of clients and 

stakeholders in the successful 

application of the idea 

Low estimates of the effects 

that can be expected within 

the project 

TM 

Use the low-performance 

scenario in assumptions 

Less uncertainty in 

assumptions 

Higher degree of client and 

stakeholder support for 

decisions 

PM 

Client focus on achieving 

project milestones  

Needing to move resources 

from innovation activities to 

regular activities 

Difficult balance between 

innovation goals and project 

milestones 

TM 

Creation of project packages 

with different degrees of 

ambitions for sustainability 

and innovation  

Early interaction with clients 

related to the support for 

ambitions 

Clear and well-considered 

client decisions on the degree 

of support for ambitions 

PM 

 

Another, on the other hand, faced difficulties with gaining client and stakeholder support as a 

result of the uncertainty that was present in the estimated effects of smart mobility initiatives. 

Stakeholders, such as local municipalities that were affected by the project, expressed little 

confidence in initiatives that were not tested in other projects yet. Therefore, even though the 

project was in many ways supported in its focus on smart mobility, the project had to use low-

performance scenarios to reduce the uncertainty of assumptions made. This was needed to deal 

with the tension between risk and uncertainty and client and stakeholder support.  

Yet another project mainly faced difficulties in combining exploration activities with the 

client’s focus on milestones. During the phase development, around 2 years before the 

interviews, the project’s initial design had faced a budget overshoot which caused the first main 

project delivery to be heavily delayed. In addition, the project needed to cut the costs of its 

envisioned design. Unsurprisingly, these events caused clients to focus strongly on cost, risk 

and time management afterwards, despite the earlier agreements on these topics. This made it 

difficult for the project to still allocate resources to exploration activities and pursue its goals 

and ambitions of becoming a showpiece project for innovations. These dynamics surrounding 

these processes will be further discussed in chapter 10. For now, it is important to note that 

large influence of client support on the project’s ability to allocate resources to exploration 

activities.  
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9.2.4 Concluding overview of the analysis process within projects 

An overview of the findings in this section is presented in figure 4. It is important to note that 

analysis activities and acquisition activities occur continuously and iteratively. Therefore, 

acquisition activities are also displayed in the model.  

 

 

 

Figure 4. A linear causal overview of the innovation analysis process and the main factors that influence it. 

Boxes display actions that are performed by the project team, dotted boxes display important steps that are not 

actions, circles display external factors of influence. 
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9.3 Implementing feedback in projects 

Before the implementation of feedback is considered it is important to remember the roles that 

Rijkswaterstaat, as the public client of MIRT projects, has before start of the tender procedure. 

In the exploratory phase different solution alternatives are created. The phase finalizes after a 

preferred solution alternative has been chosen in which the main solution for the traffic 

problems and the main spatial dimensions of the project are defined.  In the plan development 

phase the preferred alternative is designed in more detail. Here, the spatial dimensions of the 

project are defined in detail and legal obligations (such as acoustic values) are ensured. In 

addition, in the realization preparation phase (which is an ‘in-between’ phase at the end of plan 

development and the start of realization), contracts are constructed for the following tender 

procedure. The contracts specify the requirements that contractors must fulfil if they wish to 

make a tender offer.  

In these contexts, the causation coding analysis indicated the presence of three main themes 

that describe the exploitation of feedback: ‘Flexibility’, ‘Tension uncertainty legal obligations’ 

and ‘Procurement’. Each theme will be discussed in the following sections.  

9.3.1 Flexibility for innovation  

Across all projects the importance of flexibility for innovation was mentioned. Table 7 provides 

an overview of important causation codes that relate to flexibility. A major aspect of remaining 

flexible for innovations was related to their physical properties. One project, for example, 

explicitly stated in their contract for the finalization of the first project delivery that the 

executing engineering firm needed to: (1) analyze the required spatial dimensions of potentially 

valuable innovations and (2) implement the resulting space requirements in the project delivery. 

Some concrete innovative ideas that were envisioned to require additional space were, for 

example, sustainable roadside designs, new types of sound barriers, or energy production 

systems. Another project performed similar actions and, for example, also reserved additional 

space in the first project delivery to enable the creation of nature-friendly shores along parts of 

the road.  

A third also took physical space requirements into account, but in a much different way. Here, 

going with the conventional method of creating an additional traffic lane was tried to be 

prevented on parts of the road network. However, in doing this, assumptions needed to be made 

related to future traffic flows and the effectiveness of smart mobility initiatives. The ensure that 

the project could still choose for the additional lane in later stages, additional space was added 

to the middle roadside in the preferred solution alternative. In this way, the project team secured 

that it would remain possible to go with a more traditional approach if their assumptions turned 

out incorrect.  
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Table 7: Identified causation codes that relate to the theme of ‘Flexibility for innovation’ 

Antecedent conditions Mediating variables Outcomes Source 

Innovations can require more 

physical space  

Create more physical space in 

project deliveries 

It remains possible to 

implement innovations 

TM 

In the plan development 

phase deliveries the spatial 

dimensions are defined 

It is undesired to change the 

deliveries after they have 

been finalized and approved 

Innovations that require more 

physical space must be 

incorporated in deliveries 

CM 

Traffic situation is on the 

tipping point of requiring the 

creation of an additional lane 

Not yet possible to 

definitively decide not to 

create an additional lane 

Make sure that the creation of 

an additional lane remains 

possible in next phases  

PM 

Create extra physical space in 

the middle roadside 

Extra physical space could be 

used for an additional lane 

Possibility to add an 

additional lane without many 

changes in next phases  

PM 

One of the main goals of the 

project deliveries is to enable 

stakeholders to react to the 

project plans 

A clear overview needs to be 

presented to stakeholders so 

that they can make objections 

if they disagree 

More flexibility makes it 

more difficult to react to 

project deliveries because 

much remains unclear 

TM 

 

It can be concluded that the three projects all ‘build in’ flexibility into their projects. By 

reserving additional physical space an increased number of ideas remained possible to 

implement in later phases. These actions were important because the project deliveries in both 

phases require spatial dimensions to be defined.  

One difficulty that was mentioned several times was that project stakeholders need to be well 

informed about what the project will look like. The second project delivery is the last moment 

during which stakeholders can react and object to the project plans. As a result, it can be difficult 

to remain flexible because if it is not clear what will be built on a (reserved) piece of land, 

stakeholders can simply not react on it.  A second difficulty was the tension between uncertainty 

and regulations. 

9.3.2 Tension uncertainty and regulation 

While it is often desired to create more physical space for innovations, there are more factors 

that can make it difficult to do so. The main theme that relates to this, and which resulted from 

the causation coding analysis, is the tension between uncertainty and legal obligations. Key 

identified causation codes that relate to this theme are shown in table 8.  

Two contract managers pointed to the law that states that projects cannot expropriate private 

lands without legal grounds. As a consequence of this law, projects are required to provide clear 

and provable reasons if they wish to expropriate lands. Innovations are generally associated 

with higher levels of uncertainty, which makes it more difficult to prove that the space reserved 

for them is really required. In addition, during the plan development phase it is often unclear 

whether an innovative idea will in fact be implemented into the project. Reserving physical 

space just to keep the possibility of implementing an idea is not considered lawful. Therefore, 

it can be difficult to reserve additional physical space for innovation in the plan development’s 

project deliveries.  
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Table 8: Identified causation codes that relate to the theme of ‘Tension uncertainty and legal obligations’ 

Antecedent conditions Mediating variables Outcomes Source 

Laws state that project cannot 

expropriate private lands 

without a good reason 

Innovative ideas need to be 

sufficiently clear to show that 

additional space is necessary 

Tension between uncertainty 

in innovative ideas and spatial 

dimensions in project 

deliveries 

CM 

Legal grounds are needed to 

expropriate private land 

It needs to be provable that 

land is really needed 

Tension between uncertainty 

in innovative ideas and spatial 

dimensions in project 

deliveries 

CM  

Acoustics and sound need to 

adhere to tight legal 

requirements 

Acoustic and sound 

researcher play a dominant 

role in the plan development 

phase 

Road axes are defined in 

detailed in plan development 

deliveries 

CM 

 

Another factor which was mentioned in multiple projects was the importance of acoustic 

requirements. Road infrastructure projects need to adhere to tight legal requirements of 

maximum allowable sound levels. This causes acoustic analyses to play a dominant role in the 

plan development phase. Acoustic requirements are, in fact, one of the main reasons that road 

axes need to be defined in such detail in the plan development’s project deliveries. When the 

spatial dimensions are adjusted, sound levels can change. Therefore, when physical space is 

reserved to increase a project’s flexibility, this can influence whether the project meets its 

acoustic legal obligations. Based on both the physical space and acoustics, project often need 

to negotiate support with clients before being able to reserve additional space. These factors 

creates tensions between the uncertainties that are associated with innovative ideas and the 

reservation of physical space to enable them. It is important to note that these tensions do, of 

course, not always arise. If issues with private land expropriation or with sound levels do not 

exist, neither should obstruct the reservation of additional physical space. In addition, while 

these issues are significant in the plan development phase, the findings did not indicate their 

presence in the exploratory phase. Here, legal obligations on these areas are generally not 

considered yet.  

9.3.3 Procurement and innovation 

The prior two sections focused mainly on the flexibility that can be built into the project 

deliveries and the difficulties that can arise when trying this. As discussed in chapter 2, 

Rijkswaterstaat also has the important role of procuring client for large infrastructure projects. 

It is therefore unsurprising that causation coding analysis indicates that the procurement process 

also is a key process through which feedback can be incorporated or implemented into projects. 

This section is, of course, only applicable to the plan development phase. While Rijkswaterstaat 

performs many  project design and planning activities in the pre-tender phases, the final project 

design and the actual implementation of innovative ideas is done by contractors. Rijkswaterstaat 

can, however, influence the performance of the project through its procurement practices. Key  
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Table 9: Identified causation codes that relate to the theme ‘Procurement’ 

Antecedent conditions Mediating variables Outcomes Source 

Analysis of available 

innovative solutions 

Insights in what can be asked 

from the market during tender 

Functional requirements for 

tender can be improved 

PM 

Research into innovations and 

their effects in the project 

A bottom line reference can 

be created 

Well-argued bottom line 

performance that contracts 

need to adhere to 

TM 

Present high reference values 

to the market 

Make only reference values 

or higher acceptable  

The inclusion of state of the 

art is stimulated 

CM 

There are state of the art 

methods that are on the shelf 

but which are not 

conventional  

State of the art could be 

prescribed  

Recent innovations are 

stimulated but little room for 

new developments 

CM 

A contract specification needs 

to be created before the tender 

procedure 

It is very undesired to change 

the contract specifications 

during the tender procedure 

No changes can be made to 

the contract specification to 

better facilitate the inclusion 

of new developments 

CM 

Create functional 

requirements  

Contractors have the 

opportunity to include their 

own development activities 

Possibility of innovation 

within the contract 

CM 

It is never certain what the 

effects of innovation 

implementation will be 

Define well what you want to 

stimulate and what you want 

to achieve 

The contract clearly states 

what is desired but also gives 

space to deal with current 

unknowns 

CM 

In EMVI it is required that at 

least 35% is allocated to 

sustainability 

Sustainability is automatically 

part of tender and 

procurement 

Contractors are guided to 

include sustainability in their 

offers 

CM 

 

codes that were related to this factor are shown in table 9. Before the findings are further 

discussed, it must be noted that none of the projects that were analyzed for this research had 

started with the creation of the procurement contracts yet. Therefore, the causation codes that 

were constructed are based on statements related to what project members planned on doing, 

not on what was actually done within the project.  

One of the main benefits of acquiring and analyzing feedback that was mentioned across 

projects is the improvement of functional requirements or bottom-line reference performances. 

Analyses of the effects of non-conventional methods provide projects with insights into the 

results that can be achieved. Based on these insights, it then becomes better known which 

(minimal) performance can be required from contractors in their offers during the tender 

procedure. By clearly specifying these requirements, contracts can be stimulated to include state 

of the art wherever possible. In addition, projects can try to actively incorporate specific non-

conventional state of the art solutions by prescribing them in detail.  

Contract managers are, however, also confronted with challenges. After tender procedures are 

initiated it becomes very undesired to make changes to the contracts. Contractors are generally 



53 
 

skeptical when it comes to such changes because they could provide benefits to their 

competitors. In addition, making adjustments at this stage requires many resources. At the same 

time, during the contract specification it remains unclear which developments can be expected 

to occur until the time of project realization. When valuable innovations are developed after the 

tender procedure has been initiated, the contract specification should ideally be adjusted to 

better facilitate their inclusion. However, because of the market skepsis and many resources 

involved, this cannot be done.  

Another factor that influences innovation in contracts is that tender laws and regulations state 

that Rijkswaterstaat can, in their contracts, not ask for things that can only be offered by one 

contractor. Therefore, contract specifications need to be generalized whenever issues with these 

laws could come up. Before, it was mentioned that projects can try to actively incorporate 

specific non-conventional state of the art solutions if they deem them valuable, but this process 

is often complicated because of these procurement laws.  

Nowadays, Rijkswaterstaat mainly deals with these combined challenges is by specifying the 

requirements in their contract as functionally as possible. In this way, contractors are provided 

with the opportunity to include their own recent developments and innovations into the project. 

Therefore, innovation in projects is expected to increase with functional requirements. 

Importantly, contract managers do still need to thoroughly consider on which topics contractors 

are stimulated and how to ensure that the project’s goals are achieved despite the broad 

specifications of requirements in the contract.  

Lastly, it needs to be noted that Rijkswaterstaat has in recent years tried to stimulate 

sustainability efforts among contractors in all of its projects. The winning contractor in tender 

procedures is based on the Economically Most Feasible Offer (EMFO) that was made. An 

EMFO analysis does not only look at the price, but also attaches value to (qualitative) criteria 

such as public focus, sustainability and/or project management. Rijkswaterstaat has made it 

mandatory for projects to, in the calculation of the EMFO, weigh sustainability with at least 

35%. In this way, contractors that incorporate many sustainability consideration in their offer 

are awarded quite heavily.  

 

 

 

 

 

 

 



54 
 

9.3.4 Concluding overview of the exploitation process within projects 

An overview of the findings in this section is presented in figure 5. 

 

 

Figure 5. A linear causal overview of the exploitation process and the main factors that influence it. Boxes 

display actions that are performed by the project team, dotted boxes display important steps that are not actions, 

circles display external factors of influence. 

9.4 Generalized conclusion on the usage of feedback 

How is the feedback of knowledge and information used within projects and why is it 

used in this way? 

The usage of knowledge was divided into two types of activities: analysis and implementation. 

The research findings indicate that after the initial search for ideas, projects first perform a quick 

analyses to move from a long-list of ideas to a medium-list. Again, this is mainly done because 

the limited availability of time and energy necessitates a quick process. Project specific 

evaluation criteria were used in this analysis stage, which were based on the project’s goals and 

ambitions and a set of prerequisite conditions.  

The remaining ideas were then analyzed in more detail. Here, the need to actively balance 

between exploitation and exploration activities became more dominant and difficult. This was 

mainly caused by the focus of clients on completing project milestones in time and the limited 

availability of resources for exploration activities. The analysis process itself was mainly an 

iterative process between the acquisition and application of feedback. Because the effectivity 

of innovations was generally context specific there was a need for a thorough understanding of 

the route context during the detailed analyses. In addition, there was a desire for quantitative 

results from analyses because this better facilitates discussions with clients and stakeholders 

and makes it easier to make well-argued decisions.  
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In the plan development phase, the main factors that were analyzed in detail were the goals or 

ambitions related value, the associated risks and uncertainties, the costs and the spatial or 

planning requirements. The analysis of spatial requirements was important because the projects 

need to define their spatial dimensions in detail in the plan development project deliveries. 

Therefore, if the implementation of innovative ideas influences these dimensions this must be 

identified in time. The other factors were important because they are important in determining 

the feasibility of an idea. Together, the set of analyses created a more detailed overview of the 

feasibility of ideas which could then be used for exploitation activities. In the exploration phase 

the analyses process was mostly similar and influenced by the same factors. Here, however, 

there was a lower level of detail required.  

In the implementation of feedback, one of the main factors for projects in both the exploration 

and plan development phases was the reservation of additional physical space for innovation in 

the phase’s project delivery. This can, however, be difficult because of the legal grounds are 

needed to expropriate private lands. In the plan development phase, insights into a project’s 

innovation potential was also dominantly used in the preparation of tender contract. The 

overview of innovation potential enabled project to improve their functional requirements and 

to potentially prescribe a desired solution. Prescription is difficult because of the legal 

obligation to create a level play ground in tender procedures. Lastly, EMFO weights could be 

determined based on prior exploration activities to stimulate contractors in a certain direction.  
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10. The dynamics of upscaling  

In this chapter, the dynamics of innovation upscaling and a dynamic overview of innovation in 

the exploration and plan development phases of MIRT projects are discussed by means of 

CLDs. Firstly, the basic dynamics of innovation upscaling will be outlined. Hereafter, based on 

the findings in chapters 7, 8 and 9, an explanation is given for why innovation upscaling is 

difficult in Rijkswaterstaat’s projects. Then, a dynamic overview of innovation within MIRT 

projects is described based on the findings in chapters 8 and 9. Lastly, the dynamic overviews 

of innovation upscaling and innovation in MIRT projects are combined to provide insights into 

how Rijkswaterstaat can improve the upscaling of innovations and the overall performance of 

its projects.  

10.1 The theoretical dynamics of upscaling  

Figure 6 provides an overview of the main dynamics that would typically drive an innovation 

to be upscaled across projects. The main variables in the CLD are based on the findings in the 

prior chapters. Three feedback loops can be identified, which together drive the increased 

implementation of an innovation. Each mechanism will be discussed in more detail in the next 

sections. Before this, it is essential to note that the model in figure 6 is theoretical in nature and 

has in itself little practical value. In addition, it is based on a number of key assumptions, such 

as that all knowledge that is produced during exploration activities or implementations will 

 

Figure 6. Causal Loop Diagram of the theoretical dynamics through which an innovation can (rapidly) scale up. 

The R (Reinforcing) label denotes the nature of the feedback loop. The polarity of each causal link is denoted by 

‘+’ and ‘-‘. A substantial delay in this link is denoted by two short lines across the causal link. 
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become available across all projects and actors, that an innovation is equally valuable and 

feasible in all projects and that all innovations will be successful. Based on the findings in 

chapters 7 and 8 it can already be concluded that these assumptions are vastly incorrect. 

Nonetheless, starting with a simplified view on innovation upscaling paves the way for the 

identification of problems that exist within Rijkswaterstaat’s system in the next section. 

10.1.1 Reinforcing mechanisms  1 & 2:  Decreasing risk and uncertainty and increasing 

performance 

When an innovation has not been implemented yet its usage is often associated with high levels 

of risk and uncertainty. As identified in earlier parts of this research, this causes client and 

stakeholder support for implementation to be low. This, in turn, gives rise to a high barrier to 

incorporate an innovation for the first time in a project. Here, it is also important to note that 

the more radical and novel an innovation is, the more risky and uncertain its effects will be and, 

therefore, the higher the incorporation barrier will be. Once a first implementation successfully 

occurs, experiences will increase. This then reduces the uncertainties and risk that are associated 

with the innovation for consequent implementations, which will increase client and stakeholder 

support and thus reduce the barriers to incorporate it in subsequent projects. In these dynamics 

a reinforcing mechanism can be identified, in which essentially increased implementations will 

reduce risks and uncertainties, which will increase implementations, and so forth. Similarly, the 

performance of an innovation improves after increased implementations due to incremental 

improvements that can be made to it in these processes. In this way, for example, costs can 

decrease or the innovation’s effectiveness can increase. An increased performance will cause 

an innovation to see increased implementations, and this will again give rise to a reinforcing 

mechanism.  

10.1.2 Reinforcing mechanism 3: Knowledge development   

When an innovation is new and not yet proven, much exploration activities are needed to gain 

insights into its effects and feasibility. This was well shown in chapter 8, in which the variety 

of analyses that need to be performed before an innovation can be incorporated into a project 

were outlined. Stated differently, much new knowledge needs to be created within a project 

before a first implementation can occur. Consequently, many resources need to be put into 

exploration in this situation. This increases the barrier to incorporation because of the limited 

amount of resources that are present within projects. Once an innovation is implemented, 

however, more knowledge becomes available. Therefore, projects that subsequently want to 

incorporate the innovation will need to put less resources in exploration activities. This makes 

it easier to incorporate the innovation, and reinforcing dynamics will again arise.  

Based on the three reinforcing mechanisms that were discussed, it seems that under perfect 

conditions innovations that provide more value than alternatives would automatically be 

upscaled after their first implementation. A first implementation would have to overcome 

significant barriers and require many resources to be put in exploration, but this would quickly 
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reduce for subsequent implementations. The next section will discuss why, in practice, these 

dynamics often remain mainly fairytales.  

10.2 Knowledge development within Rijkswaterstaat 

The importance of feed-forward and feedback mechanisms were addressed throughout this 

research. They enable the capture of newly created knowledge and the feedback of this 

knowledge across projects. In this section the discussion of reinforcing mechanism 3,  

knowledge development, will be extended based on the findings in chapters 7, 8 and 9 and 

additional analysis of data.  

Remember that in the prior section, one of the central assumptions was that all knowledge that 

is produced during exploration activities or implementations will become available across all 

projects and actors. A perfect situation of instantaneous feed-forward and feedback mechanisms 

was thus assumed. Across the projects of Rijkswaterstaat, however, these mechanisms function 

much worse. This causes the knowledge that is created in unsuccessful exploration activities or 

implementations to hardly be captured within the organization. In the absence of well-organized 

(Institutionalized) knowledge and information management practices, individualized 

personalization mechanisms are dominant and knowledge often remains solely in the heads of 

the people involved after a project is finalized. The main way in which knowledge and 

information transfer from projects to the organizational level is therefore almost solely based 

on people’s involvement with departments of Rijkswaterstaat next to their project activities. In 

the interview, one interviewee compared the feed-forward processes within Rijkswaterstaat 

with that of a consultancy firm that he had collaborated with in the past:  

“We often hire ‘Consultancy firm’ for projects. If I had a question about how another project 

dealt with an issue, the firm had already organized their information in such a way that all 

tender dossiers for projects could be viewed very quickly. Well, we do not have that at all 

within Rijkswaterstaat. Each project simply has its own archive and when the project is 

completed it does not become available to the entire department. So too often the wheel is 

reinvented and searched for again.” 

This system of feed-forward does, of course, also influence the feedback mechanisms that are 

present. In the absence of a central information base, a clear knowledge management system or 

an overview of ongoing developments, projects struggle to find the knowledge and information 

that they need when trying to improve their performance. A project manager described his 

experiences with searching for feedback as:  

 

“We are not the inventors of the innovations. That's what I'm struggling with. [...] I was 

searching a lot at GPO, to find out which things we could potentially take into account. The 

tricky part of that search was that there are a lot of people working there and everyone had 

different ideas. So it was very difficult create a focus and clear overview” 
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Another project manager, in turn, described the current feedback system as:  

“Projects need to find those departments [with knowledge and information about 

sustainability or innovation] themselves. These departments could also say, we’ll make sure 

that someone connects with these projects. The question now remains whose responsibility it 

is. Currently, the systems operates in a way so that departments will provide information only 

if we ask for it.” 

Lastly, a third project manager which did not actively acquire feedback, stated:  

“What I now often see is that some vague reference to an innovation is mentioned somewhere, 

and then you actually use your network or that of  your team to determine ‘hey what’s that 

about, is that something valuable for us? In this way you often collect some innovations. So 

feedback about innovation needs to be improved in one way or another.” 

Such difficulties made it hard for projects to acquire the much needed knowledge and 

information that they were searching for. Already constrained in the available resources for 

such searches, it often took long to identify and analyze innovative ideas. When considering 

the ‘Knowledge development’ reinforcing feedback loop as described in the prior section, two 

main changes must therefore be made in it. First, it needs to be addressed that, from the 

perspective of projects, the available knowledge of recent innovations often remains low, even 

if they have already been researched or even implemented in other projects. This is a 

consequence of the low quality of feed-forward mechanisms. Secondly, because little feedback 

reaches projects, the resources required for exploration activities remain high. And, in the terms 

of an interviewee ‘too often the wheel is reinvented and searched for again’. Of course, 

sometimes the right feedback reaches projects, but the findings indicate that this occurs 

incidentally rather than structurally. This can be considered a consequence of the low quality 

of both feed-forward and feedback mechanisms within Rijkswaterstaat.  

Figure 7 displays the reinforcing mechanism ‘Knowledge development’ with the addition of 

the external variable ‘quality of knowledge and information management systems’. Based on 

the prior discussion, it can be concluded that if the quality of these systems remain low, the 

reinforcing feedback loop will not be effective. This can cause great difficulties within project 

that have high ambitions because their innovation activities are hardly facilitated. They need to 

put much effort in finding and analyzing innovative ideas (exploration) while pressured to 

simultaneously keep meeting project deadlines and milestones.  
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Figure 7. Causal Loop Diagram of the Knowledge development reinforcing mechanism within Rijkswaterstaat. 

The R (Reinforcing) label denotes the nature of the feedback loop. The polarity of each causal link is denoted by 

‘+’ and ‘-‘. A substantial delay in this link is denoted by two short lines across the causal link. 
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while not included in figure 7, also risks and uncertainties associated with innovations can 

remain significant even if it has been applied elsewhere. This stresses the need to develop not 

just knowledge about the innovation itself, but also on the process through which its risks and 

uncertainties can be reduced in the specific context of a project. Perhaps this situation is the 

easiest to understand if compared to a more familiar topic: a set of physics exercises. The box 

on the bottom of this page further explains this comparison. Lastly, it must be noted that projects 

currently make it difficult for themselves by often focusing on a range of innovative ideas that 

have not yet been implemented elsewhere and, therefore, are associated with high levels of risk 

and uncertainty.  

10.4 Upscaling innovation at Rijkswaterstaat: An explanation for problems 

Why does Rijkswaterstaat experience problems with the upscaling of innovations? The prior 

sections show how the low quality of feed-forward and feedback mechanisms, combined with 

the high complexity and uniqueness of projects, greatly harms upscaling processes across the 

projects of Rijkswaterstaat. The findings indicate that projects teams are, quite simply, often 

not aware of innovations that have been researched or developed recently. Therefore, instead 

of continuity in knowledge development, projects generally have to start from zero in their 

search for unconventional and innovative ideas to meet their goals. In this search, the focus is 

often on innovations whose feasibility has not been tested or proven in other projects. This 

introduces both higher levels of risk and uncertainty and a need for more resources to be put 

into exploration activities.  

 

The commonalities between infrastructure innovation and physics exercises 

Innovations that are developed in infrastructure projects can be viewed as being solutions to specific 

problems. And, while the detailed context and set of conditions are always unique across projects, 

similar logics are used to find the solutions to problems. 

If one now considers a set of physics exercises, a similarity arises: While the exercises are all unique 

in their combinations of variables and conditions, the set of equations that is required to solve them 

is largely the same. Importantly, if you would want to use the solution of one exercise to solve 

another, simply looking at the final answer is never sufficient. Instead, the process through with the 

answer was found should be well understood. Which steps were performed? Which equations were 

applied? And, most importantly, why was this the case? Once the logic of how the solution was found 

is well understood it can be applied to solve other exercises as well.  

In continuing the prior comparison, this indicates that if a project wants to use a successful innovation 

that was developed elsewhere, considering only the innovation itself is not sufficient. Instead, how 

and why the innovation was created and developed must be thoroughly analyzed. In this way, the 

underlying logic that caused the innovation’s success should become well-understood. This logic can 

then be applied to other projects as well. While this might not lead to the exact same solution, it might 

just lead to finding a correct answer.  
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Exploration activities occur within projects in which a difference between the desired and 

conventional project performance is present. However, the subsequent exploitation of this 

newly developed knowledge in other projects does not happen. When related to the dimensions 

of upscaling, it can be concluded that projects work mainly on the growth phase of upscaling, 

but the replication, assimilation and transformation stages do only seldom occur. 

While the example in the box ‘the commonalities between infrastructure innovation and physics 

exercises’ seemed trivial, its message is very important. In infrastructure, innovations can 

seldom be simply copied from one project to another. This causes a need for the underlying 

logic of newly developed innovations to be captured as much as much the innovation itself. 

However, as was discussed in chapter 7, the underlying logic with which an innovation is 

developed can often be considered to be very tacit in nature. This makes it difficult to transfer 

the knowledge, let alone codify it. Therefore, resources need to be reserved to accommodate 

these processes.  

It can be concluded that projects work dominantly on the opposite ends of the exploration vs 

exploitation continuum; exploration focusses on new and unproven innovations for which much 

new knowledge needs to be created, exploitation focusses on conventional methods which can 

often readily be applied. The area in the middle of the continuum, in which already implemented 

innovations still need new knowledge to be created to determine or increase their feasibility in 

a different context, seems important but untouched within Rijkswaterstaat’s projects.   

10.5 Which innovations are influenced?  

It now remains important to address to which types of innovations the findings of this research 

are applicable. It has become clear that Rijkswaterstaat can hardly prescribe solutions in 

procurement practices, and can therefore only indirectly influence the implementation of many 

innovations. However, too often the perception seems to be that Rijkswaterstaat, therefore, 

needs to rely fully on the market to develop and implement innovations. I can, however, not 

agree with this statement.  

During the exploratory and plan development phases, there are many opportunities for the 

development of innovations. One project is a prime example of this. The smart mobility 

initiatives that were tried to be incorporated into the project could not have been procured. Their 

development requires extensive communication with stakeholders in the region and this cannot 

be done much later in the project lifecycle. Furthermore, this is an example of how 

Rijkswaterstaat can very much be the developer or ‘upscaler’ of innovations in their projects; 

given the traditional focus on creating additional traffic lanes whenever traffic flow needed to 

be improved, trying prevent the creation of additional lanes with smart mobility initiatives can 

hardly be denied to be very innovative for the organization. Similarly, changing the realization 

planning in another project to enable the re-usage of asphalt within the project should be 

considered as a valuable innovation in the area of circularity. Again, this idea most likely could 
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not have been implemented by a contractor in a tender offer, given the importance of early 

stakeholder and client involvement in such a change of planning.  

The same example of smart mobility initiatives within the first project also showed the 

challenges that arose when the effects of initiatives needed to be estimated. The project put 

much effort into incorporating different assumptions in traffic models to create a set of 

scenarios. The knowledge that was created in this exploration process seems valuable to future 

projects that want to explore the possibilities of smart mobility. It must be noted that the findings 

cannot be directly used by others, because they were specific to the traffic flows within the 

project. Therefore, the example also shows well that not always the knowledge of the innovation 

itself, but the process of its creation is often important to transfer when trying to upscale an 

innovation.  

In addition to such examples, some general characteristics of innovations can be identified that 

would cause them to be influenced by decisions in the exploration and plan development 

phases. Firstly, it has become clear that a project’s available physical space can either facilitate 

or prevent the implementation of innovative ideas. Therefore, the upscaling of all innovations 

that require more or a different physical space than regular practices can be influenced in the 

plan development phase. Simply stated, if an innovation is developed within a project that had 

explicitly reserved additional space for its implementation, the upscaling of the innovation is 

inhibited if other projects do not reserve similar space. Secondly, all innovative ideas that 

require collaboration or that need to be consulted with stakeholders or clients should be taken 

into account in exploration and/or plan development phases. Based on these two categories, 

what results is a broad range of innovations that can or cannot be implemented based on 

decisions in the exploration and plan development phases.  

10.6 The dynamics of innovation within projects 

Now that an explanation has been created for the lack of upscaling across projects at 

Rijkswaterstaat, suggestions for improvement can be made. To do this, first a CLD will be 

presented of the innovation dynamics within projects, based on the findings in chapter 8. Then, 

the this CLD is combined with the CLD of the upscaling dynamics presented in figure 8, and 

the resulting overview will be used to explain recommendations.  

A CLD of the dynamics of innovation with the exploration and plan development phases of 

projects is shown in figure 8. It is easily recognized that the CLD contains 3 balancing 

mechanisms: ‘Risk and uncertainty avoidance’, ‘complete the milestones’ and ‘tension 

innovation and legal obligations’. Before discussing each mechanisms individually, it is easily 

recognized that the mechanisms of innovation within projects hardly give rise to dynamic 

behavior; because all mechanisms are balancing in nature, project will mainly be driven towards 

exploitation instead of exploration.  

Importantly, however, there often exists a delay between the initiation of exploration activities 

and the time at which risks and uncertainties and the delays caused by putting resources in  
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Figure 8. Causal Loop Diagram of the innovation dynamics in the exploration and plan development phases of 

Rijkswaterstaat’s projects. The B (Balancing) label denotes the nature of the feedback loop. The polarity of each 

causal link is denoted by ‘+’ and ‘-‘. A substantial delay in this link is denoted by two short lines across the 

causal link. 
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“What is often done are interim project tests. The whole project is screened to see if you are 

still on the right track. Are you in control of the risks, in terms of money, it is not too 

expensive? You are thoroughly interviewed and then you get assigned a score. Those kinds of 

systems are not aimed at providing space for innovations in the plan development phase.” 

When asked to clarity on this statement, the following example was given:  

“We offer a set of all our sustainability measures for which we aim to find money. We also 

say, if that does not work we can always fall back to the standard as a basis. Than the group 

[of controllers] says, well you’re saying to local residents that you are going to be very 

sustainable. It’s a risk that that fails. Then you actually get a minus on your risk, because you 

consciously take risks” 

Surprisingly, even with the explicit option to fall back on standard practices, a higher risk score 

was given, indicating a very high degree of risk aversity among controllers. A project manager 

noted a similar risk aversion among regional stakeholders:  

“There was a lot of skepticism. We could not show good results from other projects. Affected 

municipalities had an attitude of ‘nice and all, these innovative initiatives, but we would 

prefer just an additional traffic lane” 

These attitudes of uncertainty avoidance thus reduce client and stakeholder support when 

innovation increases within projects. This, in turn, cause projects to be less inclined to continue 

their exploration activities and, therefore, increase their exploitation activities. This, then, 

reduces the number of innovative ideas that are actively considered.  

10.6.2 Balancing mechanism 2: Complete the milestones 

When projects need to create new knowledge to increase the innovation within their project, an 

increasing amount of resources is required for exploration. Resources here denote things such 

as time, money and energy. Because projects have limited resources available, an increase in 

exploration is thus automatically association with either a resource shortage or a decrease in 

available resources for exploitation activities. One project, before its first major phase delivery, 

ran into a budget overrun which resulted in a significant delay in the timing of the first delivery. 

During the time of the interviews, over two years after this event, one manager within the 

project stated on the availability of time for exploration:  

“You still notice that tension between budget, time, and innovation. They say listen, make sure 

that you finish your project delivery, and make people do useful things [instead of working on 

innovation]. That is killing for innovation of course and a very bad signal. They are so 

focused on milestones, it is always a balancing act.” 

Admittedly, the experiences in this project might have been very much the result of the 

problems with budgets and planning that were encountered before. However, in a more general 
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setting a manager who had recently researched the possibilities for innovation in the pre-tender 

stages of a variety of projects commented on the experiences: 

“It doesn't work if we say we experience problems [in the procurement and realization 

phases] and we send people into earlier stages to solve it. They either go there and work on 

the phase goals, or they will do something that is usually counterproductive for the phase 

goal. For example, if you say can we spend more time on already considering the realization, 

then a project manager says more time? I don't have the time. I have to be on time and 

innovation is not the main goal now.” 

These experiences indicate that if more resources (in these examples time) need to be spend on 

exploration activities, client support diminishes because project milestones need to be 

completed. Similarly, it was regularly mentioned that costs were an issue in relation to 

exploration and the inclusion of innovations in projects. Just like before, when client support 

decreases so do exploration activities, resulting in more exploitation and less innovation within 

the project.  

10.6.3 Balancing mechanism 3: Tension uncertainty and legal obligations  

In addition to decreased client and stakeholder support as a result of increasing risks and 

uncertainties, the findings in chapter 8 indicate that a tension between uncertainty and legal 

obligations arises when uncertainties increase. As this mechanism is more factual and less 

dynamic, no further examples are provided of its existence. 

10.7 Improved upscaling, improved performance 

Based on the discussion in the prior section it can be concluded that client and stakeholder 

support are important variables in the innovation dynamics within projects. Throughout the 

time of this research increased budgets and risk and uncertainty acceptance has often been 

mentioned as the solution to problems with innovation. However, it always needs to be 

remembered that the stakes of large infrastructure projects are high. There is, simply, not much 

room for uncertainty in projects with such large budgets and which affect local economies and 

stakeholders so enormously.  

10.7.1 What to do to improve upscaling 

Instead, based on all the findings throughout this research, Rijkswaterstaat is advised to create 

improved feed-forward and feedback mechanisms. However, simply stating to improve these 

processes would be of little value without a strong argument. Therefore, Figure 9 shows the 

CLD that results from combining the dynamics of innovation upscaling with the dynamics of 

innovation within projects, to create an understanding of how improved upscaling could lead to 

improved performance. In this case, the display of internal project dynamics should be viewed 

as a continuous stream of new projects instead of as a single project. Importantly, the CLD in 

figure 9 remains a simplification of reality. It is aimed to provide an overview of the core 

dynamics that were identified in this research, not to accurately model reality.  
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The results of this research indicate the need for an improved knowledge and information 

management system combined with exploration activities that are spread across projects. 

Instead of the current dominance of individualized personalization, Rijkswaterstaat should put 

more efforts into creating institutionalized knowledge sharing mechanisms for feed-forward 

and feedback within the organization. By doing this, as shown in figure 9, both unsuccessful 

and successful exploration activities could lead to more available knowledge throughout the 

organization. Importantly, to accommodate feedback processes, this also stresses the need to 

create a practically useful overview of knowledge and information.  

The improvement of feed-forward and feedback mechanisms would better facilitate projects in 

their search for unconventional methods to reach their project goals. Importantly, project teams 

also need to acknowledge that there is only so much room for innovations that have not been 

tested or applied elsewhere. Within individual projects balancing loops remain dominant as a 

result of the general inflexibility of clients, stakeholders and legal obligations. Therefore, there 

is a need to balance exploration and exploitation activities along the continuum.  

The improved availability and quality of feedback of knowledge and information would cause 

projects to require less resources for their exploration activities. Both the resources required for 

the acquisition of feedback and for the (exploration) activities to process it would decrease. 

This, in turn, would be associated with less tension between the need to complete project 

deliveries and the need for exploration to achieve project goals and ambitions. Similarly, if the 

quality (the amount and usefulness of knowledge and information) of feedback increases, its 

incorporation would be associated with a decrease in risk and uncertainties. As a result, project 

would be able to better deal with the risk and uncertainty avoidance of clients and stakeholders 

and with the tension between uncertainty and projects’ legal obligations.  

Significant barriers are likely to remain to exist for first implementations of innovations. 

However, if the knowledge from implementations can be used by other projects as well, it might 

become easier to argue for one-time additional investments or (small) increases in the allowable 

risks and uncertainties for a particular innovation. Communication would be key here. 

Lastly, to accommodate all these processes, project teams also need to become better at finding 

a balance between exploration and exploitation activities. Currently, the focus is often on 

opposite sides of the exploration-exploitation continuum. For upscaling to occur, activities 

along the continuum would be required. For example, the feasibility of some innovations is 

highly context dependent. In these cases, more exploration would be required to assess their 

value across projects. Other innovations might be easier to transfer across projects, and more 

exploitation would be necessary. As discussed before, this also stresses the need to not only 

focus feed-forward and feedback processes on the final results of exploration activities, but also 

on the process itself. If this knowledge would not be captured, factors such as the context 

dependency of feasibility could hardly be assessed and projects would still require many 

resources to assess the feasibility of innovations in their particular context.  
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Figure 9. Causal Loop Diagram of the innovation dynamics in the exploration and plan development phases of Rijkswaterstaat’s projects 

combined with the dynamics of innovation upscaling. The B (Balancing) and R (Reinforcing) labels denote the nature of the feedback loop. The 

polarity of each causal link is denoted by ‘+’ and ‘-‘. A substantial delay in this link is denoted by two short lines across the causal link. 
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10.8 Examples of existing  feed-forward and feedback programs 

Interviews were performed with the program managers of two programs that can be viewed as 

facilitators of feed-forward and feedback. As a final insight into the possibility of improving 

these mechanisms, these examples can be used to better understand the challenges and 

opportunities ahead.  

10.8.1 The smart mobility program 

The smart mobility program that is considered here is a regional program, focused on 

facilitating knowledge sharing between projects and organizations in two provinces of the 

Netherlands. One project was connected to this program. However, the program was at the time 

of the project’s exploration only just created, and therefore seemed to not be an important source 

of information yet. 

The program manager stated that knowledge transfer between individuals could be facilitated 

well by organizing sessions with different organizations, projects and departments in which 

knowledge could be shared. In such sessions, for example, specific sub-themes of smart 

mobility were often discussed. This is an example of how institutionalized personalization 

knowledge sharing mechanisms can be deployed.  

The development of a knowledge base, however, was stated to be a very difficult topic in the 

program. A number of reasons were given for why this was the case. For one, knowledge 

capture, because knowledge is difficult to codify, requires quite a lot of resources such as time 

and budget. In addition, it requires continuous effort. Therefore, individual organizations were 

not inclined to take on this role. Secondly, it was stated that it is unclear whose responsibility it 

is to facilitate knowledge development. As the program was regional, it did not feel like they 

were the best initiative to put many resources into it. Instead, more central organizations such 

as Rijkswaterstaat were mentioned as perhaps more suited to organize it. One of the main 

difficulties that arose from this lack of knowledge development was mentioned to be the strong 

dependency on knowledgeable people. People often had unique experiences, and when they 

would no longer be associated with the program these experiences would be completely lost.  

Lastly, the information that projects desire was also mentioned as problematic. This was 

perhaps best captured in the following statement:  

“At first, MIRT-projects approached the program which questions like ‘What is smart 

mobility and what is its effect?’, aiming to simply incorporate the effects into their traffic 

models and not work on it much more. However, then I had to explain to them that we assess 

the potential effects of initiatives but that it is highly context dependent, on for example the 

services and product that market actors bring to the table, to what extent the effects can be 

achieved.” 

So, very much in line with the findings in this research, projects often seemed to underestimate 

the context dependency of feasibility and effects.  
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10.8.2 Feed-forward and feedback of innovative ideas 

The second program that was looked aimed to facilitate the connection between market actors 

with innovations or innovative ideas (as described in chapter 4, the result of non-project 

explorations) and projects or departments within Rijkswaterstaat for which those could be 

useful. 

Until the time of the interview, the program had worked with a supply oriented process in which 

only the intention of the program was communicated to market actors. However, this supply 

based process did not function as well as intended. Often, innovations would not match well 

with the goals and challenges that Rijkswaterstaat faces. Therefore, the program intended to 

switch to a more demand oriented system in which the goals and ambitions of Rijkswaterstaat 

were clearly communicated. In this way, the application of larger innovations with more value 

for Rijkswaterstaat was aimed for. This, the supply-driven feed-forward model did not work 

well, a demand-driven feed-forward model was expected  to perform better.  

In terms of the analysis of ideas, the program used many of the criteria that are also used within 

projects. The value (in terms of costs, safety, sustainability, etc.) of innovations was first 

assessed. In addition, the costs vs. rewards of innovations were assessed. Of course, risks were 

also considered in four areas: (1) technical risks, (2) risks related dependency on other market 

actors, (3) risks associated with the incorporation in Rijkswaterstaat’s processes and lastly, (4) 

risks associated with the required support within Rijkswaterstaat. It was noted that especially 

in the area of sustainability claims of market actors could often not be well supported 

quantitatively or factually. The program critically assessed such claims. This is in line with the 

findings that, although difficult, it is important to create quantitative data when possible.  

In terms of feedback, the program manager stated that it was often difficult to find projects or 

people interested to take the innovations into account and put effort into exploring it. Finding 

people within the organization was mainly based on networks and personal communication, 

unsurprisingly. For projects, it was mentioned that project goals were the most important 

indication of whether they would be interested in an innovation. Interestingly, the difficulties 

with finding people or projects caused innovations that were identified as potentially valuable 

and feasible to sometimes take up to 1.5 years to be further considered.   

10.8.3 Concluding remarks 

Based on these two examples of programs that work with feed-forward and feedback 

mechanisms, several conclusions can be made: (1) It must be clear whose responsibility it is to 

work on knowledge development, otherwise no parties will be interested in putting in the 

required resources. These resources are high because knowledge is difficult to codify (2) 

Projects need to be aware that knowledge and information is not a ‘copy and paste’ issue, but 

needs to applied and analyzed for the specific context at hand. (3) Clear goals are important to 

improve innovation feed-forward mechanisms and to assess their value. (4) Feedback 



71 
 

mechanisms also need to be well-organized, as currently findings places to provide feedback to 

was problematic.  

11. Discussion 

The upscaling of innovations will be essential for Rijkswaterstaat to achieve its ambitious 

transition goals. This research focused on how the organization can improve innovation 

upscaling in its projects based on its pre-tender practices. A focus was put on feed-forward and 

feedback mechanisms for knowledge and information transfer and how these mechanisms 

affect the upscaling of innovations. The current way in which projects in pre-tender stages work 

with innovation was analyzed, and the balancing dynamics that influence the way in which 

projects balance exploration and exploitation activities were outlined. In carrying out this 

research, several valuable contributions to literature were created.  

Firstly, previous research has addressed that research on ambidexterity within projects, and how 

the tensions between exploration and exploitation can be addressed this setting, is scarce 

(Tiwana, 2008; Junni et al., 2013). In addition, practical knowledge on how to manage 

exploration and exploitation has been identified to be lacking (Turner et al., 2015; Birkinshaw 

and Gupta, 2013). In this research it was found that in the pre-tender stages of large 

infrastructure projects management teams often work on opposite ends of the exploration-

exploitation continuum. These findings are in line with the conclusions of Eriksson (2017), who 

found that in construction projects exploitation involves conducting activities based on existing 

knowledge without any improvement developments. The effects of this imbalanced 

ambidexterity efforts were addressed, showing that it inhibits innovations to see 

implementation across projects. This research shows that the imbalanced ambidexterity in 

construction and infrastructure projects could be reduced by improved feed-forward and 

feedback processes, and has addressed the mechanisms through which these improvements 

occur. These insights are a valuable addition to the topic of managing ambidexterity in 

construction and infrastructure projects.  

The barriers to innovation in construction and infrastructure projects have been widely 

considered (see e.g. Gil et al., 2012; Rose & Manley, 2012, 2014, Blayse & Manley, 2004). 

Similarly, the difficulties with learning from innovation activities within projects has often been 

addressed (see e.g. Håkansson & Ingemansson, 2013; Dubois & Gadde, 2002; Miozzo & 

Dewick, 2002). However, such topics have not been from a perspective similar to this research. 

Here, the relation between the exploration-exploitation continuum, knowledge and information 

management, and innovation upscaling was considered in the context of large infrastructure 

projects. The findings indicate that the exploration-exploitation continuum perspective provides 

valuable insights into the mechanisms through which lacking knowledge and information 

management systems inhibit innovation upscaling. The low quality of feed-forward feedback 

mechanisms causes projects to work on the opposite ends of the continuum. This, in turn, 

inhibits innovation upscaling and promotes either ‘reinventing the wheel’ while pressured by 
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resource constrains and risk aversion or the usage of fully conventional methods. The 

identification of these dynamics is relevant to the general research area of innovation in 

construction and infrastructure.   

This research also aimed to contribute to the gap in literature on the lack of knowledge of 

practitioner oriented insights on the topic of public procurement and innovation (Rolfstam, 

2012; Obwegeser & Müller, 2018). The buying power of public authorities has been identified 

as potentially one of the most important mission-oriented policy instruments in relation to the 

sustainable development goals (Edquist & Zabala-Iturriagagoitia, 2020). Despite this increased 

interest, however, the implementation and the mechanisms for the effective rolling out of public 

procurement and innovation are not well developed (Uyarra et al., 2020). In this research, 

innovation in the pre-tender project phases of the dominant procurement organization in the 

Dutch infrastructure sector were analyzed. The main findings indicated that the pre-tender 

stages at Rijkswaterstaat are dominated by balancing loops that challenge the allocation of 

resources in exploration activities and aim to keep risks and uncertainty as low as possible 

within projects. This harmed the ability of Rijkswaterstaat to actively pursue the procurement 

of innovations because extra physical space could not be incorporated, changes in time planning 

could not be made and stakeholders and clients could not be included in innovations. These 

findings answer the call for more practical insights into the challenges of public procurement 

and innovations and why these arise.  

11.1 Generalizability of findings 

The MIRT-trajectory and its distinctive phases are highly similar to the five generic phases that 

(construction) projects typically go through (Liu et al., 2015; PMBOK, 2013). Generally, after 

a project’s initiation, it starts with a phase in which aims assessments, feasibility studies and 

concept designs are critical activities. These steps are very similar to those carried out in the 

exploratory phase. The next generic phase is characterized by the creation of a more detailed 

design, planning and tender process preparation and the selection of contractors, which again 

shows many similarities to the activities in the plan development phase. Consequently, while 

only a single organization was considered in this research, the findings are likely to also be of 

value for those involved in other project organizations and who face similar challenges.  

11.2 Managerial implications  

The findings in this research have important implications for the improvement of innovation 

upscaling in the projects of Rijkswaterstaat. It was highlighted that the dynamics in project 

teams in the pre-tender phases of large road infrastructure projects are focused on balancing 

mechanisms. This indicates that, if something does not change, the potential of actively 

including innovation in these phases cannot be reached. Several problematic issues were 

addressed throughout the research.  

Firstly, it was identified that the feed-forward of the knowledge that is created in exploration 

activities within projects is barely transferred and captured at all. This has detrimental effects 
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on the continuity of innovation developments because no knowledge development occurs. The 

reasons that were identified for this issue were the high degree of tacit knowledge that is created 

within projects. Combined with the general challenges with discontinuities that PBOs like 

Rijkswaterstaat face, it is not surprising that there is room for improvement. The context in 

which the organization has to create continuity in knowledge development is among the most 

difficult around. This research does, however, provide valuable insights that can be used to start 

improving the system.  

It is important to acknowledge that in Rijkswaterstaat’s context the feasibility of many 

innovations is highly context dependent. The findings of this research stress the need to capture 

not only the final results of exploration activities but also the process through which new 

knowledge is developed. Doing this can help dealing with the high context dependency of 

innovations. This is highly relevant, knowing that the definitions of upscaling that were taken 

from the EIB report (EIB, 2017), the Innovation Agenda (Rijkswaterstaat, 2019a) focus 

strongly on repeated implementation and increased volume. In chapter 10, an easy example was 

provided in which innovation in infrastructure projects was compared with a set of physics 

equations. Given the ease of understanding this example, this could be a starting point to make 

people realize how knowledge could in fact be effectively transferred.  

Based on the important factors that were identified in the analysis of the feedback acquisition 

and usage in projects a starting set of conditions that should be addressed can be made. For 

example, the client attitude towards innovation strongly influences whether exploration 

activities can be carried out. Consequently, in transferring knowledge about the context in 

which an innovation was created the client attitude should be addressed. Similarly, relevant 

stakeholder influences should be considered, as these can be both important sources and 

hindrances for innovation. Another factor that was widely acknowledged to be important for 

the assessment of an innovation was the road context. In the example of smart mobility 

initiatives, traffic flows needed to be thoroughly analyzed in the preparation of effect 

calculations. In similar fashion, the list can be extended to provide guidance for the knowledge 

capture system.  

Similarly, the creation of a better information management system must be addressed. Because 

knowledge that arises in infrastructure projects is often highly tacit, it is difficult to codify. 

However, this research did identify a number of important factors for innovation that should be 

codifiable. For example, the physical space requirements of innovations were concluded to be 

important to consider in the plan development phase, because in this phase the spatial 

dimensions of the project must be specified with high detail. Spatial requirements are a good 

example of knowledge which is quite explicit and therefore codifiable. Therefore, it should be 

managed as such, because information is much easier to transfer and capture than knowledge. 

Similarly codifiable types of knowledge should be identified and managed.  

It is also interesting to see that the phrase ‘Rijkswaterstaat does not develop innovations itself’ 

was strongly challenged in this research. It was argued that Rijkswaterstaat can, in fact, very 
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well take the role of developer and ‘upscaler’ when it comes to initiatives such as smart mobility 

or internal project material re-usage by adjusting the project planning. This is an important 

insight when considering the increasing theme within Rijkswaterstaat to point to the market for 

the development and implementation of innovations. The results in this also research stress the 

importance of the incorporation of innovation in the exploratory and plan development phases 

of projects. While this trend is relatively new within Rijkswaterstaat, it has been shown that the 

active consideration of innovations can facilitate or even initiate them.  

Finally, the findings of the balancing dynamics within projects give rise to two theories that are 

very relevant for managers and policy makers. Firstly, it can be concluded that without 

improvements in the knowledge management systems, investments into individual projects are 

likely to be money not so well spent. When the knowledge created in exploration activities will 

not result in knowledge development, the return on investment of ‘sponsored’ activities will be 

low because upscaling does not occur. This leads to the important insight that a well-developed 

knowledge and information management system should be seen as a prerequisite condition 

before investments are made into individual innovative projects.  

Secondly, the dynamic model also indicates that the initiation of ‘flagship’ projects in which 

high levels of innovations are desired are not well suited for large infrastructure projects within 

Rijkswaterstaat. Individual projects that focus on very high amounts of exploration activities 

will be challenged by the balancing dynamics present. Instead, the research findings indicate 

that a focus should be put into exploration activities that are coordinated across projects and 

supported by a well-organized knowledge management systems.  

11.3 Future research 

In considering the ability of project teams to acquire feedback and to use this in exploration and 

exploitation activities, this research assumed project teams to be a single collective unit in 

which knowledge is effectively acquired and analyzed. The dynamics within teams are, 

however, important to understand well if knowledge development improves. Within project 

teams of Rijkswaterstaat, this view seems specifically relevant because a two main factors: (1) 

Project teams have clear role divisions (IPM roles) and consist of employees with highly 

differing expertise, and (2) Acquisition currently occurs a lot in personal networks and is, 

accordingly, primarily discipline oriented. Based on these factors, it can be concluded that the 

knowledge bases of individual project members will be highly different. Large differences in 

knowledge bases make knowledge exchange difficult. Therefore, the issue of knowledge 

exchange within project teams is likely to be problematic for an IPM team’s ability to perform 

exploration and exploitation activities. Consequently, future research could provide valuable 

insights by combining the findings of this research with the perspective of internal team 

knowledge exchange dynamics.  

In this research CLDs were created to provide insights into the dynamics of upscaling and 

innovation within projects. However, no real insights could be created into how these dynamics 
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occur across the lifecycle of a project. It was only very shortly addressed how delays in 

information about the effects of risks and uncertainties and lower resource availability for 

exploitation can cause projects to experience heavy shifts in their exploration-exploitation 

balancing. To gain a better understanding of the models presented, as well as to test their quality,  

longitudinal research could look into their applicability throughout the project lifecycle and 

research such dynamics.’ 

Additionally, in relation to the presented dynamics of innovation upscaling across projects, an 

interesting consideration should be the long duration of large infrastructure projects. It can 

several year to move from a decision to incorporate an innovation in the pre-tender stages of a 

project until the final implementation during the project’s realization. These delays likely 

influence the speed in which knowledge can be developed and in which risks and uncertainties 

can reduce as a result of project implementations. Additionally, the delays can cause return on 

investments of exploration activities to take long to achieve. Future research should look into 

how these issues affect the development and upscaling of innovation within and across projects.  

In this research the effect of the different characteristics of innovations (Slaughter, 1998) on the 

upscaling of innovations could not be addressed. Nonetheless, as was argued before, 

characteristics such as the degree of novelty or the way in which other system components are 

affected can strongly influence upscaling. Therefore, further research should look into how the 

theories findings presented in this research apply to innovations based on their specific 

characteristics. 

11.5 Research limitations  

In the early sections of the research the importance of feed-forward into and feedback from the 

industry levels were defined as important mechanisms for the upscaling of innovations. This 

study, however, focused only on the feed-forward from the project to the organizational level 

and on the feedback into the project level. By excluding this level, the influences of for example 

market actors and policy makers were excluded. Additionally, it is often mentioned within 

Rijkswaterstaat that one of the difficulties for the upscaling of innovation is that many actors 

across the construction supply chain might need to adjust to innovations. Such effects that can 

inhibit upscaling were not taken into account in this research. This could have led to an 

oversimplification of dynamics, harming the applicability of the presented CLDs in practice.  

The case study in this research focused on the ability of Rijkswaterstaat’s project teams to 

acquire, analyze and implement feedback. In practice, for many of these practices 

Rijkswaterstaat collaborates closely with engineering firms. The involvement of such firms also 

causes important knowledge and information to be created outside of the boundaries of 

Rijkswaterstaat. This is an important source of internal discontinuities in knowledge 

development for Rijkswaterstaat. The role of such firms is therefore large in processes related 

to feedback and knowledge development, and should be considered for a more complete 

overview of these topics.   
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In this research it was concluded that upscaling does hardly occur across the projects of 

Rijkswaterstaat. This was based on the observations of how knowledge was managed within 

individual projects. The conclusion of limited upscaling was, therefore, mainly a generalization 

of the observations in individual projects. This could make some of the conclusions that were 

drawn in relation to upscaling not true if one were to look at the total system of Rijkswaterstaat 

projects. No clear data on how many innovations do or do not see upscaling was considered in 

this research, nor did it seem available. In the absence of such facts, it remains unclear to what 

degree upscaling does or does not occur in practice, also after this research.  

This research could not adhere to the need for triangulation in qualitative research (Yin, 2018; 

Eisenhardt, 1989). Only interview and project document data could be acquired, as no access 

to meeting notes or meetings could be gained. This harms the validity of the research. 
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12. Conclusion  

Rijkswaterstaat experiences problems with the upscaling of innovations across projects. In this 

research, insights were created on why these problems exist and what can be done to improve. 

The research build its findings on theory of exploration and exploitation, feed-forward and 

feedback flows of knowledge and information and on general theory on innovation in the 

construction sector. 

It was first identified that for projects to actively seek feedback for innovation a difference 

needs to exist between the desired performance and the performance that would be achieved by 

using conventional methods. For acquisition activities, project teams dominantly searched for 

information and knowledge in their personal networks because this was perceived to be the 

quickest and easiest way to acquire knowledge and information.  

Next, to was found that in analyzing feedback projects actively need to balance between 

exploitation and exploration activities. This was mainly caused by the focus of clients on 

completing project milestones in time and the limited availability of resources for exploration 

activities. In implementing feedback , one of the main factors for projects in both the 

exploration and plan development phases was the reservation of additional physical space for 

innovation in the phase’s project delivery. This can, however, be difficult because of the tension 

between the uncertainty association with innovations and the need to adhere to legal obligations. 

The overview of innovation potential also enabled projects to improve their functional 

requirements and to potentially prescribe a desired solution. 

As an explanation for the problems with upscaling, it was concluded that the low quality of 

feed-forward and feedback mechanisms, combined with the high complexity and uniqueness of 

projects, greatly harms upscaling processes across the projects of Rijkswaterstaat. The findings 

indicate that projects teams are, quite simply, often not aware of innovations that have been 

researched or developed recently. When related to the dimensions of upscaling, it can be 

concluded that projects work mainly on the development of innovations and innovative ideas, 

but the replication, assimilation and transformation stages do only seldom occur. 

Several recommendations were made. Firstly, there is a strong need for an improved knowledge 

and information management system to facilitate knowledge development. Rijkswaterstaat 

should put more efforts into creating institutionalized knowledge sharing mechanisms for feed-

forward and feedback within the organization. Both the resources required for the acquisition 

of feedback and for the (exploration) activities to process it then would decrease. To 

accommodate these processes, project teams also need to become better at finding a balance 

between exploration and exploitation activities. Currently, the focus is often on opposite sides 

of the exploration-exploitation continuum. For upscaling to occur, activities along the 

continuum would be required. Lastly, it was stressed that in knowledge development not just 

the final results of exploration activities should be managed, but also the specific context in 

which the activities were carried out to address the context dependency of feasibility. 
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