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I. Abstract 

Context – The innovation capability on firm-level is a widely discussed topic. However, it is still hard 

to define, assess and improve this organizational capability.  

Objective – The aim of this study is to develop and validate a holistic, firm-level Innovation 

Capability Maturity Model (ICMM) which balances academic rigidness and practical applicability. 

The ICMM aims to describe the core components of the innovation capability of an organization. 

Method – We applied the design science research (DSR) methodology in order to develop the ICMM. 

The initial version of the model was derived from the analysis of 51 proposed innovation capability 

maturity/assessment models in the existing academic literature. Next, we took the initial model as a 

basis and executed a Delphi study consisting of three rounds with nine domain experts to develop a 

final model. For validation, we gathered survey data of 90 organizations and applied Partial Least 

Squares Structural Equation Modelling (PLS-SEM) to analyze the relationship between the innovation 

capability maturity of the organization and innovation performance. Finally, through Qualitative 

Comparative Analysis (QCA), we analyzed the survey data to explore high-performing innovation 

archetypes. 

Results – We created insight into the interactions among the ICMM main elements, proving that 

innovation capability maturity is a complex construct including diverse inter-dependencies. We 

validated the ICMM through a model that features the main elements of the ICMM and shows a 

significant relation to organization’s innovation performance. Furthermore, we found that there are 

various possible combinations of ICMM main elements (archetypes) leading to high innovation 

performance, in which each archetype depicts high maturity in at least two of the ICMM main 

elements.  

Contribution - We contribute to the standardization of the current academic literature by proposing an 

empirically validated ICMM that presents the core elements of innovation capability of an 

organization. The ICMM has potential to offer a direct contribution in practice. It can act as a 

practical tool for organizations to self-assess their innovation capability and related elements to 

identify directions and opportunities for improvement.  
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II. Executive Summary 

Introduction 

To adapt to the dynamic changes in the environment, organizations are required to consistently and 

structurally innovate (Maidique & Patch, 1982). According to management scholars, the capability to 

innovate is considered essential for firm performance and organizational competitiveness (McAdam 

& Keogh, 2004; Mone, McKinley, & Barker, 1998). Academic literature frequently addresses that 

organizations should improve their innovation capability, but it offers limited guidance on how it can 

be assessed and improved (Smith, Busi, Ball, & Van der meer, 2008). These issues lead to the 

question of how to measure the innovation capability of organizations and guide them in its 

improvement. 

Although a significant number of maturity/assessment models have been proposed for assessing and 

improving an organization’s innovation capability on the firm-level, the research and practice on this 

topic is still in its emergence, characterized by a scarcity of empirical validation (Tarhan, Turetken, & 

Reijers, 2015). This hinders the wide-spread acceptance of these models, resulting in the absence of a 

commonly accepted model in the academic literature (Arends & Turetken, 2018). Therefore, we 

respond to this research gap by:  

 performing a systematic literature review (SLR) on the models that have been proposed in the 

academic literature,  

 synthesizing a model grounded on the existing models, 

 refining and improving the model by incorporating expert opinion via a Delphi study, and  

 empirically validating the model using a survey.  

We refer to this model as the ‘Innovation Capability Maturity Model (ICMM)’, finding its theoretical 

basis in the Resource Based View (RBV), by focusing the attention on the organization’s internal 

resources in order to obtain competitive advantage (Barney, 1991).  

In addition, we used the ICMM and survey data to identify common elements of organizational 

innovation capability (i.e., archetypes) that collectively lead to a high innovation performance.  

Research Design 

In developing the ICMM, we applied the design science research (DSR) methodology and followed 

the DSR lifecycle steps proposed by Peffers, Tuunanen, Rothenberger, & Chatterjee (2007). 

Accordingly, we performed a systematic review of the innovation capability maturity (or assessment) 

models proposed in the existing academic literature. Based on a thorough analysis of these models, we 

synthesized an initial version of the ICMM consisting of a set of key elements that constitutes an 

organization’s innovation capability. These elements include, for instance, innovation strategy, 

ecosystem, culture, and process & governance. Next, we executed a Delphi study consisting of 3 

iterations with 9 field experts to refine and streamline the ICMM and ensure its relevance and content 

validity. Finally, we conducted a survey to investigate the relation between the level of innovation 

capability of an organization - as measured using ICMM- and its innovation performance.  

Innovation Capability Maturity Model 

The ICMM aims to feature the generalizable best practices of the organizational innovation capability. 

This is in line with the theory of Moore (2005), who compared innovation to evolutionary theory. He 

argues that the essence of innovation is the same in each organization, regardless of their 

characteristics. We should note that we do not discount the complexity of innovation and nuances that 

it poses in different domains and industries, and in organizations of varying sizes, but merely aim to 

capture the essential elements of the innovation capability that are common across these differences. 
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An overview of the Innovation Capability Maturity Model (ICMM) is depicted in Table 0.1. ICMM 

features six main elements, seventeen sub-elements, and five maturity levels per sub-element. 

Table 0.1 The Innovation Capability Maturity Model without maturity levels 

Main Element Sub-element 

Vision & Strategy Strategic Plan 

Understanding Trends 

Communication & Roll-out  

Value Network External Partners 

Internal Knowledge Network 

Open Innovation 

Process & Governance Innovation Process 

Portfolio Management 

Governance 

Results & Feedback Measurable Results 

Organizational Learning 

Resources People 

Time & Budget 

Support Tools 

Culture Leadership & Inspiration 

Cross-functional Collaboration 

Tolerance of Failure 

 

The Vision & Strategy element includes the existence of an innovation vision and strategy, the ability 

of the organization to scan and select trends, and the way that the innovation strategy is known and 

incorporated in the day-to-day operations of employees. 

The Value Network element exists out of the external network of the organization, its internal 

knowledge network in the organization, and its ability to transfer knowledge across organizational 

boundaries for innovation purposes (open innovation). 

The Process & Governance focuses on the presence of a formal innovation process. Corresponding to 

this process, it is vital to manage the portfolio of different innovation projects in a holistic manner. 

Finally, the way that the organization is governed also influences its innovation capability.  

The Results & Feedback element describes how innovation results are used in terms of learning 

outcomes and metrics. 

The Resources element describes the degree to which several resources (people, time, budget and 

support tools) are dedicated to innovation. This element has also been identified as a key determinant 

to service innovation performance in the meta-analysis of Storey et al. (2016).  

Finally, the Culture element describes how the organizational culture stimulates innovation initiatives 

among employees. 

Organizations can use the ICMM to self-assess the as-is situation of their innovation capability, and to 

guide them in their efforts to improve it. A visual presentation of the ICMM is depicted in Figure 0.1. 
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Figure 0.1 High level visual presentation of the ICMM 

Evaluation of the ICMM and Discussions 

To empirically evaluate the ICMM, we performed a survey with the participation of 90 organizations. 

The objective of the evaluation was to validate that a higher maturity of innovation capability leads to 

a better innovation performance of an organization. We also aimed to create more insight into the 

interactions among the ICMM main elements. For this purpose, we applied the PLS-SEM analysis 

technique on the survey data. The final model setup and its results are depicted in Figure 0.2. 

The PLS-SEM analysis indicates that organizations that emphasize on organization learning and 

embrace a measurement-oriented approach are more likely to invest in the development of an 

innovation strategy, which in its turn triggers an organization to invest in its resources, cherish a 

culture of innovation, and establish relevant process and governance structures. The efforts in 

strengthening of the innovation process and governance structures, and the nurturing of an innovative 

culture, pay off as an increase in the innovation performance. 
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Figure 0.2 Final model setup PLS-SEM Analysis (after bootstrapping procedure) 

As a further step, we used the survey data to identify archetypes that refer to typical combinations of 

ICMM elements that highly innovative organizations exhibit. Our analysis resulted in five high-

performing innovation archetypes, indicating that the success in innovation performance does not 

follow a single path, but improving a different combination of innovation capability elements can be 

possible for a high performance of innovation. Interestingly, all archetypes depict high maturity in at 

least two ICMM main elements, in which the element resources depicts high maturity in four out of 

five archetypes.  

Conclusions 

This research extends the body of knowledge on the academic literature of innovation in several ways. 

First, the study responds to the divergence of the innovation capability maturity and assessment 

literature by proposing a holistic, unified innovation capability maturity model that aims to 

incorporate the core elements of the organizational innovation capability.  Furthermore, this study 

distinguishes itself from innovation best practice literature such as the meta-analyses of Evanschitzky 

et al. (2012) and Storey et al. (2016) by creating insight in the combination of innovation drivers 

leading towards innovation performance, rather than treating each innovation driver as an isolated 

construct. We have grouped, presented and translated the core elements (drivers) of innovation 

together with indicators that describe the characteristics of an organization at each maturity level. 

Finally, we created new insights by identifying specific archetypes of innovation capability elements 

leading to high-performing innovation. We find that there is no unique, pre-defined path towards 

innovation performance, but that there are multiple roads towards innovation success. 

This research also has several implications for practice. Practitioners can employ the ICMM for three 

purposes: creating awareness in organizations regarding innovation, assessing the as-is situation of the 

innovation capability, and guiding and monitoring the efforts for its improvement. The practitioners 

can also identify the most appropriate ICMM archetype that can be taken as a reference to channel the 

efforts in determining the core elements that require immediate attention for improvement. In 

addition, for the improvement of the core elements, the strong interactions that we identified between 

these elements should also be taken into consideration.  

Our study also identifies opportunities for future research. Given the complexity and wide coverage of 

this field, we advise future researchers to extend, apply and further validate the ICMM in specific 

contexts and domains. The studies using ICMM, for instance, in high or low technology intensive 
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industries, in SME or large enterprises, or in product or service industries, can provide further insight 

into how these organizations are characterized in terms of their innovation capability. These efforts 

would also strengthen the validity and applicability of the ICMM in different domains and settings. 

Future research should also study the theoretical underpinnings of the empirically derived innovation 

archetypes and further investigate the usefulness of employing such innovation archetypes in practice 

in diverse business contexts. Finally, future research should empirically investigate whether some 

ICMM main elements become more important than others when an organization is highly mature in 

its innovation capability.  
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1. Introduction 

To adapt to the dynamic changes in the environment, organizations are required to consistently and 

structurally innovate (Maidique & Patch, 1982). According to management scholars, the capability to 

innovate is considered essential for firm performance and organizational competitiveness (McAdam 

& Keogh, 2004; Mone et al., 1998). This insight has stimulated the emergence of a large body of 

literature on the organizational innovation capability.  

Academic literature frequently addresses that organizations should improve their innovation 

capability, but it offers limited guidance on how it can be assessed and improved (Smith et al., 2008). 

The intangible nature of this phenomenon makes it even more difficult to translate it into practical 

application (Albaladejo & Romijn, 2000). These issues lead to the question of how to measure and 

improve the innovation capability of different organizations in the development of their innovation 

capabilities.  

In the last decade, researchers and practitioners have proposed maturity models or frameworks to 

assess and improve organizations’ capabilities. A maturity model is a conceptual model that 

characterizes a set of capabilities for a particular business domain or aspect, and describes an 

anticipated, desired, or typical evolutionary path for these capabilities (Tarhan, Turetken, & Reijers, 

2016). The concept of maturity models has been adopted by various disciplines. For example, 

Capability Maturity Model Integration (CMMI) (CMMI Product Team, 2002) is being used in the 

area of software engineering since mid-90s by hundreds of organizations worldwide as a means to 

improve software development processes to achieve higher software product quality.  

Although a significant number of maturity models have been proposed for assessing and improving an 

organization’s innovation capability on the firm-level, the research and practice on this topic is still in 

its emergence, characterized by a scarcity of empirical validation (Tarhan et al., 2015). This hinders 

the wide-spread acceptance of these models, resulting in the absence of a commonly accepted model 

in the academic literature (Arends & Turetken, 2018). Therefore, we respond to this research gap by:  

 performing a systematic literature review (SLR) on the models that have been proposed in the 

academic literature,  

 synthesizing a model grounded on the existing models, 

 refining and improving the model by incorporating expert opinion via a Delphi study 

 empirically validating the model using a survey.  

We refer to this model as the ‘Innovation Capability Maturity Model (ICMM)’, finding its theoretical 

basis in the Resource Based View (RBV), by focusing the attention on the organization’s internal 

resources in order to obtain competitive advantage (Barney, 1991).  

In developing the ICMM, we applied the design science research (DSR) methodology and followed 

the DSR lifecycle steps proposed by Peffers, Tuunanen, Rothenberger, & Chatterjee (2007). 

Accordingly, we first performed a systematic review of a large number of existing innovation 

capability maturity (or assessment) models proposed in the academic literature. Based on a thorough 

analysis of these models, we synthesized an initial version of the ICMM consisting of a set of key 

elements that constitutes an organization’s innovation capability. These elements include, for 

instance, innovation strategy, ecosystem, culture, and process & governance. Next, we executed a 

Delphi study consisting of 3 iterations with 9 field experts to refine and streamline the ICMM and 

ensure its relevance and content validity. To empirically evaluate the ICMM, we performed a survey 

with the participation of 90 organizations. The objective of the evaluation was to validate that a higher 

maturity of innovation capability leads to a better innovation performance of an organization. We also 

aimed to create more insight into the interactions among the ICMM main elements. As a further step, 

based on the survey data, we identified archetypes that refer to typical combinations of ICMM 
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elements that organizations, performing high in innovation performance, exhibit. We identified five of 

these archetypes, from which each of them depicts high maturity in at least two ICMM main 

elements. 

The remainder of this report is structured as follows: In the next section, we provide the theoretical 

background on the firm-level models proposed for innovation capability maturity and assessment. We 

describe our research design of this study in section 3. In section 4, we describe the final Innovation 

Capability Maturity Model in detail, and section 5 highlights the results of the model validation. In 

section 6 we discuss the limitations as well as the topics for future research. Finally, we present our 

conclusions.  

1.1 Assignment and contribution of KPMG Innovation Advisory 

This research has been commissioned by the KPMG Innovation Advisory Department, which 

identified the need for further development and empirical validation of its innovation capability 

maturity/assessment model. This model was further developed into the model described in this 

research (ICMM). The department has contributed significantly to the development of the final 

version of the ICMM by participating as a member in the Delphi expert panel, and to the efforts for 

reaching out to the companies that responded to our survey. 
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2 Background and Related Research 

In this section, first, we provide a brief overview of the systematic literature review that we performed 

on organizational innovation capability and related maturity/assessment models. Next, we discuss 

related research on the link between innovation capability and firm performance, and relevant 

initiatives in practice as reported in the grey literature (non-academic) on maturity/assessment models. 

2.1 Systematic Literature Review on Innovation Capability Maturity Models  

In order to obtain an overall understanding of the existence, characteristics, and use of maturity 

models for the firm-level innovation capability, and to synthesize a unified model, we conducted a 

systematic literature review (SLR). An SLR is a means of evaluating and interpreting all available 

research relevant on a particular research topic, or phenomenon of interest (Webster & Watson, 2002). 

It represents the foundation to strengthen the research in a particular field of study. In the next sub-

sections, we elaborate on the research method used to conduct the SLR, and present a summary of the 

results. 

2.1.1 Research Method for conducting the SLR 

In performing the SLR, we used Kitchenham & Charters (2007) as our guideline. Figure 2.1 presents 

a visual overview of the procedure we performed and its refinement steps. We searched and examined 

the studies performed between the years 2006 and 2017 in four academic digital libraries (Science 

Direct, Web of Science, Scopus, and Google Scholar) and published in the form of journal 

publications, book chapters, and conference proceedings. We did so by using the following search 

string: 

(innovation OR innovativeness OR 'innovation capability' OR 'innovation ability' OR 'innovation 

capacity') AND (maturity OR (maturity AND model) OR assessment OR (assessment AND matrix)) 

Out of 1108 studies initially retrieved, 55 primary studies were finally selected in accordance to our 

selection procedure and criteria. Details regarding the applied SLR method and results are available in 

SLR:A_Model_Comparison_Study_of_firm-

level_Innovation_Capability_Maturity_and_Assessment.pdf. 

2.1.2 The Firm-level Innovation Capability 

In this section, we discuss the concept of organizational innovation capability as referred to in the 

academic literature. Next, we highlight the definition we used as a basis for developing the ICMM. 

In the SLR, we identified a variety of perspectives adopted in defining the term ‘organizational 

innovation capability’. The first perspective regards the term as an organizational ability to innovate 

or produce innovative outcomes. For instance, Donovan et al. (2015) define the innovation capability 

as ‘the inclination for the organization to engage in innovative behavior’. The second perspective 

provides more thorough definitions with special focus on the concepts of innovation and innovative 

outcomes. For example, de Oliveira, de Freitas de Carvalho Lima, Ferreira, & Pereira (2011) define 

the capability to innovate as ‘the presence or absence of a series of factors that generate new products, 

services, and processes, when combined effectively’. The final perspective of definitions highlight the 

necessity of novelty or future customer needs. Nair, Kumar, & Ramalu (2014) adapt this perspective 

and define the innovation capacity to be the collective ability of a firm to look into the future through 

the eyes of the customer and reengineer products and services accordingly. 

In this study, we follow the definition by Kianto (2008), who, in our opinion, adopts the most 

elaborate and all-inclusive definition that touches multiple perspectives. He describes the innovation 

capability as: ‘the ability of the firm to produce learning and innovation outcomes, that is, new 

products, processes and insights, and thereby to adapt to external changes as well as to create change 

from within the organization’. 
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Figure 2.1 Refinement steps of the SLR procedure and the resulting number of studies 

 

2.1.3 Proposed Maturity Models for Innovation Capability 

Maturity modelling originates from the Capability Maturity Model Integration (CMMI Product Team, 

2002) which was first applied in the software engineering domain to improve software development 

processes. Since then, maturity models have been widely applied in multiple domains such as 

Business Process Management, IT and Knowledge Management (De Bruin, Freeze, Kaulkarni, & 

Rosemann, 2005). A maturity model aims to guide the assessment and improvement of maturity (or 

level of competency, capability) of an organization and exists out of a certain set of criteria which can 
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be scored on a pre-set scale (De Bruin et al., 2005; Gottschalk, 2009). This scale most popularly 

consists of a 1 to 5 Likert scale in which the number 5 represents the highest level of maturity. The set 

of criteria and the corresponding maturity levels together form a logical path for further improvement 

(Pöppelbuß & Röglinger, 2011; Tarhan, Turetken, & Reijers, 2016).  

The advantage of a maturity model in comparison to other types of tools such as questionnaires or 

assessment models, is the notion that a maturity model is useful for both assessing the as-is situation 

and for guiding the improvement towards the desired state of an organization (De Bruin et al., 2005). 

However, these models are not without criticisms. For instance, researchers argue that a maturity 

model can oversimplify reality (De Bruin et al., 2005) and that many lack empirical evidence 

(Benbasat, Dexter, Drury, & Goldstein, 1984; McCormack et al., 2009; Tarhan et al., 2015).  

This section summarizes the innovation capability maturity/assessment models proposed in the 

academic literature. We elaborate on the number of proposed models, and the classification of the 

primary focus of each investigated study. 

2.1.3.1 Proposed models  

From the 55 primary studies investigated in our SLR, we identified 51 different maturity/assessment 

models that aim to assess a particular aspect or the overall firm innovation capability. The models that 

are cited mostly include the ‘Innovation Measurement Capability and Effects framework’ of Saunila 

& Ukko (2012), the ‘Open Innovation Maturity Framework’ of Enkel, Bell, & Hogenkamp (2011) and 

the ‘Innovation Capability Maturity Model’ developed by Essmann (2009). The list of these 51 

models sorted with respect to the number of citations they have received is given in Appendix B. Our 

findings based on the academic literature indicate that none of these models is wide-accepted and 

applied in practice. This notion, in combination with the large number of proposed models, represents 

the divergence in this research area. Despite a considerable number, the research in this field can be 

regarded to be at an early phase.  

2.1.3.2 Primary focus of investigated studies 

In our SLR (Arends, Türetken, & Gramberg, 2018), we indicated the primary focus of each study 

investigated with respect to the maturity model. We identified 4 primary focuses: new model 

development, validation of an existing model, application of an existing model, and studies that 

provide brief description and/or comparison of models. Figure 2.2 shows the distribution of these 

studies in years and focus of attention. As shown in the figure, the focus of assessing firm’s 

innovation capability is mainly on model development. On the contrary, there is limited attention on 

model validation. 

2.1.3.3 Validation of proposed models 

We found that among the studies that focus on model development, 37% is conceptual in nature, i.e., 

they incorporate no or limited initial validation to evaluate the proposed model. Studies that take a 

design-oriented approach (including initial validation) use mostly qualitative approaches (e.g., case 

studies) as a method of validation. This is followed by questionnaires. 
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Figure 2.2 Main Research Focus: Distribution within the primary studies of the SLR of Arends, Türetken & Gramberg 

(2018) 

Only 4 out of 55 primary studies focus specifically on model validation (See Figure 2.2). For instance, 

Alves, Barbieux, Reichert, Tello-Gamarra, & Zawislak (2017) validated a framework for assessing 

the innovation capability as a dynamic capability of the firm. They did so by empirically testing an 

existing framework with a survey of 1107 Brazilian manufacturing firms and found that ‘ordinary 

capabilities’, as opposed to dynamic capabilities (such as the innovation capability), have the least 

influence on innovation. Caird, Hallett, & Potter (2013) took an innovation measurement tool, adapted 

from the ‘Summary Innovation Index’ for measuring national innovation performance, and validated 

it by executing a workshop with 20 participants who evaluated the tool afterwards. Translating a 

national-level to a firm-level model, Mihić et al. (2015) applied the Croatian Innovation Score to an 

organizational context with questionnaires among 134 manufacturing companies. They discovered 

that a higher degree of innovation within an organization significantly relates to its business 

excellence. Finally, Peisl & Schmied (2012) validated their model through case studies, yet calling for 

a more thorough validation of their conceptual framework.   

2.1.4 Core Elements of the Proposed Innovation Capability Maturity/Assessment Models 

As a next step in our SLR, we thoroughly analyzed each proposed model for its core elements 

constituting innovation capability. Table 2.1 shows an overview of elements proposed by primary 

studies, together with proposed sub-elements. Each number represents the study ID of a primary study 

from the SLR, which includes the corresponding element in its model. A list of primary studies and 

their corresponding study ID’s can be found in Appendix A.  

The details regarding the core elements and sub-elements are presented in 

SLR_A_Model_Comparison_Study_of_Innovation_Capability_Maturity_and_Assessment.pdf.  
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Table 2.1 Overview of model elements and sub-elements supported by primary studies from the SLR (by study ID) 

In the following sections, we provide a background on the innovation capability maturity/assessment 

models proposed in the grey (non-academic) literature, the relation of the innovation capability and 

firm performance, and the concept of innovation archetypes (i.e., a stereotypical pattern of innovation 

capability maturity element scores).  

Model element Sub-element 

Innovation Strategy 

 (3, 4, 6, 7, 9, 10, 11, 12, 16, 20, 22, 24, 25, 27, 28, 

29, 30, 34, 36, 37, 38, 39, 43, 45, 46, 47, 50, 51, 

52, 53, 54, 55)  

Existence and Communication of Innovation Strategy (3, 6, 15, 22, 28, 

29) 

Market Scanning (3, 15, 16 , 22, 24, 33, 54) 

Areas of Focus (4, 22, 25) 

Resource Allocation (7, 25, 45) 

Innovation Ecosystem  

(1, 3, 5, 6, 7, 8, 10, 11, 12, 14, 17, 19, 22, 24, 27, 

28, 29, 30, 31, 33, 45, 48, 49, 52) 

External Linkages (1, 3, 5, 6, 7, 8, 10, 11, 12, 14, 17, 19, 22, 24, 27, 

28, 29, 30, 31, 33, 45, 48, 49, 52) 

Absorptive Capacity (5, 19, 41) 

Internal Ecosystem (5, 8, 11, 19, 29) 

Process & Governance 

 (3, 4, 6, 7, 8, 9, 10, 11, 12, 14, 15, 19, 20, 22, 24, 

25, 27, 28, 29, 30, 31, 33, 34, 37, 41, 42, 43, 45, 

46, 47, 48, 49, 50, 51, 52, 53) 

Existence of formal innovation process (2, 6, 8, 20, 24, 25, 43, 46, 53) 

Project Management (24, 46, 53) 

Portfolio Management (3, 6, 15, 20, 27) 

IT support tools (8, 9, 24, 30, 31, 45, 46) 

Management techniques and practices (4, 45, 46) 

User Involvement within the process (7, 15) 

R&D Department (7, 13, 15, 49) 

IP Management (10, 42) 

Organizational Structure (9, 22, 46) 

 Organizational Learning 

(3, 6, 15, 22, 29, 31, 34, 42, 43, 45, 47, 50, 52) 

Constant learning ability (3, 6, 22, 29) 

Fact-based criteria system (3, 22, 34, 45, 50) 

Sharing innovation achievements (47, 50) 

Innovation Culture 

(1, 3, 5, 6, 9, 11, 13, 15, 16, 17, 19, 20, 24, 26, 28, 

29, 30, 31, 34, 40, 46, 47, 48, 49, 50, 51, 53, 54, 

55) 

Trust (3, 15, 46) 

Risk taking (3, 15) 

Motivation and empowerment (3, 29, 15) 

Tolerance of failure (15, 17, 52) 

Leadership (19, 30, 47, 48) 

Collaboration (9, 15) 

Reward System (29, 52) 

Technology (4, 14, 24, 31, 33, 34, 40, 49, 54) Technological Capability & Management (4, 24, 34, 41) 

Knowledge Management 

 (3, 7, 8, 29, 31, 49) 

External knowledge acquisition (3, 29) 

Knowledge sharing (3, 29) 
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2.2 Innovation Capability Maturity/Assessment Models in the Grey Literature 

The practical nature of the artifact makes it worth to consider investigating the innovation capability 

maturity/assessment models that are most commonly used in practice (or referred to in the grey 

literature).  

In 2008, a series of European ISO standards for innovation management have been developed, 

derived from several national best practices (Casanove et al., 2017). One of these ISO standards, EN 

16555 consists of an innovation management assessment. It relies on the PDCA (plan-do-check-act) 

structure, so it can be integrated within other standardized business management systems existing in 

organizations. The ISO 50500 series, describing the global standard for innovation management, is 

under development and will be released later this year. This ISO standard will include ISO 50502, 

which describes an innovation management assessment.  

The IMP3rove innovation management assessment tool was initiated to accelerate the global 

competitiveness of Europe through innovation (IMP
3
rove, 2018). It is mainly focused on small- and 

medium-sized enterprises. The tool has been used by almost 5000 SME’s, which is the largest and 

most up-to-date database in Europe. The tool assesses the following innovation management areas: 

Innovation Strategy, Innovation Organization and Culture, Innovation Lifecycle Management, 

Innovation Enabling Factors and Innovation Results.  

The Innovate2Succeed (I2S service - Oxford Innovation) offers small- and medium-sized enterprises 

insights in their innovation management capability by assessing leadership, innovation processes, 

organizational context, performance & improvement, and people & planning (Oxford, 2018). It is 

funded by Innovate UK and the European Regional Development Fund.  They have helped over 6000 

SME’s from a wide variety of sectors to improve their innovation management capability.  

The Innovation Scoring System (a free and online innovation assessment tool) is developed by 

COTEC Portugal, with the goal to increase the competitiveness among local organizations in Portugal 

by stimulating the creation of a culture and practice of innovation (COTEC, 2017). It assesses the 

innovation capability in five dimensions: strategy, organization, process, enhancers, and impact. 

The Planview Innovation Management Maturity Model assesses the innovation capability of the 

organization in terms of strategy, people, processes and tools (Planview, 2018). It is a free online tool, 

used by over 700 organizations in order to assess their maturity level of innovation management. 

In addition to abovementioned models, there is a plethora of similar models in the grey literature, 

which confirms the practical relevance and need for an innovation capability maturity model. It is also 

interesting to note that none of these models is referred to in the primary studies that we analyzed in 

our SLR. This makes the traceability of these models’ origin rather difficult. Moreover, the grey 

literature put no emphasis on the evaluation of these models, which hinders their validity.  

2.3 Innovation Capability, Innovation Performance and Firm Performance  

In this section, we discuss relevant research on the relation between the organizational innovation 

capability (IC), innovation performance (IP) and firm performance (FP).  

Several studies have found a significant positive relationship between the innovation capability and 

firm performance [e.g., (Calantone, Cavusgil, & Zhao, 2002; Klomp & Van Leeuwen, 2001; Mihić et 

al., 2015; Saunila, Pekkola, & Ukko, 2014).] Mone, McKinley, & Barker (1998) argue that the 

innovation capability is the most important determinant for firm performance. Calantone et al. (2002) 

find that the competitive advantage is built on firm innovativeness, in particular the aspects of having 

a full understanding of customer needs, competitors’ actions and technological development. They 

argue that this understanding is made possible by organizational commitment to learning. They 

operationalize firm performance in terms of return on investment, return on asset, return on sales, and 

overall profitability. Saunila et al. (2014) find that the relationship between innovation capability and 

firm performance is partly moderated by performance measurement. So, firms that measure the 

aspects of the innovation capability are more likely to actually possess a higher maturity level of the 

innovation capability, which in its turn impacts the firm’s overall performance. They use a financial 
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and operational performance variable to measure the firm’s overall performance. However, these 

studies that investigate this relationship operationalize the constructs using different indicators, 

making it hard to generalize findings. 

In the empirical studies on the innovation capability models and firm performance, the majority study 

only the direct link between the abovementioned two constructs. Innovation result or performance is 

often not included in the analysis. One study that does incorporate the Innovation Performance as an 

intermediate factor between IC and FP is the study of Rajapathirana & Hui (2017). They find a strong 

empirical evidence for the relationship between innovation capabilities, innovation performance and 

firm performance within the insurance industry. Crossan & Apaydin (2010) suggest in their structured 

literature review that it is necessary to survey the mediating role of innovation outcomes in this 

relationship in order to understand how the innovation capability is linked to firm performance. 

In brief, many studies report a direct positive link between the innovation capability and firm 

performance, showing that it is valuable to develop the innovation capability to increase performance. 

However, we emphasize that it is difficult to generalize the findings due to the different ways in 

which performance is operationalized.  

2.4  Innovation Archetypes 

Maturity models can guide managers to create insight into the level of development in several 

organizational properties and capabilities. However, from a management perspective, it is more 

comprehensible to understand structures and management systems in terms of overall patterns instead 

of analyzing a set of organizational properties (Greenwood & Hinings, 2017). In other words, 

managers in an organization will be able to identify themselves faster and more easily in a 

stereotypical kind of behavior rather than in the combination of model elements of a maturity model. 

Such a set of different stereotypical kind of behaviors can be defined as archetypes. Archetypes 

represent a typology of organizations which are classified according to similarities and differences in 

their characteristics (Van de Ven, A., & Drazin, 1985).  

The innovation archetype literature is still in its explorative phase. The studies by Prange & 

Schlegelmilch (2010) are among the first to conceptually identify innovation archetypes. They 

distinguish eight types of innovators based on two organizational elements: innovation type 

(exploratory, exploitative) and coordination design (peripatric, structural, contextual, punctuated). 

Bessant, Lamming, Noke, & Phillips (2005) define two different types of innovation management 

archetypes: the steady state archetype and the discontinuous archetype. Keupp & Gassmann (2009) 

focus their research more on open innovation, discovering four types of archetypes based on empirical 

data: isolationists, scouts, explorers and professionals. These four archetypes are identified based on 

the breadth and the depth score of open innovation activities.  

Considering the scarce and conceptual background of innovation archetypes research, and the 

practical usefulness of these archetypes complementary to an innovation capability maturity model, 

we recognize a need for the identification of innovation archetypes derived from empirical data. 

2.5 Summary of the background and related research 

The SLR we conducted depicts a divergent research area that is associated with a scarcity of 

(empirical) validation studies. Therefore, we recognize:  

1. the need for a unified innovation capability maturity model  

2. the need for model validation, in particular using empirical methods.  

We aim at addressing the first need by developing a synthesized model as a basis for this research. 

Furthermore, we add additional insights in the innovation capability field by (4) recognizing the 

practical need for an ICMM, because of the many initiatives that exist in non-academic literature, (5) 

emphasizing the importance of the innovation capability in relation to innovation and firm 

performance, and finally (6) the opportunity to complement a maturity model with innovation 

archetypes to create a better understanding of the innovation capability among managers in the 

practical field. 
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3 Research Design 

As for designing and evaluating our artifact – ICMM, we adopted the design science research (DSR) 

methodology (Baskerville, Pries-Heje, & Venable, 2009; Gregor & Hevner, 2013; Hevner, March, & 

Park, 2004). We particularly followed the DSR lifecycle steps proposed by Peffers, Tuunanen, 

Rothenberger, & Chatterjee (2007) as it is a commonly used process that is built upon previous 

approaches (Gregor & Hevner, 2013). In this process, we departed from the design & development 

phase, since our research was driven by an initial version of a model that is synthesized from existing 

models in the academic literature. We describe the research design in detail in the next sub-sections.  

Figure 3.1 presents an overview of our research design, structured into two phases. In the first phase 

we have focused on model development, which takes the synthesized initial version of the model 

(described in Section 3.1) as input. This model has been developed further by the execution of a 

Delphi-study, where we refined/re-defined the key elements and sub-elements of the ICMM, and the 

characteristics of organizations regarding each sub-element at each maturity level. This resulted into a 

re-designed final version of the artifact, which was used as input for the evaluation phase. For the 

evaluation of the ICMM, we focused on its validity and sought for evidence for a correlation between 

an organizations maturity level in the main model elements and its level of innovation performance. 

To this end, we conducted a survey with participants from a set of organizations, many of which 

operate in the Netherlands.  

3.1 Development of the initial version of the ICMM 

Given the large number and diversity of ICMMs introduced and applied in the academic literature, we 

identified the need for a holistic overview of the elements that can collectively be considered in 

assessing the innovation capability of organizations. Therefore, we proposed a synthesized model that 

integrates elements that are referred to in the academic literature. This model has been used as a basis 

for our research.  

In constructing the integrated model, we aimed at developing a practical model that can be efficiently 

and effectively applied in practice. Hence, our objective was to focus on the core elements of the 

innovation capability, rather than proposing an all-inclusive/exhaustive model with limited 

applicability or usability. As a result, we established a strategy to be applied in including (or 

removing) elements in (from) the base model depicted in Table 2.1 that comprises elements derived 

from the existing literature. In doing so, we have defined an inclusion threshold for the number of 

primary studies that support each main and sub-element. This threshold is based on our ambition to 

create a model that balances complexity and completeness. Accordingly, we have defined that such a 

balanced model should contain 5-8 main elements, which are each divided into 2-4 sub-elements. This 

resulted into the following thresholds for elements to be included in the integrated model: 

- A main element should be supported by at least 8 primary studies of the SLR, and  

- A sub-element should be supported by at least 4 primary studies of the SLR. 

When a main element was supported by 7 or less primary studies, we considered whether we can 

include the element in another same-level element or combine elements into a common cluster. We 

followed the same strategy for the sub-elements supported by 3 or less primary studies.  

Table 3.1 presents the model resulting from this refinement strategy. The initial version of the model 

consists of six main elements and sixteen sub-elements. A detailed description of each main element 

and the justifications regarding the development of this initial model is given in Appendix C. 
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Figure 3.1 Research Methodology based on Design Science Research lifecycle of Peffers et al. (2007) 
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Table 3.1 Proposed composition of elements for assessing the organizational innovation capability derived from academic 

literature (initial version of ICMM) 

Element Sub-element Definition 

Innovation strategy Innovation strategy & 
communication 

The presence of an innovation strategy and the 
communication of this strategy throughout the firm. 

Trends & development The extent to which market- and customer needs are 
scanned and used in innovation activities. 

Innovation ecosystem  External linkages  The extent to which the firm is involved in 
collaboration with potential innovation partners or 

networks such as start-ups, research institutions and 

other organizations. 

 Absorptive capacity The ability to use external knowledge within the 

organization for innovation purposes. 

 Internal ecosystem The ability for employees to find the right people 

they are looking for within the organization and the 

degree of internal communication and knowledge 
sharing. 

Process & governance Formal innovation process The presence of a formal innovation process. 

Organizational structure The way the organizational chart is arranged and 

specifically how the innovation structure is set up. 

IT support tools IT tools to support idea generation, project and 

portfolio tracking and metrics for organizational 
learning. 

Project and Portfolio 
Management  

The existence of a centralized management system of 
the innovation projects. 

Organizational learning Constant learning ability The firm’s capability to incorporate previous 
experience in decision-making processes. 

Fact-based criteria system The existence of a documentation system which holds 
innovation metrics in order to support decision 

making processes. 

Innovation culture Tolerance of failure The degree in which risk-taking or failure is accepted. 

Inspiration & collaboration The activities undertaken which stimulate 
collaboration and inspire employees to pro-actively 

innovate (examples: sharing innovation 

achievements, inspirational leadership, etc.). 

Innovation reward system  The existence of a reward system for undertaking 

innovation initiatives.  

Technology Technology orientation The ability to keep track of technological 

development and important stakeholders. 

Technology integration The ability to generate or use existing technologies 

for innovation. 

3.2 Model Development via Delphi Study 

The first phase in our research design focused on model development of the ICMM through a Delphi 

study. We used the Delphi technique as it is a suitable method for research studies that are exploratory in 

nature (De Bruin et al., 2005). Furthermore, we recognize three issues within the innovation capability 

research domain which support the suitability of using the Delphi technique: (1) dealing with complex 

issues (Okoli & Pawlowski, 2004), (2) seeking to combine views to improve decision making (Bass, 
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1970) and (3) the willingness to contribute in a research area where a lack of empirical evidence exists 

(Murphy et al., 1998).  

The Delphi study helped us to elicit expert opinion and to ensure that the ICMM will be valid and 

relevant in the field. We did this by executing three rounds with a panel of experts from industry, 

consultancy and research, each posing different perspectives into the model.  

Potential experts for the panel were contacted via telephone or face-to-face meetings. In the initial 

contacting of potential members, the objectives of the study and responsibilities that come with 

participating in the expert panel were briefly explained. Twelve experts were contacted, from which nine 

agreed to take place in the panel. An overview of the composition of the expert panel can be found in 

Table 3.2.  

Table 3.2 Members of the Delphi Expert Panel 

ID Function Organization Categorization 

#1 Executive Advisor Municipality of The Hague Industry 

#2 Business Innovator KPMG Internal Innovation Team Consultancy 

#3 Assistant Professor Vrije Universiteit Amsterdam Research 

#4 Former Lead Innovation Manager Heerema Industry 

#5 PhD Candidate Eindhoven University of Technology Research 

#6 Partner KPMG Innovation Advisory Consultancy 

#7 Professor & Partner Vrije Universiteit Amsterdam / 

KPMG Innovation Factory  

Research/Consultancy 

#8 Senior Consultant KPMG Innovation Advisory Consultancy 

#9 Process Manager KB Mulders Design Industry/Consultancy 

 

The voting by the experts for model elements took place during one-on-one interviews with the panel 

member (either face-to-face or via telephone) in order to gain insight into the responses for the voting and 

underlying reasoning. For each main and sub-element in the initial (and intermediate) model, we asked 

participants to choose out of three options: stay, change, or go. In the academic literature, no firm rule is 

provided of when consensus is reached (Powell, 2003). Therefore, we consider that a large majority of the 

expert panel needs to agree on a model element in order for it to be included. Therefore, when more than 

80% of the panel voted for accept, the element was included in the next voting round. In the second and 

third round, the same rule was applied for the maturity level criteria for each sub-element.  

Detailed descriptions of the execution of the process, the voting, and the panel selection are given in 

Appendix D. 

3.2.1 Delphi Round 1 

The goal of the first round was to thoroughly investigate the initial model (See Appendix F.2) with 

regards to its structure, main elements and sub-elements. Furthermore, the first round was explorative in 

its nature, as recommended by Powell (2003), asking the expert panel whether they would add any main- 

or sub-elements to the model. In addition, feedback acquired in this round was used to define the 

organizational characteristics for the lowest and highest maturity level for each sub-element to be voted in 

the second Delphi round.  
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3.2.1.1 Co-creation session 

In the first round, a co-creation session was held in order to gain more insight into the arguments of panel 

members via discussion. The outcome of this co-creation session was not in any way concluding for the 

new model iteration; rather it was a way of gaining a thorough understanding of the discussion taking 

place in the expert panel. 

The experts attending the co-creation session were asked to fill in an online survey before the start of the 

session. In this way anonymity of the respondents’ votes was guaranteed. Experts who were not able to 

attend the co-creation session, voted in a one-on-one interview with the researcher before the start of the 

co-creation session. In this way the researcher was able to present the results and identify major 

discussion topics beforehand. 

The major topic of the co-creation session was the role of ‘technology’ as a main element, since three 

panelists chose to remove it from the model, and two of them chose to change it. Therefore, the focus of 

the session was on how to incorporate this element into the next model iteration. Several new model 

structures were proposed and discussed. Finally, the consensus was that the technology orientation sub-

element can be incorporated in trends & development by adding technology to the definition. 

Furthermore, the technology integration sub-element was considered to be sufficiently covered in the 

absorptive capacity sub-element.  

Based on the results and feedback obtained from round 1(PRL reliability = 0.87; derived from Rust & 

Cooil, 2018) we created a new model iteration as input for Delphi round 2 (See Appendix G.1 and 

Appendix G.2). This model included the lowest and highest maturity levels for each sub-element. 

Changes made in this iteration are described in Appendix F.5. 

3.2.2 Delphi Round 2 

The second round in the Delphi study was more confirmative in nature. In this round, the structure, scope 

and the lowest and highest maturity levels of the new model iteration were discussed.  

Each expert received a report of the previous round, presenting results, argumentation of changes in the 

new model iteration, and the new version of the model (See Appendix F.5). They were asked to 

investigate the model and the adjustments made in the previous round before the start of the interview. 

Face-to-face interviews of approximately 45 minutes were conducted with each panel member, in which 

the members were asked to evaluate the new version of the model using the same rating scheme as in 

round 1 (stay, change, go). To stimulate consensus in this round, the panel members were not explicitly 

asked to propose new model elements. 

We proposed a new model iteration for the third Delphi round according to the feedback obtained in 

round 2 (PRL reliability = 0.95). The results of this round are elaborated in Appendix G.4 and Appendix 

G.5. The new model iteration, which included all maturity levels for each sub-element, can be found in 

Appendix H. In Appendix G.6 we elaborate on feedback given in round 2 and design choices made 

accordingly for updating the model. 

3.2.3 Delphi Round 3 

The objective in the third round was to finalize the model. Therefore, the focus of the third model 

iteration was on finalizing the maturity levels and its criteria for each sub-element. Special attention was 

given to the order, logic and completeness of the maturity levels per sub-element. Furthermore, the Delphi 

expert panel members were asked to rate the final model structure in order to see whether they were 

satisfied with this model structure. Interviews were done face-to-face or via telephone and lasted 

approximately 30 minutes. 
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As expressed by Rennie (1981), a weakness of the Delphi technique is the threat of only leaving the bland 

conclusions which represent the lowest common denominator of agreement between experts. Therefore, 

as a final step included in this last round, we performed a theoretical mapping of Critical Success Factors 

(CSFs) and the model elements to verify that the model that the Delphi study yielded is complete in the 

sense that it addresses the critical success factors (CFS) of product and service innovation as proposed in 

the existing literature. We used the meta-analyses of Evanschitzky et al. (2012) and Storey et al. (2016) 

for this theoretical mapping, since we argue that these contemporary studies address a sufficiently broad 

range of CSFs for product and service innovation. The theoretical mapping verified that a large majority 

of the CSFs are explicitly addressed by the model and for those CSFs that required a direct/explicit 

coverage, we performed minor adjustments in the model. The mapping between the CSFs as presented in 

the relevant studies and the components of the final version of the ICMM is available in Appendix H.6. 

The results of round 3 are presented in Appendix H (PRL Reliability = 0.99). In Appendix G.6 we discuss 

the results and the detailed argumentation for changes made for the final ICMM (see Appendix I). The 

final ICMM is elaborated in more detail in Section 4. 
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4 The Innovation Capability Maturity Model 

This chapter presents the final version of the Innovation Capability Maturity Model that resulted from our 

Delphi study. We incorporated best practices and meta-analyses of previous research in order to increase 

the traceability of the ICMM. In the remaining of this section, we briefly present the scope and structure 

of the ICMM, followed by a discussion of the main elements and the sub-elements with respect to 

corresponding maturity levels. Finally, we elaborate on how the model can be applied in practice for 

assessing the innovation capability of an organization. 

The ICMM aims to feature the generalizable best practices of the organizational innovation capability. 

This is in line with the theory of Moore (2005), who compared innovation to evolutionary theory. He 

argues that the essence of innovation is the same in each organization, regardless of their characteristics. 

We should note that we do not discount the complexity of innovation and nuances that it poses in 

different domains and industries, and in organizations of varying sizes, but merely aim to capture the 

essential elements of the innovation capability that are common across these differences. 

4.1 Structure and Elements 

Figure 4.1 depicts a visual representation of the high-level structure and scope of the ICMM. As depicted, 

ICMM incorporates 6 main elements: vision & strategy, value network, process & governance, feedback 

& results, resources, and culture. The circular arrow around the main elements visualizes the continuous 

improvement loop that an organization follows in developing its innovation capability. The questions 

surrounding the elements support the outer main elements (that are in the corresponding colors).  

 

 

Figure 4.1 Visualization of the main elements of the ICMM 
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Table 4.1 presents an overview of the main- and sub-elements of ICMM.  

The Vision & Strategy element includes the existence of an innovation vision and strategy, the ability of 

the organization to scan and select trends, and the way that the innovation strategy is known and 

incorporated in the day-to-day operations of employees. 

The Value Network element exists out of the external network of the organization, its internal knowledge 

network in the organization, and its ability to transfer knowledge across organizational boundaries for 

innovation purposes (open innovation). 

The Process & Governance element focuses on the presence of a formal innovation process. 

Corresponding to this process, it is vital to manage the portfolio of different innovation projects in a 

holistic manner. Finally, the way that the organization is governed also influences its innovation 

capability.  

The Results & Feedback element describes how innovation results are used in terms of learning outcomes 

and metrics. 

The Resources element describes the degree to which several resources (people, time, budget and support 

tools) are dedicated to innovation. This element has also been identified as a key determinant to service 

innovation performance in the meta-analysis of Storey et al. (2016).  

Finally, the Culture describes how the organizational culture stimulates innovation initiatives among 

employees. It has been identified as a success factor for service innovation (Storey et al., 2016). 

 

Table 4.1 Main- and sub-elements of the final ICMM 

Main Element Sub-element 

Vision & Strategy Strategic Plan 

Understanding Trends 

Communication & Roll-out  

Value Network External Partners 

Internal Knowledge Network 

Open Innovation 

Process & Governance Innovation Process 

Portfolio Management 

Governance 

Results & Feedback Measurable Results 

Organizational Learning 

Resources People 

Time & Budget 

Support Tools 

Culture Leadership & Inspiration 

Cross-functional Collaboration 

Tolerance of Failure 
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The main elements of the ICMM encompass a set of relevant sub-elements each representing a different 

aspect of the corresponding main element. In total, the model features 17 sub-elements. Each sub-element 

is characterized by 5 maturity level traits that relate to the 5 maturity levels of innovation capability that 

the ICMM features. Considering 5 levels of maturity is a common practice in the field of organizational 

maturity (De Bruin et al., 2005; A. Van Looy, Poels, & Snoeck, 2017). The levels of the ICMM are ad-

hoc, low, intermediate, high and excellent corresponding to Level 1 (lowest) to Level 5 (highest), 

respectively.  

Below we present the detailed descriptions of the sub-elements, including their definitions and maturity 

level characteristics. 

4.1.1 Strategic Plan  

Robert G Cooper et al. (2004) argues on the significance of defining areas of strategic focus for 

innovation as a best practice in new product development. Furthermore, defining long-term goals for 

product innovation is a best practice which distinguishes the best performers from the worst in NPD 

(Robert G Cooper et al., 2004). Therefore, this sub-element is defined as the extent to which an 

innovation vision and mission are present and translated into a clear long-term strategy, actionable goals 

and key performance indicators (KPIs). The maturity levels range from no presence of any innovation 

vision or strategy, to a well-developed innovation strategy which is in line with the latest trend insights 

and organizational strategy (Table 4.2). 

Table 4.2 Strategic Plan maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: Intermediate Level 4: High Level 5: Excellent 

There is no clear 

innovation vision, 

mission or strategy 

defined. 

A strategic 

innovation plan is 

present, focused on 

the short-term. 

A long-term 

innovation vision, 

mission and strategy 

are present and well-
documented, strategic 

focus areas are clearly 

defined. 

A strategic plan for 

innovation is present, 

well-documented, 

focuses on the long-term 
and is incorporated in the 

organizational strategy. It 

is translated into 

actionable goals and 

KPIs. 

There is a clear, 

actionable, long-term 

innovation strategy plan in 

place, which is 
continually in 

development according to 

latest trend insights and 

organizational strategy 

adaptations.  

 

4.1.2 Understanding Trends 

This sub-element focuses on the extent to which socio-economic, market, technology, regulatory and 

customer trends are scanned, understood, evaluated and selected for innovation purposes. The levels vary 

in the degree of the collection, selection and application of trends (See Table 4.3). 

Table 4.3 Understanding Trends maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Scanning and 

understanding 

trends is dependent 
on individuals with 

interest in current 

developments.  

The organization has 

appointed employees 

responsible for 
scanning trends. 

Trends are not 

evaluated upon or 

selected for 
innovation purposes. 

Next to scanning and 

understanding trends, 

appointed employees 
evaluate and select 

relevant trends to act 

upon. 

A diverse range of trends 

is pro-actively scanned, 

high potential trends are 
selected and incorporated 

in the innovation strategy. 

A cyclical approach to 

identifying, evaluating and 

selecting trends is present 
which encourages all 

employees to participate 

in environmental 

scanning. Complex 
customer needs are 

analyzed and understood. 

Launches of innovations 

are planned carefully 
according to trend 
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understanding.  

4.1.3 Communication & Roll-out  

Communication & Roll-out signifies the extent to which the innovation vision and strategy are 

communicated to and incorporated in the day-to-day work of employees. The differentiation between the 

maturity levels is based on employee awareness and strategy embeddedness in business processes (Table 

4.4). 

Table 4.4 Communication & Roll-out maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 
Level 4: High Level 5: Excellent 

Employees are not 
aware of the 

existence of an 

innovation strategy. 

Among employees, a 
vague awareness 

exists regarding the 

presence of an 

innovation strategy. 
However, the content 

of this strategy is not 

known.  

Employee awareness 
of the innovation 

strategy is high and 

this awareness is 

incorporated in the 
day-to-day operations 

of employees. 

Employees in all layers 
are fully aware of the 

content of the innovation 

strategy and act upon this 

strategy in the day-to-day 
operations. The 

innovation strategy is 

formally embedded in 

and translated into 
decision making 

processes in the 

organization. 

Full awareness of the 
innovation strategy is 

present among all 

employees, day-to-day 

operations and decision-
making processes reflect 

this strategy seamlessly. 

The awareness of the 

innovation strategy among 
employees is constantly 

measured, evaluated and 

improved. 

4.1.4 External Partners 

External partners indicates the extent to which the organization is involved in collaboration with 

innovation partners or networks such as start-ups, research institutions and other organizations. Maturity 

levels are based on the maturity levels of the open innovation framework of Enkel et al. (2011), differing 

in the scanning, exploitation and diversity of innovation relationships with external partners (Table 4.5). 

Table 4.5 External Partners maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 
Level 4: High Level 5: Excellent 

The organization is not 
involved in any 

explicit collaboration 

with external partners 

for innovation 
purposes. Partner 

relations are solely 

acquired and 

maintained for 
operational purposes. 

Existing 
operational 

relations are 

irregularly used for 

innovation 
activities. 

Current innovation 
partner relations are 

known and exploited. 

Potential innovation 

partners are regularly 
scanned and selected 

for collaboration. 

A diverse range of 
external partner relations 

for innovation purposes is 

present and exploited, 

potential partners are 
scanned and selected 

continuously. 

The organization is skilled 
in deploying a diverse 

range of existing relations 

and initiating new 

relations for innovation 
purposes. The 

organization consistently 

evaluates and revises 

innovation partnerships 
and has an attractive 

image of being an 

innovation partner. 

4.1.5 Internal Knowledge Network 

Internal Knowledge Network refers to the extent to which employees can find the right people and have 

access to necessary information for innovation purposes. The maturity levels differ in terms of degree of 

contact between employees, the appointment of boundary spanners and the usage of a knowledge sharing 

tool (Table 4.6) 

Table 4.6 Internal Knowledge Network maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: Level 4: High Level 5: Excellent 
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Intermediate 

Knowledge sharing 

for innovation 

purposes takes 
place sporadically 

among employees 

who find each other 

by coincidence. 

Irregular contact 

between teams and 

departments is 
established due to 

multi-functional 

projects and informal 

internal connections. 

Boundary spanners 

(employees 

responsible for 
knowledge sharing) 

are selected and 

appointed in order to 

stimulate knowledge 
sharing.  

The organization actively 

pursues internal 

knowledge sharing by the 
appointment of boundary 

spanners and by the 

offering of knowledge 

sharing support tools.  

Employees know where to 

find the right people for 

the right information. A 
knowledge sharing 

support tool is present in 

the organization, is 

frequently used and 
constantly improved. 

4.1.6 Open Innovation 

Open Innovation indicates the extent to which the organization is able to acquire and apply knowledge 

across organizational and internal boundaries for innovation purposes. Inspired by Enkel et al. (2011), the 

maturity levels vary from ad-hoc knowledge transfer to a constant flow and application of knowledge 

across boundaries (Table 4.7). 

Table 4.7 Open Innovation maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Knowledge transfer 

(such as customer 

input or Intellectual 
Property (IP)) 

across 

organizational or 

internal boundaries 
takes place in an 

ad-hoc manner; 

translation to 

practical 
application of this 

knowledge is 

scarce. 

Knowledge transfer 

across boundaries 

takes place 
occasionally, 

translation to 

practical application 

is frequently 
established. 

IP is acquired, sold 

and used properly 

considering its 
suitability with the 

competences of the 

organization. 

Customer input is 
frequently used in 

innovation activities. 

Knowledge transfer 

crosses boundaries 

continuously and 
synergistically, providing 

a continuous in- and 

outflow of diverse 

knowledge (such as IP, 
customer/(front-line) 

employee input and 

feedback) within the 

innovation process. The 
ability to transform this 

knowledge into profitable 

results is well-developed. 

The firm is able to cross 

its external and internal 

boundaries consistently in 
terms of IP management, 

customer/employee 

integration and knowledge 

acquisition and is able to 
fully exploit its potential 

in innovation activities. It 

reflects upon the results of 

knowledge integration 
results in order to improve 

the open innovation 

capability on a continuous 

basis. 

 

4.1.7 Innovation Process 

Innovation Process signifies the extent to which an innovation process is present and well-executed, in 

which criteria for every stage and decision moment are clearly defined. Maturity levels differentiate in 

process definition, documentation and execution (Table 4.8). 

Table 4.8 Innovation Process maturity level characteristics 

Level 1: Ad-

hoc 

Level 2: Low Level 3: Intermediate Level 4: High Level 5: Excellent 

No explicitly 

defined 

innovation 

process is in 
place. 

An innovation 

process is 

explicitly defined 

and documented. 
Decision criteria 

for each stage are 

not defined 

explicitly. 

The innovation 

process is explicitly 

defined, documented 

and has clear decision 
moments and decision 

criteria for each stage 

of the process.  

For each type of 

innovation, a clear 

innovation process, its 

stages and criteria are 
explicitly defined, 

documented and used 

in practice. These 

innovation processes 
are executed with 

proficiency and 

seamlessly aligned 

with other 

Different processes with gates and 

clear criteria are established for 

different types of innovation, which 

are aligned with other organizational 
processes. The organization is 

skilled in the proficient and efficient 

execution of these processes. An 

after-launch process is defined in 
which organizational processes are 

re-designed in order to embed the 

innovation into the organization. The 

design, efficiency and execution of 
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organizational 

processes. 

these innovation processes are 

constantly evaluated and improved. 

4.1.8 Portfolio Management 

Portfolio Management refers to the extent to which a holistic overview of the innovation projects is 

considered in decision making for project prioritization. Maturity depends on the project overview, 

decision making actors and synergy with the innovation strategy (Table 4.9). 

Table 4.9 Portfolio Management maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Decision making in 

project selection is 

done intuitively, not 
considering the 

holistic overview of 

all innovation 

projects. 

Projects are selected 

according to an 

incomplete overview 
of the collection of 

innovation projects. 

An explicit overview 

of all innovation 

projects is present and 
complete. This 

overview is used to 

prioritize innovation 

projects. 

Decision making is done 

by an independent panel 

by addressing the 
explicit, complete 

overview of all 

innovation projects of the 

organization. Within this 
decision-making process, 

the innovation strategy 

and synergy with 

organizational 
capabilities are directive. 

Decision making in 

project prioritization is 

done by independent 
stakeholders with the 

explicit portfolio of 

innovation projects, the 

innovation strategy and 
synergy with 

organizational capabilities 

in mind. The organization 

knows the desired 
proportion of the 

innovation types (which is 

updated regularly) and 

makes decisions 
accordingly. 

 

4.1.9 Governance  

Governance refers to the extent to which responsibilities for innovation are explicitly defined and acted 

upon. Levels vary from no defined responsibilities for innovation to the presence of a clear structure for 

innovation activities with financial responsibility and autonomy (Table 4.10). 

Table 4.10 Governance maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Responsibilities for 

innovation are not 

formally defined. 

Employees take 

responsibility for 

innovation 

activities on an ad-
hoc basis. 

A formal structure for 

executing innovation 

activities is present, 

but not fully 

incorporated in the 

organizational 

structure and 
processes. 

It is clear how 

innovation activities 

are set up and who is 

functionally 

responsible for each 

innovation activity. 

This is reflected in 
the organizational 

structure and 

processes.  

A clear structure for 

innovation is present, in 

which centralized and 

decentralized autonomy 

in decision making is 

defined. The innovation 

structure covers 
functional and financial 

responsibility, and is 

integrated and aligned 

with the overall 
organizational structure 

and primary processes. 

A clear structure for 

innovation with regards to 

functional and financial 

responsibility is present, 

integrated and aligned 

with organizational 

structure and processes, 
and continuously in 

development. Project 

teams are empowered to 

make decisions 
autonomously. 

4.1.10 Measurable Results 

Measurable Results sub-element specifies the extent to which the organization measures, evaluates and 

stores suitable input, throughput and output indicators for innovation (e.g. number of ideas, project 

duration, and financial results). The degree of maturity depends on the usage of metrics, its transparency 
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and communication in the organization, and the incorporation of metrics evaluation in the innovation 

strategy (Table 4.11).  

Table 4.11 Measurable Results maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Innovation results 

are measured and 

reflected upon if a 
project team or 

employee takes the 

initiative to do so. 

The organization has 

defined some basic 

metrics which are 
relevant in each 

innovation project. 

Innovation metrics 

are stored accordingly 
in a part of the 

innovation projects. 

Relevant metrics are 

defined and stored by 

the organization in 
every innovation 

project. 

Innovation project related 

metrics (financial and 

non-financial) are 
defined, measured and 

stored in an integrated 

database. Suitable metrics 

are transparent for 
different kinds of 

employees. 

Financial and non-

financial metrics are 

stored, easily 
understandable and made 

transparent appropriately 

for different employees. 

The organization 
continuously reflects and 

updates the metrics 

defined as relevant. These 

metrics are compared to 
the previously defined 

KPI's and translated into 

the continuously 

developing innovation 
strategy. 

4.1.11 Organizational Learning 

Organizational Learning refers to the extent to which previous experiences are reflected upon and 

incorporated in decision-making processes. Levels vary in terms of evaluation activity, documentation, 

and application of learning outcomes (Table 4.12). 

Table 4.12 Organizational Learning maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Innovation 

activities are carried 
out without 

incorporating 

previous 

experiences. 

Evaluation is 

embedded as a phase 
of the innovation 

process. Project 

managers briefly 

reflect after each 
innovation project 

without 

documentation on 

these learning 
outcomes. 

A formal evaluation 

process ensures that 
employees reflect 

upon innovation 

projects. This 

documentation is 
bundled in a project 

management tool. 

A formal evaluation 

process is in place, 
documentation is stored, 

accessible and used by 

employees for learning 

purposes. 

The formal evaluation 

process is constantly 
improved by integrating 

employee feedback into its 

development. 

Documentation of former 
projects is stored, without 

being an administrative 

hurdle, and accessible and 

used by employees to 
learn from. 

4.1.12 People 

People sub-element denotes the extent to which dedicated people with the right (technological) 

capabilities are working on innovation projects. Levels are differentiated by the definition and pro-active 

pursuit of the organization to hire and train employees with the right capabilities (Table 4.13). 

Table 4.13 People maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

People are hired 

and allocated to 
innovation project 

teams on an ad-hoc 

The organization is 

aware of which 
competences are 

necessary for 

innovation, but these 

Desired capabilities 

are known and 
embedded in the 

training programs for 

Capabilities for 

innovation are known and 
actively pursued in 

employee selection and 

training. Innovation 

Innovation competences 

for employees are known, 
constantly in 

development, and actively 

embedded in the HRM 
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basis. are not made explicit 

or acted upon. 

existing employees. project teams are 

dedicated and carefully 
selected, in which the 

potential of the existing 

employee base is taken 

into account. 

processes. Innovation is 

performed in carefully 
pre-selected, cross-

functional and dedicated 

teams with accountable 

key knowledge holders. 
The composition of these 

teams is continuously 

measured, evaluated upon 

and improved. 

4.1.13 Time & Budget 

Time and Budget sub-element refers to the extent to which an organization makes time and budget 

available to invest in innovation activities. The maturity levels vary in terms of budget allocation, its 

procedure for receiving budget and time, and the freedom employees get to work on innovation projects 

(Table 9.15). For instance, to provide employees with resources and time off to work on their own 

projects has been categorized as a best practice for product innovation (R.G. Cooper, Edgett, & 

Kleinschmidt, 2004). This is incorporated in the highest maturity level of this sub-element (Table 4.14). 

Table 4.14 Time & Budget maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

No budget is 

allocated for 
innovation 

purposes, which 

forces employees to 

innovate using their 
own resources. 

On an irregular basis, 

innovation activities 
are allocated time and 

budget, as long as 

operational activities 

are still the priority. 

Employees are 

encouraged to 
innovate by the 

presence of a 

procedure to receive 

time and budget. 

The percentage of 

innovation budget with 
regards to the 

organizational budget 

allocation is clear. 

Employees are actively 
encouraged to make 

use of the time and 

budget allocation 

procedure.  

There is a clear and flexible 

budget available for each 
type of innovation, which is 

balanced with the 

organizational budget. 

Employees are given access 
to time (e.g.  a certain 

number of hours per week to 

work on own projects) and 

budget for innovation on a 
continuous basis. 

4.1.14 Support Tools 

Support Tools refers to the extent to which (IT) support tools are present to support innovation (e.g., idea 

generation, communication, knowledge sharing and project and portfolio tracking). Level 1 describes a 

lack of support tools, and level 5 describes easy-to-use, integrated available and non-bureaucratic support 

tools (Table 4.15). 

Table 4.15 Support Tools maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

There are no tools 

available to support 

innovation. 

Small support 

initiatives are set up 

in order to stimulate 
innovation. 

Innovation support 

tools are present, 

functioning as 
separate systems. 

Several professional 

support tools are present 

and integrated, employees 
are actively encouraged 

to use these tools. 

Support tools are easy-to-

use, integrated with and 

available to all employees 
without being an 

administrative hurdle. 

These support tools are 

constantly evaluated and 

improved accordingly. 

4.1.15 Leadership & Inspiration 

According to Cooper, Edgett, & Kleinschmidt (2004), recognition for key innovation employees and 

executing skunk work projects (projects set up primarily for the sake of doing radical innovation) are 
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NPD best practices. Furthermore, this study stresses the importance of senior management providing 

strong support, empowerment and authority to employees working on new product projects. Therefore, 

this sub-element signifies the extent to which managers are actively involved in innovation activities and 

employees are inspired to innovate. Maturity level characteristics differ in terms of communication of 

inspirational projects, leadership commitment, and peer inspiration (Table 4.17). 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Leadership hardly 

encourages 

innovation 
activities. 

Innovation 

outcomes are not 

shared or visible 
within the 

organization.  

Leadership tolerates 

innovation initiative. 

Sporadically, the 
organization actively 

exposes innovation 

success to employees.  

Managers receive 

training in stimulating 

employees to 
innovate. The 

organization regularly 

selects important 

innovation success 
stories and shares 

them among 

employees. 

Leadership and peers 

actively stimulate 

innovation activities on 
all levels. Inspiration 

programs are structurally 

executed to stimulate 

innovation. 

Employees on all levels 

continuously inspire and 

stimulate each other to 
innovate on a structural 

basis. Flag-ship projects 

are spread through the 

entire organization. 
Outcomes of inspiration 

programs are measured, 

evaluated upon and 

improved continuously.  

Table 4.16 Leadership & Inspiration maturity level characteristics 

4.1.16 Cross-functional Collaboration 

Communicating openly among employees across different departments is considered as a best practice for 

product innovation (R.G. Cooper et al., 2004). Therefore, we define this sub-element as the extent to 

which employees collaborate with each other in the team and throughout the entire organization. Maturity 

levels differ in the open attitude of employees and the multi-disciplinary composition of (innovation) 

teams (Table 4.17). 

Table 4.17 Cross-functional Collaboration maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 

Employees mainly 

focus on their 

formal task 

description and see 
interaction with 

other colleagues as 

means to finish 

these tasks.  

Innovation is 

occasionally done in 

cross-functional 

teams; however, the 
major part of 

innovation activities 

is executed according 

to the shared values 
and norms of the 

existing team or 

business unit. 

Cross-functional 

collaboration is 

stimulated by the 

organization by the 
composition of 

innovation teams with 

different 

backgrounds. 

Training programs are in 

place to train employees 

in cross-functional 

collaboration skills. A 
readiness to interact with 

all types of colleagues 

exists beyond formal role 

and task descriptions. 

Employees are skilled in 

working with colleagues 

with different 

backgrounds, 
collaboration is pro-

actively sought and 

exploited. Decision 

making in innovation 
projects is governed by 

the shared values and 

norms of the organization. 

4.1.17 Tolerance of Failure 

As argued by Cooper, Edgett, & Kleinschmidt (2004), no punishment for failure is an important best 

practice for product innovation. Furthermore, risk averseness is considered as limiting for product 

innovation performance. Therefore, this sub-element indicates the extent to which risk taking is accepted 

and both innovation successes and failures are celebrated and acknowledged. Maturity levels differ in 

terms of the ability to distinguish experimentation and failure, and the open communication of making 

mistakes among employees (Table 4.18). 

Table 4.18 Tolerance of Failure maturity level characteristics 

Level 1: Ad-hoc Level 2: Low Level 3: 

Intermediate 

Level 4: High Level 5: Excellent 
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Failure in 

innovation results 
can have negative 

consequences 

through some 

formal actions, 
which discourage 

others to engage in 

innovation. 

Failure of an 

innovation outcome 
can lead to a loss of 

image for the 

employees involved 

in the project. 
However, no formal 

action is taken by the 

organization. 

The organization 

distinguishes failure 
of innovation 

outcome and failure 

of innovation project 

execution and acts 
accordingly towards 

employees.  

Failure of innovation 

results are expected and 
acknowledged by the 

organization. Programs 

are in place that ensure a 

culture switch from 
'failure' to learning, in 

which employees 

involved in 'failure' are 

appraised.  

Employees who take the 

courage to innovate are 
continuously 

acknowledged and 

respected, regardless of 

the innovation outcome. 
Employees talk openly 

about failure and their 

learning experiences. 

 

4.2 Using the Innovation Capability Maturity Model 

A guideline for the use of the maturity model would help in effective application of the model in practice. 

Below, we provide an initial version of the guideline based on the feedback gathered from the expert 

panel members during the Delphi rounds.  

Organizations can use the ICMM to self-assess the as-is situation of their innovation capability, and to 

guide them in their efforts to improve it. It is important to take into account the perspective of multiple 

employees with a diversity in organizational functions in order to create a reliable overview of the actual 

maturity level of the organization (Amy Van Looy, 2015). The wide-coverage of ICMM elements stresses 

the necessity of a varied employee base performing the assessment. Different roles that can be involved in 

such an innovation capability assessment are: 

 Chief Innovation Officer or other board member (financially responsible) 

 Innovation Manager (if present) (business owner/program lead) 

 Marketing specialist (executer) 

 If present: innovation team members/strategic advisors (executers) 

 Engineering specialist (executer) 

 Employee working in operations (not involved in any innovation activities)  

Organizations are recommended to apply a mixed method for the assessment of the innovation capability 

in order to create reliable results. First, organizations can use the online assessment tool (in the form of 

the survey) to gather anonymous data in a more efficient way, from a varied base of employees. Next, a 

workshop can be conducted to have a better insight into the survey results and to ultimately define the as-

is situation. An improvement path can be established by analyzing the gap between the as-is situation and 

the desired state of innovation capability maturity.  
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5 Evaluation of the ICMM 

As described in section 3, we gathered and analyzed survey data from a variety of organizations in order 

to empirically validate the ICMM. In this section, we present the survey design, data pre-processing steps, 

the descriptive statistics of survey participants and the results of the analyses.  

5.1 Evaluation via a Survey 

For the evaluation of the design artifact, we hypothesized that the innovation capability as measured by 

the ICMM is correlated with organizational innovation performance. We used a survey to collect data of 

organizations to evaluate this hypothesis and validate our model. This is in line with the recommendation 

of De Bruin et al. (2005), who advises the use of such a quantitative methods for evaluating maturity 

models.  

5.1.1 Survey Design 

The survey questionnaire comprised of three parts:  

- Part-1: Questions regarding the assessment of the innovation capability maturity level,  

- Part-2: Questions on the assessment of the organizational innovation performance  

- Part-3: Questions regarding the general characteristics of the survey respondents and the 

organizations that they represent (and assess).  

The survey questions for the innovation capability maturity assessment (part-1) were derived from the 

final ICMM created in the model development phase. In order to support the assessment, we re-composed 

the definition of each sub-element into a question form. For instance, the definition of the sub-element 

‘understanding trends’ is restructured into a following question:  

To what extent are socio-economic, market, technology, regulatory and customer trends scanned, 

understood, evaluated and selected for innovation purposes?”  

Participants were able to answer each question using a Likert scale from 1 = to a small extent to 5 = to a 

very great extent, in which each number relates to the corresponding maturity level. In order to create a 

more accurate understanding among participants about the content of the maturity levels, the maturity 

level descriptions for each sub-element were also shown to the participants (see Figure 5.1). An overview 

of all questions regarding the innovation capability maturity can be found in Appendix J. 
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Figure 5.1 A screenshot from the online survey  

For part-2, i.e., the innovation performance of an organization, we adopted the indicators proposed by 

Langerak, Hultink, & Robben (2004) which are structured into four categories: market-level, financial, 

customer acceptance and timing measures. Table 5.1 presents the indicators that were adapted. In 

Appendix K, we elaborate on the adaptations applied to the original scale.  

For Part-3, the respondents were asked about the country where their organization operates, the name, 

age, and size of their organization, its targeted customer and offerings, the percentage of R&D spending 

relative to its total revenue, the sector it operates in, and respondent’s work experience, and whether 

he/she is involved in any innovation activity. 
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Table 5.1 Innovation Performance scale derived from Langerak, Hultink, & Robben (2004) 

Market-level measures (MA) 

IP_1 (The organization) Met the revenue goals 

IP_2 (The organization) Met the sales growth goals 

IP_3 (The organization) Met the market share goals 

Financial measures (FI) 

IP_4 Return on Investment or Internal Rate of Return 

IP_5 (The organization) Met the profitability goals 

IP_6 Development costs 

Customer Acceptance Measures (CA) 

IP_7 Customer acceptance 

IP_8 Customer satisfaction 

Timing Measures (TI) 

IP_9 Launch on time 

IP_10 Time-to-market 

 

For the categorization of the sector, we use the GCIS classification scheme, since it is considered as the 

preferred method to group organizations by industry in research settings (Lee & Oler, 2003). 

Furthermore, we decided that respondents are able to fill in the survey anonymously (not indicating the 

name of the organization), since this increases the independent image of the research, making it more 

attractive to participate.  

Before reaching out to respondents, the online survey was reviewed in a pilot study by 4 respondents, 

who gave feedback on the ease of use and the duration it takes to complete the questionnaire. Based on 

the feedback gathered, minor changes were performed and the average time for completing the survey 

was set to 10 minutes. 

5.1.2 Sample and Data collection  

Distributing the survey via electronic means suited our ambition for collecting a large sample of 

respondents. This method brings several advantages, such as access to individuals in geographically 

dispersed locations, the ability to contact participants who are normally hard to reach, and the 

convenience of automatic data collection (Wright, 2006). However, we are also aware of the sampling 

issues that online distribution can bring, such as unreliable data, self-selection bias and duplicate 

submissions (Thompson, L. F., Surface, E. A., Martin, D. L., & Sanders, 2003). We explicitly considered 

these sampling issues in the data preparation phase that was executed before analyzing the results.  

For the survey audience, we specifically targeted at innovation managers as they can be considered fairly 

knowledgeable of the state of the innovation capability of the organization. The channel of distribution 

was e-mail and social media. These channels provided the opportunity to directly appeal to research 

participants (King, O’Rourke, & De Longis, 2014) and for social media to reach a large scope due to 

network effects. The correspondence material for the invitation to the survey is available in Appendix M.  

5.1.3 Reward 

According to Hansen (1980), using external cues such as rewards, lowers respondent commitment and 

response quality. Therefore, we aimed to give respondents an intrinsic motivation to participate in the 

survey. We did so by offering all participants an individual report showing the score of their 

organizational innovation capability maturity in comparison to benchmark scores achieved from all 

survey participants. These reports were sent out 8 weeks after the closure date of the survey. An example 

report was sent out accompanied with the outgoing e-mail to trigger respondents in participation. See 

Appendix N for this example report. 
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5.1.4 Data analysis 

The data analysis consisted of two parts: the first part focused on model validation, and the second 

involved an exploratory post-hoc analysis for identifying stereotypical innovation maturity combinations 

(archetypes) leading to high innovation performance. 

For model validation, we explored for a relationship between innovation performance (IP) and the 

innovation capability maturity (ICM) level as measured using ICMM. Such relationships can be analyzed 

using parametric statistical tests, such as the linear regression, where the ICMM main elements are 

considered as predictors (independent variables) and IP as the dependent variable. These tests, however, 

give valid results only if a certain set of assumptions holds (Witte & Witte, 2014) especially the normality 

assumption (Field, 2013). The initial analysis showed that there are clear deviations from normality in 

multiple variables (with a Shapiro-Wilk test of normality with p < 0.01). Therefore, instead of applying 

parametric statistical tests, we forewent the predictive power of these tests and applied a non-parametric 

multivariate technique, Partial Least Squares Structural Equation Modelling (PLS-SEM) (a.k.a. PLS Path 

Modeling), to investigate the relationships between ICM (per ICMM main element) and IP.  

PLS-SEM allows for the analysis of unobservable (or, latent) constructs measured by multiple indicator 

variables (Chin, 1998). PLS-SEM is an appropriate technique for exploratory research purposes and 

remains its statistical power when analyzing complex models and small sample sizes (Hair, Hult, Ringle, 

& Starstedt, 2017). Besides investigating the relationships among measured constructs of ICM and IP, we 

additionally aimed to investigate the moderation effects of organizational size, organizational age, 

targeted customer and product offering. However, the dataset did not allow us to do so, since the groups 

were non-equally distributed. This non-equal distribution resulted into several groups depicting a too 

small sample size (N) to return reliable results. For the PLS-SEM analysis, the software tool SmartPLS 

3.0 was used (Hair et al., 2017). 

For the second part, we applied Qualitative Comparative Analysis (QCA) to see whether data patterns in 

innovation capability maturity can be distinguished and translated to innovation archetypes leading to 

high innovation performance.  

QCA is an analysis technique that aims to identify a combination of conditions that may produce the same 

outcome (Rihoux, 2006). It is often referred to as a kind of analytic induction, allowing researchers to 

elaborate new assumptions or theories based on empirical data (Hicks, 1994). In this case, we aimed to 

identify combinations of innovation capability maturity main elements that lead to a high innovation 

performance outcome. Four techniques of QCA can be distinguished: crisp set QCA (csQCA), fuzzy sets, 

multi-value QCA (mvQCA) and MSDO / MDSO (Rihoux, 2006). We used the traditional csQCA, since 

we are aiming to preserve a small richness of the dataset in order to detect the innovation archetypes (L. 

Cronqvist, 2005). 

For the data pre-processing, Microsoft Excel and R Language were used. 

5.2 Data preparation 

Out of the 182 emails sent, and 12 LinkedIn posts shared, a total of 255 people initiated the survey, from 

which 118 completed it, resulting into a raw dataset of 118 individual responses.  

For pre-processing the dataset, we analyzed the dataset on straight lining first, which is a phenomenon in 

which the respondent marks the same response for a high proportion of subsequent questions. This 
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resulted in the deletion of seven observations which were considered as suspicious, leaving us with 111 

individual observations.  

Then, we applied a set of transformation steps to the dataset in order to correctly categorize each 

organization in its corresponding sector. As a next step, we aggregated the data from the individual 

responses to the firm-level (or organization-level), as the level of analysis for this assessment was the 

organization. This resulted into a dataset of 90 unique organizations. Afterwards, we identified missing 

values and deleted 17 observations that depicted high proportions (higher than 40%) of missing values in 

the Innovation Performance (IP) construct (Hair, Black, Babin, & Anderson, 1998). Outlier analysis 

(univariate and multivariate) returned no outliers to be deleted. In the remaining dataset of 73 

organizations, missing values were imputed through Multiple Imputation with Bayesian arguments 

(Rubin, 1987; Su, Yu-Sung, 2011). Finally, we assessed whether we were dealing with sector bias by 

performing Kruskall Wallis test and a post-hoc Dunn-test for all scores on overall maturity level and 

maturity levels per main element (by taking the average of its indicators). These indicated that sector bias 

is ignorable. 

A more detailed description of the data preparation process can be found in Appendix O. 

5.3 Descriptive Statistics 

In this section, we present the descriptive statistics of the dataset that resulted from the survey.  

Figure 5.2 Distribution of working experience in the current organization (left) and in the innovation field (right) of survey 

participants 

 

Figure 5.2 shows the descriptive statistics of the working experience of participants in the current 

organization and in the innovation field, before the dataset was aggregated to the firm level (N=111).  

We continue reporting on the dataset after data pre-processing, because the level of analysis is the 

organization. This dataset contains the data of 73 unique organizations. Table 5.2 depicts the descriptive 

statistics of each indicator, and the proportion of missing values before missing value treatment. 

Appendix N.1 presents the entire dataset after data-preparation. 



31 

 

Table 5.2 Descriptive statistics per indicator after data-preprocessing, proportion of missing values before missing value 

treatment 

Indicator Minimum Median Mean Maximu

m 

Standard 

deviation 

Proportion of missing 

values (before missing value 

treatment) 

VS_1 1,00 3,00 3,33 5,00 1,2 0 

VS_2 1,00 4,00 3,64 5,00 1,07 0,01 

VS_3 1,00 3,00 3,07 5,00 1,15 0,04 

VN_1 1,00 3,00 3,52 5,00 1,17 0,01 

VN_2 1,00 3,00 3,36 5,00 1,09 0,03 

VN_3 1,00 3,00 3,32 5,00 1,15 0,05 

PG_1 1,00 3,00 2,92 5,00 1,16 0,04 

PG_2 1,00 3,00 3,03 5,00 1,07 0,05 

PG_3 1,00 3,00 2,95 5,00 1,26 0,03 

RF_1 1,00 3,00 2,88 5,00 1,12 0,04 

RF_2 1,00 3,00 2,95 5,00 1,05 0,01 

RES_1 1,00 4,00 3,53 5,00 1,06 0 

RES_2 1,00 3,00 3,38 5,00 1,19 0,01 

RES_3 1,00 3,00 3,03 5,00 1,16 0,01 

CU_1 1,00 4,00 3,60 5,00 1,19 0,03 

CU_2 1,00 3,00 3,32 5,00 1,26 0,01 

CU_3 1,00 3,00 3,22 5,00 1,18 0,03 

IP_1 2,00 3,00 3,53 5,00 1,03 0,04 

IP_2 2,00 4,00 3,62 5,00 1,07 0,08 

IP_3 1,00 4,00 3,36 5,00 1,11 0,12 

IP_4 2,00 4,00 3,47 5,00 1,04 0,16 

IP_5 1,00 3,00 3,27 5,00 1,06 0,16 

IP_6 2,00 4,00 3,37 5,00 0,93 0,14 

IP_7 2,00 4,00 4,00 5,00 0,76 0,04 

IP_8 2,00 4,00 4,03 5,00 0,78 0,03 

IP_9 1,00 3,00 3,29 5,00 1 0,05 

IP_10 1,00 4,00 3,55 5,00 1,07 0,05 

 

Frequencies for demographics, product offerings, targeted clients, sectors and percentage of R&D 

spending relative to total revenue are presented in Figure 5.3. The boxplots for each average question 

response per model main element of the ICMM, the overall ICM score and IP score is depicted in Figure 

5.4, and the correlation matrix between indicators is presented in Appendix N.2. 

 

  

 



32 

 

Figure 5.3 Descriptive statistics of the firm-level dataset after aggregation 
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Figure 5.4 Boxplot of ICMM main element scores, overall ICM scores and IP scores.  

*The abbreviations refer to the following: VS: Vision & Strategy; VN: Value Network; PG: Process & Governance; RF: Results & Feedback; 

RES: Resources; CU: Culture; ICM: Innovation Capability Maturity; IP: Innovation Performance 

5.4 PLS-SEM analysis 

For gaining more insight into the interactions within the ICMM main elements and their interaction with 

Innovation Performance, we applied PLS-SEM (Partial Least Squares Structural Equation Modelling). 

For doing so, a path model was created in the SmartPLS 3.0 software (Ringle, Wende, & Becker, 2015) to 

analyze the survey results. Answers to the survey questions about innovation capability maturity, 

corresponding to the sub-elements of the model, were used as indicators. Combinations of these indicators 

were stored in latent (or, unobservable) constructs, corresponding to the main elements of the model.  

Before performing the PLS-SEM analysis, we checked whether our dataset (N=73) contained sufficient 

observations in order to retrieve reliable results. We therefore calculated the minimum sample size 

necessary for our path model with the G*Power tool, as depicted in Appendix O, which suggested a 

minimum sample size of 48. The obtained sample size of 73 organizations satisfied this requirement.  

The way of modeling the indicators to the latent constructs can be done in two ways: formative or 

reflective. This modelling type needs to be carefully taken into account while executing PLS-SEM, since 

different types of modelling lead to different metrics to consider for the evaluation of the simulation 

results (Hair et al., 2017). The indicators of the innovation capability maturity main elements were 

modelled as formative, since we argue that they represent distinct drivers of their latent constructs (Hair et 

al., 2017). The innovation performance construct was categorized as a higher-order reflective – reflective 

construct since indicators and lower-order components are interchangeable, and can be treated as traits 

explaining the latent constructs. 

Figure 5.5 shows the visual presentation of the initial path model created for execution of the analysis. 

With this model, we argue that organizations with strong emphasis on learning and depicting a 

measurement-oriented approach are more likely to invest in the development of an innovation strategy. 

This, in its turn, triggers an organization to invest in related resources, establish process and governance 

structures and nurture a culture of innovation. These investments lead to the strengthening of the 

innovation practices as the building blocks of the process and governance structures. We also argue that, 

the more developed an organization is in its process & governance element and the more support it 
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provides for establish innovation supportive culture, the more likely it is to produce successful new 

products and/or services. 

 

Figure 5.5 Path model visualization of innovation capability maturity main elements and higher-order IP 

In Appendix P, we describe the execution of the analysis in more detail. We elaborate on the path model 

created, evaluation of the measurement models and the simulation process and results. 

5.4.1 PLS-SEM Results 

Figure 5.6 presents the final model after applying bootstrapping procedure with 5000 samples (Hair et al., 

2017). We found significant relationships between all latent constructs, except for VN  PG. We 

assessed the structural model in terms of the path coefficient, R
2
, R

2
 adjusted, effect size (f

2
) and 

predictive relevance for endogenous constructs (Q
2
).  
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Figure 5.6 PLS-SEM model after bootstrapping procedure 

The path coefficients for the relations in the model are depicted in Table 5.3. All model relationships are 

significant, except for VN  PG. As for the magnitude of the significant pathway coefficients, we find 

them all to be positive and higher than 0.25. The strongest relationship can be found in the relationship 

between IP and its lower-order constructs, followed by the relationship between CU and VN.  

Table 5.3 Pathway coefficients and effect sizes of model relationship in PLS-SEM (with *** :  p<0.001 and *:p<0.05) 

 Relationship Pathway 

coefficient 

Effect size 

(f2)  

CU -> IP 0.365* 0.133 

CU -> VN 0.674*** 0.833 

PG -> IP 0.294* 0.085 

RES -> PG 0.435*** 0.408 

RF -> VS 0.582*** 0.511 

VN -> PG 0.112 0.034 

VS -> CU 0.558*** 0.452 

VS -> PG 0.466*** 0.624 

VS -> RES 0.642*** 0.703 

IP -> MA 0.860*** 2.847 

IP -> FI 0.904*** 4.487 

IP -> CA 0.619*** 0.622 

IP -> TI 0.749*** 1.279 

 

The f
2
 values for each relationship are also depicted in Table 5.3, which represent the contribution of 

exogenous constructs to the explained variance (R2) of the endogenous construct. The f2 value is 

considered as high when it is above 0.35 (Hair et al., 2017). According to this rule of thumb, all effect 
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sizes can be considered as high, except for the relation CU IP and PG  IP, which are respectively 

considered to be medium (~0.15) and low (~0.02). 

Table 5.4 R2, R2 adjusted, and Q2 values for each latent construct 

Construct R2 R2 

adjusted 

Q2 

CU 0.384 0.375 0.279 

IP 0.348 0.330 0.167 

PG 0.800 0.791 0.491 

RES 0.413 0.404 0.252 

VN 0.454 0.447 0.203 

VS 0.338 0.329 0.193 

MA 0.740 0.736 0.560 

FI 0.818 0.815 0.576 

CA 0.384 0.375 0.279 

TI 0.561 0.555 0.426 

 

The R
2
 values for each construct are depicted in Table 5.4. The R

2 
value represents the percentage of 

variance for each construct that is explained by all the exogenous constructs linked to it. It is a measure of 

in-sample predictive power, since the R
2
 is the squared correlation of the actual and predicted values 

including all the data of the model estimation dataset. The R
2 

values differ in magnitude. For instance, the 

R
2 

 values of FI, MA and PG can be considered as substantial (>0.75) (Hair et al., 2017), while the R
2 

values of TI and VN can be considered medium (~0.5) and the others weak to moderate (0.25 – 0.5). The 

adjusted R
2
 value, which accounts for model complexity, is also depicted in the same table.  

Finally, we performed blindfolding to assess the Q
2
 values of the latent constructs. Q

2
 values above 0 

indicate predictive relevance of the model, and the values of the latent constructs can generally be 

considered to have medium to high relevance (0.15 – 0.35) (Hair et al., 2017). 

5.4.2 Discussion of the PLS-SEM analysis results 

The PLS-SEM analysis created more insight into the interactions and relationships between the main 

model elements of the ICMM and their relations to innovation performance. 

First of all, we found a significant relationship from results and feedback to vision and strategy. This 

indicates that an organization that is mature in organizational learning and tracking innovation metrics, is 

more likely to have a well-developed capability in setting and pursuing an innovation strategy. 

Furthermore, we found the vision and strategy element to be positively and significantly related to the 

culture, process & governance, and resources elements. This shows that the innovation strategy of an 

organization can be identified as the basis for developing an innovation supportive culture, establishing 

process and governance structures for innovation, and dedicating resources to innovation. Additionally, 

we found that having an innovative culture is fosters to emphasize more on creating a value network that 

contributes to innovation.  This means that knowledge sharing, internally and externally, is stimulated by 

the right culture within the organization. 

Our analysis also showed a significant relationship between resources and process & governance. This 

indicates that having the right resources in place in an organization helps in instituting practices regarding 

innovation processes and governance. In contrast to our presumptions regarding our model, our analysis 

was not able to significantly relate value network to process & governance. This means that the sharing of 

knowledge (internally as well as externally), does not necessarily contribute to the existence of an 
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innovation process and the management of innovation projects. It could be the case that within 

organizations that are considered high in value network maturity, the necessity of defining a formal 

innovation process is considered as less urgent, since the knowledge sharing in itself is already considered 

as an innovative behavior.  

Finally, the process & governance and culture elements are significantly related to innovation 

performance. This means that the governance and management of an innovation portfolio with the right 

innovation process and a supportive culture that fosters innovation eventually leads to a higher 

performance in newly developed products and/or services.  

5.5 Qualitative Comparative Analysis 

To identify distinct stereotypical combinations of innovation capability maturity, we performed an 

exploratory analysis using the Qualitative Comparative Analysis (QCA) technique for identifying high-

performing innovation archetypes.  

The QCA analysis technique requires a calibrated dataset, in which the variables in the dataset are divided 

in groups by setting a certain threshold value. The researcher identifies several conditions (C) which lead 

to a certain dichotomous outcome (O). The goal of the algorithm is to identify which combination of 

conditions eventually lead to the desired outcome (in this case, high innovation performance).  

The algorithm works by first analyzing necessity relations of the calibrated dataset (Thiem & Dusa, 

2013). It does so by calculating necessity inclusion and coverage for all combinations of variables 

(divided by the threshold levels). The algorithm starts with calculating necessity inclusion for the 

unilateral combinations of the variables. When it passes the cut-off level of the necessity inclusion, it can 

be further combined with more complex, bilateral combinations. Eventually, the algorithm aims to 

identify all necessary combinations of the conditions in order to achieve the desired outcome value. If no 

combination of conditions passes the inclusion threshold, calculations are done based on the coverage 

score of the combination (Thiem & Dusa, 2013).  

In the second stage, the algorithm aims to analyze set-theoretic sufficiency relations. This time, inclusion 

for sufficiency is calculated as the presence of O, given the presence of C, in relation of the overall 

presence of C (contrasting the necessity inclusion, which calculates inclusion in relation of the overall 

presence of O) (Thiem & Dusa, 2013)  

Finally, the algorithm calculates the optimal combinations of C to explain O, by minimization of the 

canonical sums for each configuration with the desired outcome.  

For executing the analysis, we used the software Tosmana (Lasse Cronqvist, 2016), which is useful for 

small-N Qualitative Comparative Analyses.   

5.5.1 Data Preparation 

For calculating the scores of each main element of the ICMM and the IP construct, we took the average of 

the corresponding indicators from the pre-processed dataset (N=73) as described in Section 5.2. In order 

to make the difference between high and low performing organizations (in terms of innovation) more 

explicit, we removed cases from our dataset with an IP score between 3.39 and 3.81 (this range 

corresponds to the average IP [3.55] and ± 30% of the standard deviation of IP). We had 14 cases that 

were in this range and the deletion of these cases resulted into a dataset containing data of 59 

organizations. 

In the csQCA analysis, we applied one threshold per main element of the ICMM, dividing each element 

in having low or high maturity. Aligned with the research on the organizational maturity field (CMMI 

Product Team, 2002; OMG, 2008) , we developed our model in such a way that organizations at level 3 

are considered to have achieved a minimum desired level in a particular aspect of innovation capability. 

Therefore, we used the threshold of 2.99, so that all organizations depicting a maturity level of 3 or higher 
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are categorized as ‘high’. We executed the QCA analysis without the inclusion of logical remainders or 

contradictions for reduction purposes, since contradictory simplifying assumptions can be considered as 

suspect, running against the norms of ‘empirical research’ (C. Ragin & Sonnett, 2003).  

5.5.2 Results 

Table 5.5 depicts the number of cases in each group (0 presenting low maturity, 1 presenting high 

maturity). Table 5.6 presents the truth table derived from the QCA, and Table 5.7 presents the final results 

of the analysis. In Figure 5.7, we present visual presentations of the identified innovation archetypes, in 

which the bars of each graph represent high maturity in the corresponding ICMM main element. 

 

Table 5.5 Number of cases in each group per variable (according to set threshold levels) in csQCA 

 VS VN PG RF RES CU IP 

threshold 2,99 2,99 2,99 2,99 2,99 2,99 3,6 

0 20 14 27 27 19 23 30 

1 39 45 32 32 40 36 29 

 

Table 5.6 Truth table derived from csQCA analysis 

Case ID (outcome) VS   VN   PG   RF   RES   CU   IP   

13(1), 26(0), 37(0), 71(0) 0 0 0 0 0 0 C 

46(1), 57(0) 0 0 0 0 0 1 C 

11 0 0 0 0 1 1 1 

24 0 0 0 1 0 0 0 

1, 27, 43, 61 0 1 0 0 0 0 0 

38 0 1 0 0 0 1 0 

29 0 1 0 0 1 0 0 

60(0), 62(0), 73(1) 0 1 0 0 1 1 C 

17 0 1 0 1 0 1 0 

33 0 1 0 1 1 0 1 

69 0 1 1 0 1 0 0 

16(0), 45(0), 51(1), 58(0) 1 0 0 0 0 0 C 

32 1 0 1 0 0 0 1 

52 1 0 1 1 1 1 1 

7, 47 1 1 0 0 1 1 1 

21 1 1 0 1 1 0 0 

2 1 1 0 1 1 1 0 

49(1), 54(1), 63(0) 1 1 1 0 1 1 C 

5 1 1 1 1 0 1 0 

12(0), 31(0), 36(0), 40(1), 

44(0) 

1 1 1 1 1 0 C 

3(1), 6(1), 9(1), 15(1), 

19(1), 20(1), 22(1), 23(1), 

28(1), 30(0), 34(1), 39(1), 

41(1), 48(1), 50(1), 59(0), 
64(1), 65(0), 66(1), 72(0) 

1 1 1 1 1 1 C 
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Table 5.7 Results of the QCA analysis 

Archetype ID  Case IDs included in 

the solution 

VS VN PG RF RES CU 

Archetype 1 (7,47)   1 1 0 0 1 1 

Archetype 2 (11)   0 0 0 0 1 1 

Archetype 3 (32)   1 0 1 0 0 0 

Archetype 4 (33)   0 1 0 1 1 0 

Archetype 5 (52)   1 0 1 1 1 1 

 

Our exploratory analysis of innovation archetypes resulted in five high-performing innovation archetypes 

(Figure 5.7). The first archetype depicts high maturity in vision & strategy, value network, resources and 

culture. Interestingly, this is an organization that does not take a process-oriented approach towards 

innovation, but does excel in other innovation elements. The second archetype depicts high maturity in 

resources and culture. This characterizes an organization that makes sure that the right and sufficient 

resources are in place, and that the environment nurtures an innovative culture to unlock the potential of 

these resources. The third archetype excels in vision & strategy and process & governance. This 

organization is skilled in defining an innovation strategy, and making decisions in the defined process and 

governing the organization accordingly. The fourth archetype depicts high maturity in value network, 

results & feedback, and resources. This is an organization that optimally makes use of its knowledge by 

sharing it, learning from it, measuring it, and making sure that the right resources apply this knowledge. 

Finally, we find the fifth archetype that depicts high maturity in all ICMM main elements, except for 

value network. This means that this is an organization that is skilled in many facets of innovation, but 

does not excel in internal connections, collaborating with external partners, or crossing boundaries in 

terms of knowledge sharing. This might be an organization that is relatively fragmented in its 

organizational structure, which makes it harder to excel in the value network main element. 
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Figure 5.7 High-performing innovation archetypes identified from csQCA analysis 

 

VS VN PG RF RES CU

Archetype 1 

VS VN PG RF RES CU

Archetype 2 
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Archetype 3 

VS VN PG RF RES CU

Archetype 4 

VS VN PG RF RES CU

Archetype 5 
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5.5.3 Discussion  

Our analysis indicates that each high-performing innovation archetype depicts high maturity in at least 

two main model elements. From this we can derive that it is advisable to excel in at least two of the 

ICMM main elements in order to achieve a higher innovation performance. The results also show that the 

element resources are of high maturity in four out of five archetypes. This means that this element plays a 

central role in unlocking the potential of innovation. Additionally, the vision & strategy and culture 

elements depict high maturity in three of the five archetypes, indicating that these are of second-most 

importance for achieving innovation success.  

Summarizing, the results show that different combinations of innovation capability maturity main 

elements can lead to high innovation performance, indicating that there is no dominant, pre-defined path 

of innovation capability maturity leading to successful innovation activities. However, we can generalize 

that it is wise to develop in at least two ICMM main elements. 

Through the PLS-SEM analysis, we identified strong interaction effects among ICMM main elements, 

eventually leading to innovation performance. The PLS-SEM analysis indicates that organizations that 

emphasize on organization learning and embrace a measurement-oriented approach are more likely to 

invest in the development of an innovation strategy, which in its turn triggers an organization to invest in 

its resources, cherish a culture of innovation, and establish relevant process and governance structures. 

The efforts in strengthening of the innovation process and governance structures pay off as an increase in 

the innovation performance. Therefore, our argument that considers the culture and process & governance 

elements to be the main determinants of the innovation performance is confirmed.   

The findings from the post-analysis of identifying the innovation archetypes supports to an extent our 

findings from the PLS analysis. However, some of the findings also show contradictory results. While 

identifying the stereotypical combinations of ICMM elements in high-performing organizations, we 

discovered different combinations leading to the achievement of innovation success. In this analysis, we 

expected the process & governance and the culture element to be of high importance and be present in 

many of the archetypes, since it showed its central role in the PLS-SEM analysis. Instead, the element 

resources appeared to have an important role in four out of five innovation archetypes. Yet, the 

importance of process & governance element combined with the culture is also visible in the QCA 

analysis. Together, they appear in four out of five archetypes although archetype 4 shows that their 

deficiency can still be compensated by mature remaining elements.  
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6 Conclusions 

The objective of this study was to create a maturity model for assessing and improving the innovation 

capability of an organization. We aimed for developing a practical model that describes the fundamental 

elements of the innovation capability, which can be used as a basis or starting point for practitioners to 

understand, assess, and improve the innovation capability of organizations.  

We, therefore, synthesized core elements of innovation capability derived from a broad range of 

assessment and maturity models reported in the academic literature that aim to assess (a part of) the 

organizational innovation capability. This initial version was refined and extended through a Delphi study 

of three rounds with 9 domain experts – resulting in the Innovation Capability Maturity Model (ICMM). 

By operationalizing the ICMM, we developed a questionnaire and conducted a survey that resulted in a 

data from 90 organizations. We analyzed the interactions between model elements and investigated how 

the increased innovation capability – as measured using ICMM- leads to higher innovation performance.   

This created more insight into the interactions among the ICMM main elements, proving that innovation 

capability maturity is a complex construct including many dependencies. We validated the ICMM 

through finding a combination of model main elements significantly leading to innovation performance, 

in which the elements process & governance and culture play a central role in achieving innovation 

success. 

Finally, we investigated the existence of high-performing innovation archetypes in an explorative way, 

concluding that there are multiple combinations of ICMM main element levels which can lead to success 

in innovation efforts. We found all innovation archetypes to depict high maturity in at least two main 

ICMM elements. Interestingly, the resources element plays a central role in high-performing innovation 

organizations. Furthermore, we validate the importance of high maturity in either the process & 

governance or culture element, in line with the PLS-SEM analysis.  

In the remaining of this section, we briefly discuss the contributions and limitations of our research, its 

implications for research and practice, and directions for future research. 

6.1 Contributions to Research  

This research extends the body of knowledge on the academic literature of innovation in several ways. 

Firstly, the study responds to the divergence of the innovation capability maturity and assessment 

literature by proposing a holistic, unified innovation capability maturity model that aims to incorporate 

the core elements of the organizational innovation capability. Through the survey that we conducted, we 

found a significant relationship between the maturity level assessed by the ICMM and the innovation 

performance of an organization, which renders ICMM as one of the few empirically validated maturity 

models in this field. 

Furthermore, this study distinguishes itself from innovation best practice literature such as the meta-

analyses of Evanschitzky et al. (2012) and Storey et al. (2016) by creating insight in the combination of 

innovation drivers (elements) leading towards innovation performance, rather than treating each 

innovation driver as an isolated construct. Through our PLS-SEM analysis, we identified how certain 

elements of innovation performance interact with one another in an organization, and how the pathway to 

innovation performance can emerge.  

We have grouped, presented and translated the core elements (drivers) of innovation capability together 

with indicators that describe the characteristics of an organization at each maturity level. This shows how 

an organization can gradually improve the core elements (drivers) of its innovation capability. 

Finally, we created new insights by identifying specific archetypes of innovation capability elements 

leading to high-performing innovation. We find that there is no unique, pre-defined path towards 

innovation performance, but that there are multiple roads towards innovation success. In this road to 
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innovation success, we find proof of the importance to depict high maturity in at least two main elements 

of the ICMM. 

6.2 Contributions to Practice 

This study also has several implications to practice. Practitioners (executives, innovation managers and 

team members, etc.) can employ the ICMM for three purposes.  

First, ICMM can facilitate for creating awareness of what concerns the organizational innovation 

capability. ICMM is structured in multiple-layers and it comprehensively explains the core elements of 

the innovation capability in an organization. This gives practitioners (also for those with limited 

experience and knowledge on innovation) a more concrete understanding of how different aspects of the 

innovation capability can be interpreted and operationalized so to reduce the vagueness around the ‘buzz-

word’ innovation.  

Second, the ICMM can be used as an assessment tool to define the current maturity level of the 

innovation capability. We recommend practitioners to collect assessment data through the ICMM from a 

varied base of employees and stakeholders, in order to create a reliable image of the contemporary as-is 

situation. For data collection, the survey design from this research can be used.  

Finally and most importantly, the ICMM can be used as a tangible tool for guiding and monitoring efforts 

for developing and improvement innovation capability. Practitioners are recommended to first assess their 

existing position regarding this capability considering also the innovation archetypes identified in this 

study. They can identify the most appropriate ICMM archetype that can be taken as a reference to channel 

the efforts in determining the core elements that require immediate attention for improvement. In 

addition, for the improvement of the core elements, the strong interactions that we identified between 

these elements should also be taken into consideration.  

6.3 Limitations and Future research 

The study involves several limitations, which can potentially be addressed in future research. In this 

section, we briefly discuss the most important limitations and present possibilities for future research 

directions. 

First limitation relates to the questionnaire that we employed for our survey and the way the innovation 

performance is operationalized. We used the ICMM as a basis for self-assessing the maturity of 

innovation capability. We also used validated indicators for operationalizing innovation performance, 

which are however capturing perceived performance. Although this self-assessment data is proved to be 

correlated to objective performance measures (Dess & Robinson, 1984), it still raises the question 

whether organizations that score themselves higher in innovation capability are also objectively superior 

in their innovation performance. Future research should consider incorporating objective measures of 

innovation performance for the investigation of the impact of the innovation capability on innovation 

performance.  

Second, our dataset contains responses of a limited number of employees per organization (often a single 

response), which reduces the reliability of the survey data. Future research should address this limitation 

by targeting multiple employees in each organization. In this way, it is possible to identify the different 

perceptions of a diversity of employees regarding the assessment of the innovation capability. 

Furthermore, as mentioned by Crossan & Apaydin (2010), we joined ourselves among the innovation 

studies that take the innovation performance measure as the endpoint. More research is needed into the 

relationship between the innovation capability and firm performance, with the innovation performance 

measure as a mediator. We therefore recommend future research to investigate this relationship with the 

use of our ICMM as innovation capability scale, aiming to discover more evidence of its validity and 

relevance for organizations. 
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In addition to this, we executed our research with cross-sectional data collected once at a certain point in 

time. However, usefulness of the ICMM could best be evaluated by applying the maturity model in a 

practical context, assess the as-is situation and improvement path for developing the innovation 

capability, and measure results on a longitudinal basis. This could create more insight in the contribution 

of the artifact to long-term innovation success. In relation to this, our study focused on evaluating the 

empirical validity of the ICMM. Future research can consider addressing other evaluation dimensions, 

such as utility, quality, and efficacy. For instance, we recommend future studies to compare several forms 

of applying the ICMM in a practical context (such as workshops, online questionnaires, focus groups, 

personal interviews, or other methods). We believe this will increase the effectiveness of ICMM to 

serving for its purpose. 

We stress that our research aims at capturing the essence and fundamental elements of the innovation 

capability, rather than proposing an all-inclusive (exhaustive) maturity model. Given the complexity and 

wide coverage of this field, and partly contradictory findings between the two performed analyses, we 

advise future researchers to extend, apply and further validate the ICMM in specific contexts and 

domains. The studies using ICMM, for instance, in high or low technology intensive industries, in SME 

or large enterprises, or in product or service industries, can provide further insight into how these 

organizations are characterized in terms of their innovation capability and how the ICMM main element 

interactions are structured. Considering unique characteristics of these settings, extensions and 

adjustments to the ICMM to accommodate these specifics can be possible to ensure effectiveness and 

practical applicability. These efforts would also strengthen the validity and applicability of the ICMM in 

different domains and settings. 

We identified the existence of innovation archetypes in an exploratory post-analysis. However, we 

recommend future research to investigate these stereotypical innovation behaviors of organizations more 

thoroughly. Future research should study the theoretical underpinnings of the empirically derived 

innovation archetypes and further investigate the usefulness of employing such innovation archetypes in 

practice in diverse business contexts. 

Future research should empirically investigate whether some ICMM main elements become more 

important than others when an organization is highly mature (or immature) in its innovation capability. 

For instance, it is possible that the importance of the core elements in maturing from level 1 to 2 is 

different than the relative importance of these elements in maturing from level 4 to 5. 

Finally, we advise future researchers to refine and extend the assessment tool of the ICMM. In our study, 

we used the questionnaire in our survey as a tool for assessing the innovation capability. However, we 

received feedback from several respondents that some questions contained lengthy texts or too many 

variables which limited their ability to focus. Future research can consider strengthening the tool by re-

evaluating the questions by making them more comprehensive. 
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Measurement model of Enterprise Zhang & Yue Innovation Development 55 1 



59 

 

Innovation Capability (2017) Capability 

      

      

 

Appendix C Description and decision making of the inclusion of main model elements for 

the development of the initial version of the ICMM 

Innovation strategy- Within the widely covered innovation strategy element, the decision has been made 

to combine the sub-elements focus areas, innovation strategy and resource allocation into innovation 

strategy & communication. This is due to the argument that the innovation strategy should incorporate  

the focus areas to be targeted at and the resources to be allocated accordingly within the organization. The 

‘communication’ part of the sub-element describes the diffusion of the innovation strategy throughout the 

firm. It is important, for instance, that employees know but also work in line with the defined strategy 

from higher management. The element trends & development focuses on customer and market orientation 

as input for defining the innovation strategy. 

Innovation ecosystem - The innovation ecosystem incorporates external linkages, absorptive capacity and 

internal ecosystem. We include absorptive capacity within the sub-elements, even though it is only 

mentioned within 3 primary studies, since we argue that it is the crucial linkage between the other two 

sub-dimensions. Although not explicitly mentioned, the knowledge management dimension has been 

incorporated within the innovation ecosystem. The sub-elements external knowledge acquisition and 

knowledge sharing are included in the ecosystem’s sub-dimensions. 

Process & governance - The process & governance element reflects the existence of a formal innovation 

process, organizational structure, IT support tools and portfolio management. The existence of an R&D 

department has not been included as a sub-element in the model, although supported by 4 primary studies. 

This is due to the lack of generalizability of the sub-element, since the role of a dedicated R&D 

department is less important for services than for products (Storey, Cankurtaran, Papastathopoulou, & 

Hultink, 2016), and it is more applicable for large organizations rather than small- to medium enterprises 

(Cohen, 2010). We therefore do incorporate the sub-element organizational structure, as a more 

generalizable form of the structural design of innovation activities in an organization. The existence of an 

R&D department can thus be considered as a possible way to design the organizational structure of 

innovation. Finally, the sub-elements project management and portfolio management have been combined 

and stored into a single sub-element.  

Organizational learning - Organizational learning involved the constant learning ability and the fact-

based criteria system. The sub-element sharing innovation achievements & failures, initially proposed in 

academic literature, have been categorized as part of the Innovation Culture element. 

Innovation culture - To reduce the number of sub-elements of innovation culture, several of them have 

been combined. Therefore, tolerance of failure includes risk taking, and inspiration & collaboration 

includes leadership, sharing innovation achievements and trust. Finally, the innovation reward system 

includes the motivation and empowerment sub-element in a way that employees need to be empowered 

and motivated by the innovation reward system of the organization. 

Technology -We argue that the technology element is inevitable for the organizational innovation 

capability. A side note to this decision is that the technology component does not traditionally consider 

the technological capability of the firm, but rather the ability to scan technological possibilities and the 

ability to exploit technology for innovation purposes. The technology dimension covers technology 
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orientation (the ability to keep track of technological development and important stakeholders) and 

technology integration (the ability to generate or use existing technologies for innovation).  
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Appendix D Detailed description of Delphi Study process, voting and panel selection 

8.1.1 The Process 

The Delphi study helped us to elicit expert opinion in the field and to ensure that the ICMM will be valid 

and relevant in the field. We did this by executing three rounds with a panel of experts with different 

backgrounds in industry, consultancy and research. The first round of the study depicted several 

characteristics of the nominal group technique decision making process, since this method is considered 

more effective than the Delphi method (Van de Ven & Delbecq, 1974). However, due to geographical 

constraints and the time and costs involved in doing multiple of these rounds, the second and third round 

were done via the traditional Delphi method.  

8.1.2 The Voting 

The voting took place in one-on-one interviews with the experts (either face-to-face or via telephone), so 

that we fully understood the reasoning behind the votes. As a support tool, a web-based multiple-choice 

survey was filled in by the experts during this interview in order to guide conclusions about each main- 

and sub-element. For each main and sub-element in the model, we asked participants to choose out of 

three options: stay, change, or go. When the decision was made to choose for the latter two, the 

participants were asked to write down their motivation. This motivation was also discussed with the 

expert, and clarifying questions were asked when necessary. 

Decision rules 

From academic literature, no firm rule is provided of when consensus is reached (Powell, 2003). 

Therefore, we consider that a large majority of the expert panel needs to agree on a model element in 

order for it to be included. Therefore, when more than 80% of the panel votes accept, the element will be 

included in the next voting round. Within the second and third round, the same rule applied for maturity 

level criteria.  

8.1.3 Panel Selection 

We chose to execute the Delphi study with a heterogeneous expert panel from industry, consultancy and 

the academia in order to find the right balance between the models’ academic rigorousness and practical 

relevance (De Bruin et al., 2005; Powell, 2003). Although ideally we would have executed the research 

with a panel of 10-18 experts (Okoli & Pawlowski, 2004), we aimed for a number of 8-10 panel members 

due to the considered time constraints of this research.  

Potential experts were contacted via telephone or face-to-face meetings in order to ask them to take place 

in the expert panel. A brief description of the Delphi study and the responsibilities that come with 

participating in the expert panel were mentioned in the initial contacting of potential panel members. 

Twelve experts were contacted to participate, from which nine agreed to take place in the panel. An 

overview of the composition of the expert panel can be found in Table 8.1 
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Table 8.1 Description of the members in the Delphi Expert Panel 

ID Function Organization Categorization 

#1 Executive Advisor Municipality of The Hague Industry 

#2 Business Innovator KPMG Internal Innovation Team Consultancy 

#3 Assistant Professor Vrije Universiteit Amsterdam Research 

#4 Former Lead Innovation Manager Heerema Industry 

#5 PhD Candidate Eindhoven University of Technology Research 

#6 Partner KPMG Innovation Advisory Consultancy 

#7 Professor & Partner Vrije Universiteit Amsterdam / 

KPMG Innovation Factory  

Research/ Consultancy 

#8 Senior Consultant KPMG Innovation Advisory Consultancy 

#9 Process Manager KB Mulders Design Industry/Consultancy 

 

All experts have been selected based on their relevant experience with innovation. The panel was 

considered heterogeneous, since it consists of three experts with a background in consultancy, two experts 

with relevant experience in industry, two experts with a research background and two panel members 

show overlapping experience in more than one of these categories. Within the following paragraphs we 

go more into depth in the relevant experience of each panel member. 

Executive Advisor at the Municipality of The Hague – He is an experienced professional in civil 

engineering and management with expertise in managing, leading and developing private and public, 

organizations during times of significant change both national and international. Currently involved in 

innovation for public space, infrastructure and the urban environment as part of his portfolio. 

Business Innovator at the KPMG Internal Innovation Team –She has been a strategy and innovation 

consultant for several years, and currently works in the role of business innovator internally within 

KPMG. In this role she is responsible for setting up innovation activities and stimulating employees to 

engage in innovation. 

Assistant Professor at the Vrije Universiteit Amsterdam – She has researched innovation for over ten 

years, specializing in collaborative innovation, organizing for innovation processes, and the role of design 

thinking in digital innovation. She has published articles in (among others) Design Studies, Journal of 

Engineering Design, Research in Engineering Design and in various conferences. She teaches courses on 

technology and innovation and statistics. 

Former Innovation Engineer at Heerema Marine Contractors – He has been responsible for renewing 

HMC's innovation strategy, he has managed several innovation projects and he has been chairman of the 

latest Open Innovation cycle of Our Oceans Challenge, a joint industry effort to promote sustainability in 

the offshore industry in which start-ups are accelerated by connecting them to offshore expertise. 

PhD Candidate at the Eindhoven University of Technology – Before doing her PhD she graduated cum 

laude for the Master of Science of Innovation Management at the Eindhoven University of Technology. 

Her PhD focuses on business model innovation for smart cities, and next to this she has almost four years 

of experience as a new business developer at Philips Lighting Research. 
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Partner at KPMG Innovation Advisory – She has more than twenty five years of experience in business 

transformation and innovation in several industries. Currently she is the managing partner of the KPMG 

Innovation Advisory department and FinTech Lead at KPMG. She especially focuses on innovation in the 

rapidly changing financial industry. 

Professor at the Vrije Universiteit Amsterdam and Partner at KPMG Innovation Factory - With more 

than thirty years of experience in digital innovation, he currently combines working on the VU 

Amsterdam as professor with running the Innovation Factory software unit globally in KPMG. He did a 

PhD in business process innovation, and has a main interest in how technology can help enable the 

innovation capability in organizations. 

Senior Consultant at KPMG Innovation Advisory – He has a background in Strategic Product Design, and 

thereafter worked for four years in innovation consultancy. He has worked on several fields of innovation, 

including innovation strategy, program design, product and service design, and implementation. 

Process Manager at KB Mulders Design – He has a background in Industrial Design (Bsc. And Msc.) at 

the Eindhoven University of Technology and currently works as a project coach in this educational 

program. Furthermore, he has been responsible for setting up innovation activities at a non-profit mental 

healthcare facility and at present he is founder of his own innovation consultancy firm. 

Records of the date and time of the interviews or meetings with each panel member can be found in 

Appendix E. 
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Appendix E Records of meetings with Delphi expert panel members 

 

 ROUND 1 ROUND 2 ROUND 3 

ID Date Time Date Time Date Time 

#1 25-4-2018 14:00hr - 14:57hr 16-5-2018 14:00hr - 14:53hr 29-5-2018 12:30hr - 12:58hr 

#2 3-5-2018 11:00hr-13:00hr 22-5-2018 15:30hr - 16:25hr 30-5-2018 9:00hr - 9:45hr 

#3 30-4-2018 10:00hr - 10:52hr 22-5-2018 12:00hr - 12:36hr 28-5-2018 13:00hr - 13:28hr 

#4 3-5-2018 11:00hr-12:15hr 14-5-2018 9:30hr - 10:25hr 31-5-2018 10:00hr - 10:35hr 

#5 3-5-2018 11:00hr-13:00hr 14-5-2018 15:00hr - 15:49hr 29-5-2018 10:00hr - 10:43hr 

#6 3-5-2018 11:00hr-13:00hr 17-5-2018 9:00hr - 9:37hr 8-6-2018 9:00hr – 9:31hr 

#7 1-5-2018 10:00hr - 10:56hr 16-5-2018 15:00hr - 15:36hr 5-6-2018 13:45hr – 14:16hr 

#8 3-5-2018 11:00hr - 13:00hr 15-5-2018 12:00hr - 13:34hr 1-6-2018 9:00hr - 10:35hr 

#9 2-5-2018 14:00hr - 14:52hr 15-5-2018 10:00hr - 10:46hr 29-5-2018 11:30hr - 12:23hr 
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Appendix F Documents Delphi round 1 

Appendix F.1 Textual representation of the Initial Innovation Capability Maturity Model, Delphi round 1 

 

 

Element Sub-element Definition 

1. Innovation Strategy 1a. Innovation Strategy & Communication The presence of an innovation strategy and the communication 
of this strategy throughout the firm. 

1b. Trends & Development The extent to which market- and customer needs are scanned 

and used in innovation activities . 

2. Innovation Ecosystem  2a. External Linkages  The extent to which the firm is involved in collaboration with 
potential innovation partners or networks such as start-ups, 

research institutions and other organizations. 

2b. Absorptive Capacity The ability to use external knowledge within the organization for 

innovation purposes. 

2c. Knowledge Management The ability for employees to find the right people they are 

looking for within the organization and the degree of internal 

communication and knowledge sharing. 

3. Process & Governance 3a. Formal Innovation Process The presence of a formal innovation process. 

3b. IT support tools  IT tools to support idea generation, project and portfolio tracking 

and metrics for organizational learning. 

3c. Organizational Structure The way the organizational chart is arranged and specifically 
how the innovation structure is set up. 

3d. Portfolio Management  The existence of a centralized management system of the 

innovation projects. 

 4.Organizational Learning  4a. Constant learning ability The firm’s capability to incorporate previous experience in 
decision-making processes. 

4b. Fact-based criteria system The existence of a documentation system which holds 

innovation metrics in order to support decision making 

processes. 

5. Innovation Culture 5a. Tolerance of failure The degree in which risk-taking or failure is accepted. 

5b. Inspiration & Collaboration The activities undertaken which stimulate collaboration and 

inspire employees to pro-actively innovate (examples: sharing 

innovation achievements, inspirational leadership, etc.). 

5c. Innovation Reward System  The existence of a reward system for undertaking innovation 

initiatives.  

6. Technology 6a. Technology Orientation The ability to keep track of technological development and 

important stakeholders. 

6b. Technology Integration  The ability to generate or use existing technologies for 

innovation. 
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Appendix F.2 Visual representation of the Initial Innovation Capability Maturity Model, Delphi round 1 
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Appendix F.3 Results Delphi round 1: main element 

 

Appendix F.4 Results Delphi round 1: sub-elements 
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Appendix F.5 Changes made to the ICMM according to results Delphi round 1 

Visual and structural changes 

The majority of the expert panel commented on the consistency and logic of the model. The model 

structure did not speak entirely for itself. Especially the structural presentation of the innovation culture, 

represented as a large circle around the model, caused confusion. It was often overlooked as a separate 

element. However, the notion that the panel agreed upon was that innovation culture is one of the most 

important aspects of the model. Therefore, the decision has been made to put the innovation culture 

element in the center of the model. 

Although experts agreed that it is possible to start the innovation capability improvement process at any 

main element of the model, they still missed an ‘input-throughput-output logic’ in order to support sense-

making. We therefore created a high-level model overview with supportive questions as leading to 

explain the model (See Appendix G.2). Furthermore, to emphasize the improvement to be a continuous 

cycle, we added a circular arrow around the model. This circular arrow is intentionally  and not too 

overwhelming in order to avoid suggesting that the model has a clear starting and ending point.  

Changes in names and content of the main elements 

First of all, the technology element has been widely discussed and caused a lot of divergence within the 

panel. The majority argued that there was an extensive overlap between the trends and development sub-

element and technology orientation sub-element, causing the categorization in the initial model not to be 

mutually exclusive. The same was argued for the technology integration and the absorptive capacity sub-

elements. Therefore, the decision has been made to exclude the technology as main element, and to 

consider the technology sub-elements as part of the aforementioned overlapping ones. 

Secondly, the majority of the experts missed resource elements such as the allocation of people, time and 

financial resources. Therefore we decided to add a main element: enablers with sub-elements people, time 

and budget.  

Thirdly, the feedback has been given that the main elements should be named more consistently. Several 

main elements started with the word ‘innovation’ whilst others did not. Since the title of the model 

already includes the word ‘innovation’ the decision has been deleted from the main elements of 

innovation strategy, innovation ecosystem and innovation culture.  

As for the (innovation) strategy main element, two expert panels mentioned that a vision should be 

included in this name. Therefore the new name for this main element is vision & strategy.  

Many experts mentioned that the term 'innovation ecosystem' was confusing and that it should be more to 

the point. Three of them suggested the title network, which has been adopted in the new model. 

 
Finally, the main element Organizational Learning is changed to a sub-element of the new main element 

Benefits, in order to make the main element naming more consistent and logic in its sequentiality.  

Changes in names and definitions of the sub-elements 

Trends and Development – The definition of trends and development was considered as incomplete. 

Therefore we have added the word legal to the definition. Furthermore, the word needs has been changed 

to the word trends, since this is a more overarching word. Finally, it was mentioned by the expert panel 

that it is necessary to evaluate and select trends consciously. Therefore this has been added to the 

definition as well. 

Innovation Strategy & Communication – The majority of the expert panel considered this sub-element too 

high-level overarching. Therefore, this sub-element has been split into Translation and Diffusion.  

Formal innovation process – Two of the expert panel members considered the word ‘process’ as one that 

has a clear beginning, duration and ending. However, in innovation, they considered that this is not 
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always the case, since it is possible to kill projects more early in the process than others. Therefore, the 

name has been changed to Formal innovation funnel. Next to this, the definition has been expanded by 

adding the importance of go/kill decisions after each gate. 

IT Support Tools – The name of this sub-element has been changed to process support tools, since it was 

mentioned by two expert panel members that support tools do not necessarily have to be IT. 

Organizational Structure – The organizational structure was doubted to be of influence for the innovation 

capability by multiple panelists. Therefore, this sub-element has been deleted but incorporated in the 

definition of people and collaboration. 

External Linkages - The word 'linkages' was mentioned to be too complicated, therefore this title has been 

changed to External Partners. Furthermore, we deleted the word 'potential' since panel members 

considered this sub-element to be about collaboration with potential, but also with existing innovation 

partners. 

Knowledge Management – Multiple panelists stressed the importance to emphasize the difference 

between this sub-element and the sub-element external linkages. Therefore, the word internal has been 

added to the name. As for the definition, the ‘degree of internal communication’ has moved to the 'culture' 

element since multiple panel members thought it was more suitable in that category. 

Absorptive Capacity – Not all members of the expert panel knew the meaning of this term. Therefore, the 

decision has been made to make the name more simple: Breaking Organizational Boundaries. 

Furthermore, the comment that open innovation is done both ways (inside-out and outside-in the 

organization) has been incorporated in the definition.  

Fact-based criteria system – This sub-element is renamed to metrics, to make the title more 

comprehensible. Furthermore, the definition has been changed. We added  'the degree of '  and deleted the 

word 'documentation system', since the form does not matter as long as metrics are stored. 

Organizational Learning – As for the definition, we changed two aspects: the addition of 'the degree of ' 

and the addition of reflection within the process before incorporating it into decision making processes. 

Innovation Reward System - Many experts doubted about the need for this sub-element and its definition, 

which suggests monetary reward in contrary to non-financial rewards. Therefore this sub-element has 

been deleted and we have incorporated the non-financial reward into the collaboration sub-element. 

Inspiration and Collaboration – This sub-element has been split into two elements: Leadership & 

inspiration and Collaboration. The sub-element in the initial model was considered to be too overarching. 

Furthermore, we have added the commitment of leadership within the definition of this sub-element. 

Tolerance of Failure – This definition was considered to be incomplete. Therefore the addition of 

celebration and acknowledgement has been incorporated. 

.
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Appendix G Delphi round 2 

Appendix G.1 Textual representation of the Innovation Capability Maturity Model, Delphi round 2 

The Innovation Capability Maturity Model 

Main  

Element 

Sub-element Definition Low … Top 

V
is

io
n

 &
 S

tr
a

te
g

y 

Trends & 

Development 

The extent to which market, technology, legal and 

customer trends are scanned, evaluated and selected 

for innovation purposes. 

Scanning trends is done ad-hoc and is 

dependent from individuals with interest in 

current developments. 

  A cyclical approach to identifying and evaluating trends is present. This 

knowledge is spread throughout the organization in a formal matter which gives 

employees access to the latest trends. 

Actionable Plan The extent to which an innovation vision and 

mission are present and translated into innovation 

focus areas, a clear strategy, actionable goals and 

KPI’s. 

There is no clear vision, mission or strategy 

defined. 

  There are clearly defined focus areas for innovation, an innovation vision and 

mission, and a strategy with clear actionable goals. This overall plan is always 

in development, is updated according to the latest trend insights and aligned 

with the overall organizational strategy. 

Diffusion The extent to which the innovation vision and 

strategy are communicated to employees and 

incorporated in the entire organization 

Employees within the organization are not 

aware of the innovation strategy and are not 

incorporated in the development process of 

this strategy. Work processes do not reflect 

the innovation strategy. 

  Employees are aware of the innovation vision and strategy, they are 

incorporated in the development of the strategy and the strategy is reflected into 

the organizational processes (such as portfolio decision making). 

E
n

a
b

le
rs

 

People The extent to which people with the right innovation 

capabilities are working in the organization. 

Required individual innovation capabilities 

are not known or actively pursued. 

  Innovation competences for employees are known and actively embedded in all 

HRM processes such as selection and training. Innovation is done in cross-

functional teams in order to cover all necessary capabilities required for 

innovation.  

Time The degree to which employees are given the 

possibility to invest time in innovation activities. 

Employees are only working on their day-to-

day operations and whenever they want to 

innovate, they are forced to do so in their own 

time. 

  A certain percentage of time is reserved for innovation purposes for all 

employees in the organization. Employees are also given the opportunity to 

engage in innovation activities full-time. 

Budget The degree to which budget is allocated to 

innovation activities. 

There is no budget specifically allocated to 

innovation activities. 

  There is a clear budget for innovation available for each type of innovation. 

N
e
tw

o
rk

 

External 

Partners 

The extent to which the firm is involved in 

collaboration with innovation partners or networks 

such as start-ups, research institutions and other 

organizations. 

Relations with partners are only acquired and 

maintained for operational purposes. 

Innovation is seen as an internal process in 

the organization. 

  The firm is skilled in deploying existing relations and initiating new relations 

for innovation purposes beyond a purchasing logic. Furthermore it 

acknowledges that innovation cannot be done alone and needs to be done in 

innovation ecosystems. The organization has an attractive image of being an 

innovation partner. 

Internal 

Knowledge 

Management 

The ability for employees to find the right people 

they are looking for within the organization and the 

access to necessary knowledge and information. 

Knowledge is not spread throughout the 

organization but is implicit. It is not known to 

employees who to go to when an idea 

emerges. 

  Employees know where to find the right information or people when they want 

to innovate. Innovation champions are selected and known. 

Breaking 

organizational 

boundaries 

The ability to acquire and apply knowledge from 

outside-in and from inside-out the organization for 

innovation purposes. 

Knowledge transfer across organizational 

boundaries does not take place. 

  The firm is able to cross its own boundaries in terms of IP management and 

knowledge acquisition and is able to incorporate this into innovation activities. 

Furthermore the organization is aware that knowledge and IP from inside the 

organization can also be sold to the external environment.  
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P
ro

c
es

s 
&

 G
o

ve
rn

a
n

c
e 

Formal 

Innovation 

Funnel 

The presence of a formal innovation funnel in which 

after each phase a go/kill decision is made.  

There is no clearly defined innovation 

process. 

  Different processes are established for different types of innovation. Clear 

criteria are present for go/kill decisions and these decisions are made by an 

independent gate keeper panel. An after-launch process is defined. 

Portfolio 

Management 

The existence of a centralized management system of 

the innovation projects.  

Projects are not selected in a formal way.   Go/kill decisions are made with the entire portfolio of innovation projects in 

mind. The organization knows the desired proportion of these different 

innovation types and makes decisions accordingly. 

Process Support 

Tools 

The extent to which (IT) support tools are present to 

support idea generation, project and portfolio 

tracking and metrics for organizational learning 

There are no support tools available to 

support the innovation process. 

  Support tools are available and known to every employee within the 

organization without being an administrative hurdle. 

B
e
n

e
fi

ts
 

Metrics The degree to which the firm stores input, 

throughput and output indicators. 

Metrics are not tracked or stored.   Financial and non-financial metrics are stored and made transparent for all 

employees. The metrics are presented on a regular basis and are easily 

understandable for everyone throughout the organization. 

Organizational 

Learning 

The degree to which previous experiences are 

reflected upon and incorporated in decision-making 

processes.  

There is no formal evaluation or reflection 

process in place. 

  Projects are seen as either a success or a learning outcome, reflection is done 

abundantly and previous experience is stored and actually used in current 

innovation activities 

In
n

o
v
a

ti
o

n
 C

u
lt

u
re

 

Leadership & 

Inspiration 

The extent to which activities are undertaken to 

inspire employees to pro-actively innovate, 

including the commitment of all leaders in the 

organization. 

Innovation outcomes are not shared or visible 

within the organization. Leadership 

discourages innovation activities. 

  Flag-ship projects are spread through the entire firm, leadership in all layers are 

committed to innovation activities, successes and also failures are shared 

through the organization. Employees on all levels inspire and stimulate each 

other to innovate. 

Collaboration The extent to which employees collaborate and 

communicate with each other throughout the entire 

organization. 

Employees only focus on their formal task 

description and see interaction with other 

colleagues as means to finish these tasks. 

They innovate for their own good. 

  A readiness to interact with colleagues exists beyond formal role and task 

descriptions. Innovation is done for the greater good of the 

team/department/organization. 

Tolerance of 

Failure 

The degree to which risk taking is accepted and both 

successes and failures are celebrated and 

acknowledged. 

Failure in innovation activities is punished, 

which discourages others to engage in 

innovation as well. 

  People who take the courage to innovate are acknowledged and respected, 

regardless of the innovation outcome. There is guidance and support for 

employees after innovation projects to translate failure into learning. 
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Appendix G.2 High-level visual representation of the main elements of the Innovation Capability Maturity Model, Delphi round 2 
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Appendix G.3 Visual representation of the elements and sub-elements of the Innovation Capability Maturity Model, Delphi round 2 
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Appendix G.4 Results Delphi round 2: main elements 

 

 

Appendix G.5 Results Delphi round 2: sub-elements and the lowest and highest maturity levels 
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3 B .  I N T E R N A L  K N O W L E D G E  M A N A G E M E N T  

3 A .  E X T E R N A L  P A R T N E R S  

2 C .  B U D G E T  

2 B .  T I M E  

2 A .  P E O P L E  

1 C .  D I F F U S I O N  

1 B .  A C T I O N A B L E  P L A N  

1 A .  T R E N D S  &  D E V E L O P M E N T  

Sum of Stay

Sum of Change

Sum of Go
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Appendix G.6 Changes made to the ICMM according to results Delphi round 2 

Maturity Levels 

All expert panel members considered the text in the lowest and highest maturity levels as too lengthy.  

Therefore, in all maturity levels we critically reviewed the length of the text and shortened it where 

possible, without losing the completeness of the descriptions. 

Furthermore, based on feedback obtained in round 1 and 2, the researchers created all maturity levels for 

each sub-element. Doing so, five maturity levels had been distinguished named from 1 to 5: very low, 

low, medium, high, top.  

Scope 

To make sure the scope was not too holistic, the question has been asked whether the model structure 

would change for different types of innovation. Seven experts argued that the model would not change at 

all, since it is built upon the organizational perspective. Two experts mentioned the possibility of a slight 

change in the model, for instance that the relative importance of different elements could change, but they 

did not mention a significant change in the element structure. Therefore, the decision has been made to 

keep the scope focused on product, service and process innovation. 

Structure 

The overall feedback upon the new structure of the model was positive. Two expert panel members 

mentioned that the enablers element can be as fundamental as the innovation culture element and that this 

could be represented within the model structure. One of them also mentioned that the enablers without the 

culture element are not effective. Therefore the decision has been mode to put the enablers element 

within the center of the model, outlined by the culture element.  

Main elements 

Eight out of nine expert panel members voted that the main elements vision & strategy, process & 

governance, and culture should stay in the model in its current form. Two experts required a name change 

for the main element network, indicating that value network would be more logical within the model 

structure. Furthermore, the name of the main element enablers was considered inadequate by 2 expert 

panel members, they suggested the title resources, which has been changed accordingly. 

Technology 

Since the discussion of technology as a main element was a focus point within the first Delphi round, the 

question has been asked to what extent the Delphi expert panel thought that the revised model reflected 

the technology element. Five out of nine thought that the model reflected the technology element well 

enough. One expert member mentioned that technological capabilities should be explicitly mentioned in 

the definition of the sub-element people. This change has been realized in the new model iteration. 

Furthermore, three experts argued that  technology could be a sub-element of the enablers element. Since 

two of them defined the role of technology as being supportive information technology, and keeping the 

decision rule used in the Delphi study in mind, decision has been made to incorporate this aspect in the 

support tools sub-element, which has been moved to resources.   

Changes in sub-elements and maturity levels 

Trends & Development – Three expert panel members argued that within the top maturity level, the 

diffusion throughout the organization of trend knowledge should not be included. They mentioned that 



76 

 

this should be or in the diffusion sub-element, or in the network main element. Therefore the decision has 

been made to delete this part of the top maturity level. Furthermore, one of the expert panel members 

argued that the title should include the word ‘scanning’. The title was therefore changed to ‘scanning 

trends’. 

Actionable Plan – The title of this sub-element has been discussed thoroughly. Four expert panel 

members mentioned that the title does not match the description and that the title should indicate the 

presence of a vision and strategy solely. Therefore, the decision has been made to name this sub-element 

‘Defined Strategy’.  

Diffusion – Three experts mentioned that the title does not speak for itself and that it should be changed to 

communication. The title has been changed to ‘ Communication & Roll-out’.  

People – One member argued that the word ‘ technological’  should be included in the definition, which 

has been done. Another expert mentioned that the word ‘ innovation capabilities’ makes the sub-element 

too narrowly defined, since other capabilities can also be necessary. Furthermore, one of the experts 

doubted the need to put the words ‘within the organization’  in the definition, since innovation does not 

always have to be only from within the organization, but also from outside. Therefore this part of the 

definition has been changed to ‘working on innovation projects’.  

Time – Two panel members argued that time and budget should be combined. Regarding the decision 

rule, these sub-elements have been merged. Three members of the expert panel argued that the top 

maturity level should not include ‘a certain percentage of time’ but rather just an encouragement of time 

investment. Therefore the ‘ certain percentage of time’  is replaced by ‘employees are encouraged to 

invest time’. 

External Partners – All panel members voted ‘stay’  for this sub-element. 

Internal Knowledge Management – Two of the expert panel members mentioned that it needs to be 

emphasized that innovation champions are present in the organization. This is incorporated in the 

maturity levels. 

Breaking Organizational Boundaries – Three experts mentioned that ‘ breaking’  sounds too negative and 

should be changed to ‘ crossing’. Others (two members) gave the feedback that internal boundaries should 

also be crossed. Therefore the term ‘ organizational’  has been deleted.  

Formal Innovation Funnel – Three members mentioned that the word ‘ formal’  should be deleted from 

the title. Furthermore, the description of go/kill was argued to be part of portfolio management by two 

expert panel members. Therefore this part of the description has been deleted. 

Portfolio Management – One expert panel member mentioned that the word ‘ system’  in the definition 

should be changed to ‘overview’ .  Furthermore, the lowest maturity level was not complete, since 

projects can be selected in the lowest maturity level, but not with a holistic perspective of all projects in 

mind.  

Process Support Tools – Three members of the expert panel argued that this sub-element should be in the 

enabler element. Therefore, we have moved it and named it support tools. Furthermore, two expert 

suggested that the sub-element governance should be in this spot. 

Metrics – More than half of the expert panel mentioned that the title ‘metrics’ does not reflect its content. 

It suggests a means to an end, rather the title ‘measurable results’  was suggested. Furthermore, the sub-
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element missed, according to two experts, an evaluation part, which was added to the definition and at the 

top maturity level. 

Organizational Learning – Unanimously, the panel voted for ‘stay’  regarding this sub-element and its 

lowest and highest maturity level. 

Leadership & Inspiration – One member mentioned a slight adjustment in terms of the syntax of the 

description, which has been changed. Another expert suggested to delete the word ‘leadership’ and put it 

in the main element (as in: leadership & culture). However, since this expert was the only one suggesting 

this change, it has not been incorporated in the next round because of the decision  rule applied. 

Collaboration -  Two expert panel members suggested the addition of the word ‘cross-functional’, since 

they argued that the ability to work with a diverse base of people is crucial for innovation. Therefore, this 

suggestion has been applied in the next model iteration. Furthermore, the lowest maturity level was 

considered as already quite a high maturity by two experts. Therefore, the description of this maturity 

level has been moved to the second-lowest maturity level. 

Tolerance of Failure -  The panel unanimously voted for this sub-element to stay in the model in its 

current form. 
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Appendix H Delphi round 3 

Appendix H.1 Textual representation of the Innovation Capability Maturity Model, Delphi round 3 

The Innovation Capability Maturity Model 

Main 

Element 

Sub-element Definition Very Low Low Medium High Top 

V
is

io
n

 &
 S

tr
a

te
g

y 

Scanning 

Trends 

The extent to which market, 

technology, regulatory and 

customer trends are scanned, 

evaluated and selected for 

innovation purposes. 

There is no explicit action 

regarding the scanning or 

identification of trends. 

Scanning trends is done 

ad-hoc and is 

dependent from 

individuals with 

interest in current 

developments. 

 Trends are screened by 

innovation champions 

throughout the firm. 

 Scouts are assigned and led by 

innovation champions in their 

search for trends and 

development. 

A cyclical approach to identifying 

and evaluating trends is present. 

Complex customer needs are 

understood. 

Defined 

Strategy 

The extent to which an 

innovation vision and mission 

are present and translated into 

innovation focus areas, a clear 

strategy, actionable goals and 

KPI’s. 

There is no clear 

innovation vision, mission 

or strategy defined. 

An informal innovation 

plan for the future is 

present but not 

explicitly documented. 

An innovation vision, 

mission and strategy 

are present and 

documented, however 

it is not in line with the 

organizational strategy. 

A static plan for innovation in 

the future is present, 

documented and aligned with 

the organizational strategy 

There is a clear and coherent 

innovation strategy plan in place, 

aligned with the overall 

organizational strategy, which is 

always in development with regards 

to the latest trend insights. 

Communication 

& Roll-out  

The extent to which the 

innovation vision and strategy 

are communicated to 

employees and incorporated in 

the entire organization 

Employees within the 

organization are not 

aware of the innovation 

strategy and are not 

incorporated in its 

development process.  

Among employees, a 

vague awareness exists 

of the presence of an 

innovation strategy. 

However, the content 

of this strategy is not 

known.  

Employees are aware 

of what the innovation 

strategy holds and 

several employees are 

involved in its 

development. 

Employee awareness of the 

innovation strategy is high and 

employees of all layers are 

actively working on the 

development of this strategy. 

Employees are involved in strategy 

development, they are aware of its 

content and the strategy is embedded 

into the organizational processes. 

R
e
so

u
rc

e
s 

People The extent to which people 

with the right (technological) 

capabilities are working on 

innovation projects. 

Required individual 

capabilities are not known 

or actively pursued. 

The organization is 

slightly aware of which 

competences are 

necessary for 

innovation, and which 

competences they are 

still missing.  

Desired capabilities are 

known and sporadically 

embedded in training 

programs for existing 

employees. 

Capabilities for innovation are 

known and actively pursued in 

selection and training 

purposes. 

Innovation competences for 

employees are known and actively 

embedded in all HRM processes 

such as selection and training. 

Innovation is done in carefully pre-

selected cross-functional teams. 

Time & Budget The degree to which 

employees are given the 

possibility to invest time & 

budget in innovation activities. 

People are discouraged to 

spend time on innovation 

activities and no budget is 

allocated for innovation 

purposes. 

Employees are only 

working on their day-

to-day operations and 

whenever they want to 

innovate, they are 

forced to do so with 

their own money, in 

their own time. 

Innovation activities 

are tolerated as long as 

operational activities 

are still priority. 

Innovation activities are 

encouraged by a procedure to 

receive budget and time for 

innovation. 

Employees are encouraged to spend 

time on innovation and there is a 

clear budget for innovation available 

for each type of innovation. 

Employees are also given the 

opportunity to engage in innovation 

activities part- or full-time. 

Support Tools The extent to which (IT) 

support tools are present to 

support idea generation, 

project and portfolio tracking 

There are no support tools 

available to support 

innovation. 

Small support 

initiatives are set up 

(such as an idea box) in 

order to stimulate 

Innovation support 

tools are present but a 

lack of usage exists 

among employees. 

Several professional support 

tools are in place and used. 

However, these are not 

integrated with each other. 

Support tools are available, easy-to-

use, integrated and known to every 

employee within the organization 

without being an administrative 
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and metrics for innovation. innovation. hurdle. 
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e
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External 

Partners 

The extent to which the firm is 

involved in collaboration with 

innovation partners or 

networks such as start-ups, 

research institutions and other 

organizations. 

The firm is not involved 

in any explicit 

collaboration with 

external partners. 

Relations with partners 

are only acquired and 

maintained for 

operational purposes. 

Innovation is seen as an 

internal process in the 

organization. 

Existing relations are 

sporadically used for 

innovation activities. 

This involvement is 

dependent from the 

own initiative of 

employees. 

A diverse range of external 

partner relations is present. 

Exploiting these relations is 

part of the innovation process. 

The firm is skilled in deploying 

existing relations and initiating new 

relations for innovation purposes 

beyond a purchasing logic. The 

organization has an attractive image 

of being an innovation partner. 

Internal 

Knowledge 

Management 

The ability for employees to 

find innovation champions 

within the organization and the 

access to necessary knowledge 

and information. 

Knowledge is not spread 

throughout the 

organization but is 

implicit. It is not known 

to employees who to go to 

when an idea emerges. 

Knowledge sharing for 

innovation purposes is 

done sporadically by 

employees who find 

each other by 

coincidence. 

Implicitly, several 

employees are seen as 

innovation champions, 

but they are not 

formally appointed by 

the organization. 

The organization actively 

pursues internal knowledge 

sharing by means of offering 

knowledge support tools. 

Innovation champions are 

appointed and rewarded. 

Employees know where to find the 

innovation champions when they 

want to innovate. A knowledge 

sharing support tool is present in the 

organization and is frequently used. 

Crossing 

Boundaries 

The ability to acquire and 

apply knowledge across 

organizational and internal 

boundaries of the organization 

for innovation purposes. 

Knowledge transfer 

across organizational or 

internal boundaries does 

not take place. 

Knowledge transfer 

across boundaries takes 

place in an ad-hoc 

manner, but is not 

translated to practical 

application. 

IP is bought or sold 

frequently and 

application of this 

knowledge is executed 

successfully in 

exceptional cases. 

Knowledge transfer (or IP) 

crosses boundaries 

continuously, providing a 

continuous flow of knowledge 

as input for the innovation 

process. The ability to 

transform this knowledge into 

profitable results is well-

developed. 

The firm is able to cross its external 

and internal boundaries in terms of 

IP management and knowledge 

acquisition and is able to incorporate 

this into innovation activities. It sells 

IP when it is not suitable in its 

organizational context. 

P
ro

c
es

s 
&

 G
o

ve
rn

a
n

c
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Innovation 

Funnel 

The presence of an innovation 

funnel or process in which 

clear criteria are defined for 

every stage. 

There is no clearly 

defined innovation 

process. 

An innovation process 

is defined in an high 

overview. Stages and 

criteria of the process 

are not defined. 

The innovation process 

is present and known, 

and stages are defined. 

The innovation process has 

clear decision moments and 

decision criteria for each stage 

of the process. 

Different processes with gated and 

clear criteria are established for 

different types of innovation. An 

after-launch process is defined. 

Portfolio 

Management 

The extent to which a 

centralized management 

overview of the innovation 

projects is present.  

Projects are not selected 

with the holistic overview 

of all innovation projects 

in mind. 

Projects are selected 

according to the 

implicit overview of 

the collection of 

innovation projects. 

An explicit overview of 

all innovation projects 

is present yet 

incomplete. The 

overview is used to 

prioritize innovation 

projects. 

Decision making is done by 

addressing the explicit, 

complete overview of all 

innovation projects of the 

organization. 

Decision making in project 

prioritization is done by independent 

stakeholders with the explicit 

portfolio of innovation projects in 

mind. The organization knows the 

desired proportion of the innovation 

types and makes decisions 

accordingly. 

Governance The extent to which 

responsibilities for innovation 

are explicitly defined in the 

organizational structure. 

Responsibilities for 

innovation are not 

defined. 

Innovation activities 

are undertaken without 

the awareness of 

responsible employees, 

business units or 

departments. 

A formal structure for 

executing innovation 

activities is emerging, 

but not yet incorporated 

in the organization.  

It is clear how innovation 

activities are set up and who is 

responsible for each innovation 

activity. However, integration 

in processes and operations can 

still be improved. 

A clear structure for innovation is 

present and is incorporated in the 

organizational structure and 

processes. It is known which 

business units, teams and managers 

have functional and financial 

responsibility for undertaking 

different parts of the innovation 

process. 
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Measurable 

Results 

The degree to which the  

organization measures, 

evaluates and stores suitable 

input, throughput and output 

indicators. 

Results are not measured 

or evaluated. 

Results are measured 

and reflected upon 

when a project team or 

employee takes its own 

initiative. 

Financial and non-

financial metrics are 

stored in every project. 

This data is not 

integrated or 

summarized in a 

comprehensive tool.  

Within an integrated database, 

innovation results are 

measured and evaluated upon. 

Employees are able to access 

this tool. 

Financial and non-financial metrics 

are stored and made transparent for 

all employees. The metrics are 

presented on a regular basis and are 

easily understandable for everyone 

throughout the organization. These 

metrics are compared to the 

previously defined KPI's and 

translated into the continuously 

developing innovation strategy. 

Organizational 

Learning 

The degree to which previous 

experiences are reflected upon 

and incorporated in decision-

making processes.  

There are no prior 

innovation activities in 

place to learn from. 

Innovation activities 

are carried out without 

incorporating any 

previous experiences. 

There is no formal 

evaluation or reflection 

process in place. 

Project managers 

briefly reflect after 

each innovation project 

without documentation 

on these learning 

outcomes. 

A formal evaluation process 

ensures that all employees 

reflect upon innovation 

projects. This documentation is 

accessible by all employees for 

learning purposes. 

Projects are seen as either a success 

or a learning outcome, reflection is 

done abundantly and previous 

experience is stored and actually 

used in current innovation activities. 

C
u

lt
u

re
 

Leadership & 

Inspiration 

The extent to which managers  

are actively involved in 

innovation activities and 

inspire employees to pro-

actively innovate. 

Leadership discourages 

innovation activities. 

Innovation outcomes 

are not shared or 

visible within the 

organization.  

Sporadically, 

innovation success is 

shared by initiative of 

enthusiastic employees. 

Colleagues support 

each other in terms of 

innovation initiatives. 

The organization structurally 

selects important innovation 

success stories and shares them 

among employees. 

Flag-ship projects are spread through 

the entire firm, leadership in all 

layers are committed to innovation 

activities. Successes and also failures 

are shared through the organization. 

Employees on all levels inspire and 

stimulate each other to innovate. 

Cross-

functional 

Collaboration 

The extent to which employees 

collaborate with each other 

throughout the entire 

organization. 

Employees are solely 

focused on their own task 

description, not working 

in a joint setting in which 

employees work on 

improvement projects. 

Employees majorly 

focus on their formal 

task description and see 

interaction with other 

colleagues as means to 

finish these tasks. They 

innovate for their own 

good. 

Innovation is 

exceptionally done in 

cross-functional teams, 

however, the major part 

of innovation activities 

are executed for the 

good of the own team 

or business unit. 

Cross-functional collaboration 

is stimulated by the 

organization by the 

composition of innovation 

teams with different 

backgrounds. This accelerates 

the willingness and experience 

of employees to work with 

colleagues with different 

backgrounds. 

A readiness to interact with all types 

of colleagues exists beyond formal 

role and task descriptions. Innovation 

is done for the greater good of the 

cross-functional 

team/department/organization. 

Tolerance of 

Failure 

The degree to which risk 

taking is accepted and both 

successes and failures are 

celebrated and acknowledged. 

Failure in innovation 

activities is punished 

severely by formal actions 

such as employee lay-off, 

which discourages others 

to engage in innovation as 

well. 

Failure in an innovation 

project is punished by 

image loss of 

employees involved in 

this project. However, 

no formal punishment 

is present. 

Employees engaged in 

innovation failures are 

not punished or, 

without reflection, 

blamed for the 

innovation failure in 

any way. 

Innovation failures are 

expected and acknowledged by 

the organization. Programs are 

in place that ensure a culture 

switch from 'failure' to 

learning, in which employees 

involved in 'failure' are 

appraised.  

People who take the courage to 

innovate are acknowledged and 

respected, regardless of the 

innovation outcome. There is 

guidance and support for employees 

after innovation projects to translate 

failure into learning. 
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Appendix H.2 High-level visual representation of the main elements of the Innovation Capability Maturity Model, Delphi round 3 
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Appendix H.3 Visual representation of the elements and sub-elements of the Innovation Capability Maturity Model, Delphi round 3 
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Appendix H.4 Results Delphi round 3: main elements 

 

Appendix H.5 Results Delphi round 3: sub-elements and maturity levels 
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Appendix H.6 Factor mapping New Product/Service Success meta-analyses and ICMM  

Product/ Service offering characteristics 

Evanschitsky et al. 

(2012) 

Storey et al. (2016) ICMM Notes 

Product advantage Service offering 

advantage  

- Product or service offering characteristics are not included in the ICMM, since these characteristics address 

the product-level rather than the firm-level innovativeness. 

Product meets 

customer needs  

Service responsiveness   

Product price -   

Product 

technological 

sophistication  

Technological 

sophistication 

  

Product 

innovativeness 

Service innovativeness    

- Proficient operations 

and delivery systems 

  

- Service quality   

Strategy characteristics 

Evanschitsky et al. 

(2012) 

Storey et al. (2016) ICMM Notes 

Marketing synergy Synergistic strategy  Portfolio Management The synergistic strategy is represented in the Portfolio Management sub-element in the fourth and fifth 

maturity level, as incorporating the synergy with organizational capabilities in the decision making process. 
Technological 

synergy  

Order of entry - Understanding Trends The order of entry is incorporated in the highest maturity level of the Understanding Trends sub-element, by 

mentioning the careful planning of the launch according to trend understanding. 

Dedicated human 

resources  

Dedicated human 

resources  
(*categorized in 

organizational 

characteristics) 

People - 

Dedicated R&D 

resources  

Innovation resources 
 (*categorized in 

organizational 

characteristics) 

Resources - 

Company resources 
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 Strategic orientation Strategic orientation Vision & Strategy The strategic impetus is captured in the sub-element Communication & Roll-out, while strategy focus and 

orientation is addressed in the sub-element Strategic Plan. 

- Innovation strategy  Vision & Strategy - 

Process characteristics 

Evanschitsky et al. 

(2012) 

Storey et al. (2016) ICMM Notes 

Structured approach Formal/structured 

development  

Innovation Process - 

Predevelopment task 

proficiency 

Predevelopment task 

proficiency  

Innovation Process The proficiency of the execution of the innovation process is incorporated in the ICMM in the definition and 

in the two highest maturity levels.  

 Marketing task 

proficiency 

Marketing research task 

proficiency  

 Technological 

proficiency  

Technical development 

proficiency 

Launch proficiency  Launch proficiency 

Reduced cycle time  Efficiency of 

development process 

 

Market orientation  Market orientation 
 *(categorized in strategy 

characteristics) 

Trends & Development - 

Customer input Customer 

integration/input 
 *(categorized in team 

characteristics) 

Open Innovation Customer input is defined as a type of knowledge that needs to be taken into account in open innovation. 

Cross-functional 

integration 

Cross-functional 

integration  
*(categorized in team 

characteristics) 

Cross-functional collaboration - 

Cross-functional 

communication 

Internal communication 
 *(categorized in team 

characteristics) 

Internal Knowledge Network - 

Senior management 

support 

Senior management 

support  
* (categorized in 

organizational 

characteristics) 

Leadership & Inspiration - 

Marketplace characteristics 

Evanschitsky et al. 

(2012) 

Storey et al. (2016) ICMM Notes 
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Likelihood of 

competitive response  

Market attractiveness  Trends & Development - 

Market potential 

Competitive 

response intensity 

Market turbulence Trends & Development - 

Environmental 

uncertainty 

Environmental 

uncertainty 

Trends & Development The environmental uncertainty is captured in the words ‘regulatory and technological trends’ in the definition 

of this sub-element. 

Organizational characteristics 

Evanschitsky et al. 

(2012) 

Storey et al. (2016) ICMM Notes 

Organizational 

climate  

Team/organizational 

climate  
*(categorized in team 

characteristics) 

Cross-functional Collaboration In the second and highest maturity levels of the sub-element Cross-Functional Collaboration, the governance 

in decision making is explicitly mentioned. 

Project/organization 

size  

Project size - The project size is a project-dependent characteristic, not a firm-dependent characteristic, and is therefore not 

included in the model. 

Firm size   - The firm size is not included in the ICMM, since it is not desirable to influence the firm size to increase 

innovation capability. Furthermore, a weak and non-significant relation with respectively NPS and NSS are 

reported in the meta-analyses. 

Organizational 

design  

Organizational design Governance - 

External relations External relations 
 *(categorized in team 

characteristics) 

External Partners - 

Degree of 

centralization  

Team empowerment  
*(categorized in team 

characteristics) 

Support Tools The degree of bureaucratization is included in the highest maturity level, as not being an administrative 

hurdle.  

Degree of 

formalization 

-  
(*captured in 

formal/structured 

development) 

Innovation Process - 

- Firm reputation - The firm reputation is not included in the ICMM, since there is no correlation between firm reputation and 

new service success in the study of Storey et al. (2016). 

- Firm age - The firm age is not included in the ICMM, since influencing this factor is not in the control of the 

organization. 

- Innovation culture  Culture - 

- Absorptive capacity Open Innovation - 
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Team characteristics 

Evanschitsky et al. 

(2012) 

Storey et al. (2016) ICMM Notes 

- Front-line staff 

involvement  

Open Innovation Front-line staff involvement is defined as a type of knowledge that needs to be taken into account in open 

innovation. 

- Knowledge integration 

mechanisms  

Open innovation - 
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Appendix H.7 Changes made to the ICMM according to results Delphi round 3 and theoretical mapping of 

maturity levels and new product and service development best practices. 

Overall Structure and comments 

The overall structure of the model received a 8,2 on a scale from 1 to 10. Another comment made by a 

panelist was that the model should emphasize the integration with primary organizational structure and 

processes more thoroughly. Now, he argued, innovation is seen as a separate entity, which ideally is not 

the case. This feedback has been incorporated in the structuring of the maturity levels, especially in the 

highest maturity level (see selecting the maturity levels later in this section). 

Main Elements 

The main elements vision & strategy and culture were unanimously considered as elements that could 

stay in the model in its current form. As for the main element process & governance , one expert panel 

member mentioned that the main elements in general needs to reflect the integration of the innovation 

process with the primary organizational processes more clearly. As for the main element value network, 

one expert member voted for the deletion of the word value. However, this expert was the only one, so the 

title remained unchanged. The main element resources also received change suggestions. Two panelists 

suggested a name change, of which one considered enablers to be more appropriate, and the other 

suggested core competences. However, since the majority voted in favor of the title, and the enablers title 

was not considered appropriate in the previous Delphi round, the decision has been made to remain the 

title resources. As for result management, three panelists were not satisfied with its title. One of them 

suggested the word achievements, one of results & feedback loop, and one of them ‘innovation 

management’. To stimulate consensus, we have chosen to name this main element results & feedback.  

Maturity levels 

As for the maturity levels, the majority of the expert panel suggested to make the difference between 

maturity levels more explicit. For instance, the levels very low and low were frequently mentioned to be 

too similar. Furthermore, one panelist suggested to use four maturity levels instead of five. In response to 

this feedback, the decision has been made to take a step back, review maturity levels proposed in 

academic literature, and appropriately select maturity levels in accordance with the proposed artifact. 

Table 9.2 shows an overview of maturity levels proposed in literature of maturity models assessing 

innovation capability. 

Table 8.2 Overview of maturity level names in prior research 

 Level 1 Level 2 Level 3 Level 4 Level 5 

Müller-Prothmann & Stein 

(2011) 

chaotic organized standardized  predictable ‘innovation 

black belt’ 

Essmann (2009) ad-hoc  defined  supported  aligned synergized 

Blommerde & Lynch (2016) initial managed defined measured  optimizing 

Bouras, Eynard, Foufou, & 

Thoben (2015) 

chaos low intermediate mature best practice 

Caetano (2017) incipient initial defined developed excellent 

Dervitsiotis (2010) very poor poor average good very good 

El Bassiti & Ajhoun (2017) awareness defined  linked  managed  sustained 

Enkel et al. (2011) initial/arbit

rary  

repeatable  defined  managed  optimizing 

Figueiredo & Brito, (2012) basic  intermediate  advanced  world-  
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leading 

Gi-Du Kang (2006) Dependent from process area 

Li, Chen, & Shen (2010) initial coached institutionalized  managed  synergized  

Rapaccini, Saccani, Pezzotta, 

Burger, & Ganz (2013) 

Initial repeatable defined managed  optimized 

Rui & Jintao (2007) Initial repeatable defined managed  optimized 

Serpell & Alvarez (2014) basic accepted conscious systematic

al  

optimized 

Since the majority of the innovation capability maturity models distinguish five maturity levels, we 

decided to apply this number of maturity levels as well in the ICMM.  

We distinguish the following maturity levels for the innovation capability maturity model: ad-hoc, low, 

intermediate, high, excellent. We chose these levels since they are ordinal in its nature, which makes them 

easily interpretable and compatible with Likert scales for validation purposes. 

Changes in sub-elements and maturity levels 

Scanning Trends – Two expert panel members judged the word ‘scanning’ not appropriate since this sub-

element addresses more than the mere scanning of trends (the content also includes evaluating and 

selecting trends). The title has therefore been changed to Understanding Trends. Furthermore, one expert 

panel member suggested the addition of the word ‘socio-economic’ within the definition. Another panelist 

advised to emphasize the scanning of a broad range of trends within the highest maturity levels. Both 

suggestions have been incorporated in the final model.  

Another criterion has been added to the highest maturity level of this sub-element, derived from the 

mapping of CSFs in literature (Evanschitzky et al., 2012; Storey et al., 2016)., which describes that 

launches are planned according to trend understanding of the organization. 

Defined Strategy – Two panelists commented on the medium maturity level, arguing that alignment with 

the organizational strategy should not be mentioned explicitly. Furthermore, two experts thought the title 

defined strategy was not appropriately reflecting its definition, since the content of the sub-element 

reflects more than just defining a strategy. Therefore the name has been changed to ‘strategic plan’. 

Furthermore, long-term orientation has been added as criterion in the highest maturity levels (Robert G 

Cooper et al., 2004).  

Communication & Roll-out – Two experts expressed doubt about whether it is necessary to include 

employees in the development of the strategy. They mentioned that of course it is good to incorporate 

some employees, but that it should not indicate maturity in this sub-element. Therefore, this criterion has 

been deleted.  

People – Two panelists argued that the link with the existing employee base is missing, since many 

people working in innovation projects are recruited from current employees working in the organization. 

This reference has been added to the fourth maturity level.  

From literature (Evanschitzky et al., 2012; Storey et al., 2016)., the dedication of innovation project teams 

is proven to be an important success factor for new product and service success. Therefore, the word 

‘dedicated’ has been added to the definition and in the highest two maturity levels. 

Time & Budget – Two panelists mentioned that the definition of this sub-element could be focused more 

on the organizational level rather than the employee-level. Furthermore, two expert panel members 
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mentioned that the logic of the maturity levels could be improved. This feedback has been incorporated 

by thoroughly investigating the relations between the maturity level characteristics and their descriptions.  

Support Tools – As for the support tools sub-element, one expert panel member mentioned that support 

tools can be applied in a broader sense than that the definition now describes. He suggested the addition 

of communication and knowledge sharing in the definition. This has been added to the model. The one 

panelists that voted for ‘remove’ argued that this sub-element overlaps with the process & governance 

element, in which it could be incorporated in all 3 sub-elements. However, due to the fact that no other 

expert shared their opinion with him, the decision rule applies and no change has been made. 

External Partners – All expert panels voted unanimously for stay of this sub-element and its maturity 

levels.  

Internal Knowledge Management – As for this sub-element, one Delphi panelist mentioned that it 

overlaps significantly with the governance sub-element, since in the maturity levels the criterion of 

formally appointing innovation champions is incorporated. This coincides, according to her, with the 

content of formally appointing responsibilities for innovation. Therefore, the decision has been made to 

focus this sub-element on the intensity of knowledge sharing and appointment of boundary spanners (who 

are responsible for knowledge sharing) rather than appointment of innovation responsibilities. 

Furthermore the title has been changed to internal knowledge network, since the feedback was received 

that this title is more appropriate. 

Crossing Boundaries – Two expert panel members suggested to name this element ‘open innovation’, 

since this is a more common term than crossing boundaries. Therefore, the title has been changed. 

Besides, the feedback has been given that the criterion for selling IP in the top maturity level is not legit, 

since selling IP does not mean that an organization is mature in this sub-element. Therefore, this criterion 

is deleted.  

Furthermore, the role of customer input and integration, derived from the meta-analyses previously 

investigated (Evanschitzky et al., 2012; Storey et al., 2016), is emphasized more thoroughly in the 

maturity levels, since it is defined as a success factor of NPS and NSS. It was already implicitly classified 

as ‘knowledge transfer’, but in the final model, customer input and integration is mentioned explicitly to 

show its importance within the innovation capability. 

Innovation Funnel – As for the title of this sub-element, two expert panel members suggested the 

renaming in ‘innovation process’, since funnel is still somewhat unclear. Therefore, the name has been 

changed back to innovation process. Furthermore, the definition has been adjusted slightly in wording, 

emphasizing decision moments and the importance of clearly defined criteria. Next to this, the connection 

with other organizational processes has been incorporated in the higher two maturity levels, since the 

feedback was given to incorporate this connection within this sub-element. 

From the analysis of NPD and NSD success factors (Evanschitzky et al., 2012; Storey et al., 2016)., we 

have derived two extra criteria for this sub-element. Firstly, the execution proficiency is included in the 

definition and emphasized in the highest two maturity levels. Secondly, the word ‘efficient’ is added in 

the highest maturity level. 

Portfolio Management – The term ‘centralized’ has been deleted from the definition, since the note was 

made that decision making is not necessarily centralized in the meaning that it is only done by one unit of 

the organization. It is also possible to let multiple business units decide. Furthermore, one expert panel 

member suggested the addition of the words ‘decision making’ in the definition, which have been added. 
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Another suggestion was to emphasize the difference between intuitive decision making and formal 

decision making in the maturity levels.. Furthermore, an expert suggested to include the dependence of 

the innovation strategy to portfolio decision making, since these are considered to be closely connected. 

Besides, the comment has been made that the words implicit overview in the second maturity level were 

not clear. Therefore this has been changed to incomplete overview. 

From the mapping exercise mentioned before (Evanschitzky et al., 2012; Storey et al., 2016)., we derived 

an extra criterion in the highest two maturity level: keeping the synergy with organizational capabilities in 

mind within the decision making process.   

Governance – As for governance, one expert panel member mentioned that governance includes acting 

upon the formal responsibilities. Therefore the words ‘acted upon’ have been added to the definition. 

Furthermore, the comment has been made that ‘can be improved’ in the fourth maturity level is too vague 

and should be more explicitly defined. Therefore, the decision has been made to delete this sentence.  

Derived from literature (Evanschitzky et al., 2012; Storey et al., 2016)., we add a new criterion within the 

highest maturity levels: the one of team empowerment/autonomy of decision making for project teams.  

Giving project teams autonomy in several decision-making processes is proven to be a new success factor 

for NPS and NSS.  

Measurable Results – One expert panel member suggested an adaptation in the third maturity level, since 

he argued that it is more common that results are measured, but not accessible to all employees. Therefore 

we have deleted the integrated database criterion and only included it in the highest maturity levels. 

Furthermore, the transparency of metrics was emphasized more, since it was considered as extremely 

important for this sub-element. However, another expert panel member noticed that not all metrics should 

be available for all employees, since some of these are confidential. Therefore not all employees should 

be able to access the metrics, but the right employees. We also added some examples of metrics in the 

definition, in order to make the sub-element more clear, since it was still considered relatively vague. 

Organizational Learning – As for this sub-element, two expert panel members argued that the very low 

maturity level is practically impossible.  Furthermore, one expert panel member argued that the top 

maturity level was too similar to the high maturity level. Therefore, especially the logic in the maturity 

levels have been thoroughly investigated and changed according to the characteristics of the organization 

per maturity level. 

Leadership & Inspiration – Two out of nine panelists mentioned that the first level of this sub-element is 

rarely seen in practice. Therefore, the first and second maturity level have been combined as the first one. 

Furthermore, one expert mentioned that the ‘leadership’ part of this sub-element should be emphasized 

more in the higher maturity levels.   

Cross-functional Collaboration – As for cross-functional collaboration, one of the expert panel members 

mentioned that the word team should be added to the definition. This feedback has been incorporated in 

the model. 

Furthermore, within the highest maturity level, ‘innovation for the good of the organization’ is rewritten 

to ‘decision making in innovation projects is governed by the shared values of and norms of the 

organization’. This is done to make this criterion more explicit and in line with the meta-analysis success 

factor for NPS and NSS called ‘organizational climate (Evanschitzky et al., 2012; Storey et al., 2016).’. 

Tolerance of Failure – One expert mentioned that the difference between failure in managing or 

executing an innovation project and failure of an innovation results could be made more explicit in the 
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model. This feedback has been incorporated in all maturity levels, in which organizations in the lowest 

maturity levels do not distinguish between innovation result failure and innovation project failure, while 

organizations in higher maturity levels do.
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Appendix I The final Innovation Capability Maturity Model 

Appendix I.1 Textual representation of the final Innovation Capability Maturity Model 

The Innovation Capability Maturity Model 

Main Element Sub-element Definition Level 1: Ad-hoc Level 2: Low Level 3: Intermediate Level 4: High Level 5: Excellent 

Vision & Strategy Strategic Plan The extent to which an 

innovation vision and 

mission are present and 

translated into a clear 

long-term strategy, 

actionable goals and Key 

Process Indicators 

(KPIs). 

There is no clear 

innovation vision, 

mission or strategy 

defined. 

A strategic innovation 

plan is present, 

focused on the short-

term. 

A long-term 

innovation vision, 

mission and strategy 

are present and well-

documented, strategic 

focus areas are clearly 

defined. 

A strategic plan for 

innovation is present, well-

documented, focuses on the 

long-term and is 

incorporated in the 

organizational strategy. It 

is translated into actionable 

goals and KPIs. 

There is a clear, actionable, 

long-term innovation 

strategy plan in place, 

which is continually in 

development according to 

latest trend insights and 

organizational strategy 

adaptations.  

Understanding Trends The extent to which 

socio-economic, market, 

technology, regulatory 

and customer trends are 

scanned, understood, 

evaluated and selected 

for innovation purposes. 

Scanning and 

understanding trends 

is dependent on 

individuals with 

interest in current 

developments.  

The organization has 

appointed employees 

responsible for 

scanning trends. 

Trends are not 

evaluated upon or 

selected for innovation 

purposes. 

Next to scanning and 

understanding trends, 

appointed employees 

evaluate and select 

relevant trends to act 

upon. 

A diverse range of trends is 

pro-actively scanned, high 

potential trends are 

selected and incorporated 

in the innovation strategy. 

A cyclical approach to 

identifying, evaluating and 

selecting trends is present 

which encourages all 

employees to participate in 

environmental scanning. 

Complex customer needs 

are analyzed and 

understood. Launches of 

innovations are planned 

carefully according to trend 

understanding.  

Communication & Roll-out  The extent to which the 

innovation vision and 

strategy are 

communicated to and 

incorporated in the day-

to-day work of 

employees. 

Employees are not 

aware of the 

existence of an 

innovation strategy. 

Among employees, a 

vague awareness exists 

regarding the presence 

of an innovation 

strategy. However, the 

content of this strategy 

is not known.  

Employee awareness 

of the innovation 

strategy is high and 

this awareness is 

incorporated in the 

day-to-day operations 

of employees. 

Employees in all layers are 

fully aware of the content 

of the innovation strategy 

and act upon this strategy 

in the day-to-day 

operations. The innovation 

strategy is formally 

embedded in and translated 

into decision making 

processes in the 

organization. 

Full awareness of the 

innovation strategy is 

present among all 

employees, day-to-day 

operations and decision-

making processes reflect 

this strategy seamlessly. 

The awareness of the 

innovation strategy among 

employees is constantly 

measured, evaluated and 

improved. 

Value Network External Partners The extent to which the 

organization is involved 

in collaboration with 

innovation partners or 

networks such as start-

ups, research institutions 

and other organizations. 

The organization is 

not involved in any 

explicit 

collaboration with 

external partners for 

innovation purposes. 

Partner relations are 

solely acquired and 

maintained for 

operational 

purposes. 

Existing operational 

relations are 

irregularly used for 

innovation activities. 

Current innovation 

partner relations are 

known and exploited. 

Potential innovation 

partners are regularly 

scanned and selected 

for collaboration. 

A diverse range of external 

partner relations for 

innovation purposes is 

present and exploited, 

potential partners are 

scanned and selected 

continuously. 

The organization is skilled 

in deploying a diverse range 

of existing relations and 

initiating new relations for 

innovation purposes. The 

organization consistently 

evaluates and revises 

innovation partnerships and 

has an attractive image of 

being an innovation partner. 

Internal Knowledge Network The extent to which 

employees can find the 

right people and have 

Knowledge sharing 

for innovation 

purposes takes place 

Irregular contact 

between teams and 

departments is 

Boundary spanners 

(employees 

responsible for 

The organization actively 

pursues internal knowledge 

sharing by the appointment 

Employees know where to 

find the right people for the 

right information. A 
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access to necessary 

information for 

innovation purposes. 

sporadically among 

employees who find 

each other by 

coincidence. 

established due to 

multi-functional 

projects and informal 

internal connections. 

knowledge sharing) 

are selected and 

appointed in order to 

stimulate knowledge 

sharing.  

of boundary spanners and 

by the offering of 

knowledge sharing support 

tools.  

knowledge sharing support 

tool is present in the 

organization, is frequently 

used and constantly 

improved. 

Open Innovation The extent to which the 

organization is able to 

acquire and apply 

knowledge across 

organizational and 

internal boundaries for 

innovation purposes. 

Knowledge transfer 

(such as customer 

input or Intellectual 

Property (IP)) across 

organizational or 

internal boundaries 

takes place in an ad-

hoc manner; 

translation to 

practical application 

of this knowledge is 

scarce. 

Knowledge transfer 

across boundaries 

takes place 

occasionally, 

translation to practical 

application is 

frequently established. 

IP is acquired, sold and 

used properly 

considering its 

suitability with the 

competences of the 

organization. 

Customer input is 

frequently used in 

innovation activities. 

Knowledge transfer crosses 

boundaries continuously 

and synergistically, 

providing a continuous in- 

and outflow of diverse 

knowledge (such as IP, 

customer/(front-line) 

employee input and 

feedback) within the 

innovation process. The 

ability to transform this 

knowledge into profitable 

results is well-developed. 

The firm is able to cross its 

external and internal 

boundaries consistently in 

terms of IP management, 

customer/employee 

integration and knowledge 

acquisition and is able to 

fully exploit its potential in 

innovation activities. It 

reflects upon the results of 

knowledge integration 

results in order to improve 

the open innovation 

capability on a continuous 

basis. 

Process & Governance Innovation Process The extent to which an 

innovation process is 

present and well-

executed, in which 

criteria for every stage 

and decision moment are 

clearly defined. 

No explicitly 

defined innovation 

process is in place. 

An innovation process 

is explicitly defined 

and documented. 

Decision criteria for 

each stage are not 

defined explicitly. 

The innovation process 

is explicitly defined, 

documented and has 

clear decision 

moments and decision 

criteria for each stage 

of the process.  

For each type of 

innovation, a clear 

innovation process, its 

stages and criteria are 

explicitly defined, 

documented and used in 

practice. These innovation 

processes are executed 

with proficiency and 

seamlessly aligned with 

other organizational 

processes. 

Different processes with 

gates and clear criteria are 

established for different 

types of innovation, which 

are aligned with other 

organizational processes. 

The organization is skilled 

in the proficient and 

efficient execution of these 

processes. An after-launch 

process is defined in which 

organizational processes are 

re-designed in order to 

embed the innovation into 

the organization. The 

design, efficiency and 

execution of these 

innovation processes are 

constantly evaluated and 

improved. 

Portfolio Management The extent to which a 

holistic overview of the 

innovation projects is 

taken into account in 

decision making for 

project prioritization.  

Decision making in 

project selection is 

done intuitively, not 

considering the 

holistic overview of 

all innovation 

projects. 

Projects are selected 

according to an 

incomplete overview 

of the collection of 

innovation projects. 

An explicit overview 

of all innovation 

projects is present and 

complete. This 

overview is used to 

prioritize innovation 

projects. 

Decision making is done 

by an independent panel by 

addressing the explicit, 

complete overview of all 

innovation projects of the 

organization. Within this 

decision-making process, 

the innovation strategy and 

synergy with 

organizational capabilities 

are directive. 

Decision making in project 

prioritization is done by 

independent stakeholders 

with the explicit portfolio of 

innovation projects, the 

innovation strategy and 

synergy with organizational 

capabilities in mind. The 

organization knows the 

desired proportion of the 

innovation types (which is 

updated regularly) and 

makes decisions 

accordingly. 
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Governance The extent to which 

responsibilities for 

innovation are explicitly 

defined and acted upon. 

Responsibilities for 

innovation are not 

formally defined. 

Employees take 

responsibility for 

innovation activities 

on an ad-hoc basis. 

A formal structure for 

executing innovation 

activities is present, 

but not fully 

incorporated in the 

organizational 

structure and 

processes. 

It is clear how 

innovation activities 

are set up and who is 

functionally 

responsible for each 

innovation activity. 

This is reflected in the 

organizational 

structure and 

processes.  

A clear structure for 

innovation is present, in 

which centralized and 

decentralized autonomy in 

decision making is defined. 

The innovation structure 

covers functional and 

financial responsibility, 

and is integrated and 

aligned with the overall 

organizational structure 

and primary processes. 

A clear structure for 

innovation with regards to 

functional and financial 

responsibility is present, 

integrated and aligned with 

organizational structure and 

processes, and continuously 

in development. Project 

teams are empowered to 

make decisions 

autonomously. 

Results & Feedback Measurable Results The extent to which the 

organization measures, 

evaluates and stores 

suitable input, 

throughput and output 

indicators for innovation 
(e.g. number of ideas, project 

duration, financial results). 

Innovation results 

are measured and 

reflected upon if a 

project team or 

employee takes the 

initiative to do so. 

The organization has 

defined some basic 

metrics which are 

relevant in each 

innovation project. 

Innovation metrics are 

stored accordingly in a 

part of the innovation 

projects. 

Relevant metrics are 

defined and stored by 

the organization in 

every innovation 

project. 

Innovation project related 

metrics (financial and non-

financial) are defined, 

measured and stored in an 

integrated database. 

Suitable metrics are 

transparent for different 

kinds of employees. 

Financial and non-financial 

metrics are stored, easily 

understandable and made 

transparent appropriately for 

different employees. The 

organization continuously 

reflects and updates the 

metrics defined as relevant. 

These metrics are compared 

to the previously defined 

KPI's and translated into the 

continuously developing 

innovation strategy. 

Organizational Learning The extent to which 

previous experiences are 

reflected upon and 

incorporated in decision-

making processes.  

Innovation activities 

are carried out 

without 

incorporating 

previous 

experiences. 

Evaluation is 

embedded as a phase 

of the innovation 

process. Project 

managers briefly 

reflect after each 

innovation project 

without documentation 

on these learning 

outcomes. 

A formal evaluation 

process ensures that 

employees reflect upon 

innovation projects. 

This documentation is 

bundled in a project 

management tool. 

A formal evaluation 

process is in place, 

documentation is stored, 

accessible and used by 

employees for learning 

purposes. 

The formal evaluation 

process is constantly 

improved by integrating 

employee feedback into its 

development. 

Documentation of former 

projects is stored, without 

being an administrative 

hurdle, and accessible and 

used by employees to learn 

from. 

Resources People The extent to which 

dedicated people with 

the right (technological) 

capabilities are working 

on innovation projects. 

People are hired and 

allocated to 

innovation project 

teams on an ad-hoc 

basis. 

The organization is 

aware of which 

competences are 

necessary for 

innovation, but these 

are not made explicit 

or acted upon. 

Desired capabilities 

are known and 

embedded in the 

training programs for 

existing employees. 

Capabilities for innovation 

are known and actively 

pursued in employee 

selection and training. 

Innovation project teams 

are dedicated and carefully 

selected, in which the 

potential of the existing 

employee base is taken into 

account. 

Innovation competences for 

employees are known, 

constantly in development, 

and actively embedded in 

the HRM processes. 

Innovation is performed in 

carefully pre-selected, 

cross-functional and 

dedicated teams with 

accountable key knowledge 

holders. The composition of 

these teams is continuously 

measured, evaluated upon 

and improved. 
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Time & Budget The extent to which an 

organization makes time 

and budget available to 

invest in innovation 

activities. 

No budget is 

allocated for 

innovation purposes, 

which forces 

employees to 

innovate using their 

own resources. 

On an irregular basis, 

innovation activities 

are allocated time and 

budget, as long as 

operational activities 

are still the priority. 

Employees are 

encouraged to innovate 

by the presence of a 

procedure to receive 

time and budget. 

The percentage of 

innovation budget with 

regards to the 

organizational budget 

allocation is clear. 

Employees are actively 

encouraged to make use of 

the time and budget 

allocation procedure.  

There is a clear and flexible 

budget available for each 

type of innovation, which is 

balanced with the 

organizational budget. 

Employees are given access 

to time (e.g.  a certain 

number of hours per week 

to work on own projects) 

and budget for innovation 

on a continuous basis. 

Support Tools The extent to which 

support tools (including 

IT) are present to 

support innovation (e.g. 

idea generation, 

communication, 

knowledge sharing and 

project and portfolio 

tracking). 

There are no tools 

available to support 

innovation. 

Small support 

initiatives are set up in 

order to stimulate 

innovation. 

Innovation support 

tools are present, 

functioning as separate 

systems. 

Several professional 

support tools are present 

and integrated, employees 

are actively encouraged to 

use these tools. 

Support tools are easy-to-

use, integrated with and 

available to all employees 

without being an 

administrative hurdle. These 

support tools are constantly 

evaluated and improved 

accordingly. 

Culture Leadership & Inspiration The extent to which 

managers are actively 

involved in innovation 

activities and employees 

are inspired to innovate. 

Leadership hardly 

encourages 

innovation activities. 

Innovation outcomes 

are not shared or 

visible within the 

organization.  

Leadership tolerates 

innovation initiative. 

Sporadically, the 

organization actively 

exposes innovation 

success to employees.  

Managers receive 

training in stimulating 

employees to innovate. 

The organization 

regularly selects 

important innovation 

success stories and 

shares them among 

employees. 

Leadership and peers 

actively stimulate 

innovation activities on all 

levels. Inspiration 

programs are structurally 

executed to stimulate 

innovation. 

Employees on all levels 

continuously inspire and 

stimulate each other to 

innovate on a structural 

basis. Flag-ship projects are 

spread through the entire 

organization. Outcomes of 

inspiration programs are 

measured, evaluated upon 

and improved continuously.  

Cross-functional Collaboration The extent to which 

employees collaborate 

cross-functionally with 

each other in the team 

and throughout the 

entire organization. 

Employees mainly 

focus on their formal 

task description and 

see interaction with 

other colleagues as 

means to finish these 

tasks.  

Innovation is 

occasionally done in 

cross-functional teams; 

however, the major 

part of innovation 

activities is executed 

according to the shared 

values and norms of 

the existing team or 

business unit. 

Cross-functional 

collaboration is 

stimulated by the 

organization by the 

composition of 

innovation teams with 

different backgrounds. 

Training programs are in 

place to train employees in 

cross-functional 

collaboration skills. A 

readiness to interact with 

all types of colleagues 

exists beyond formal role 

and task descriptions. 

Employees are skilled in 

working with colleagues 

with different backgrounds, 

collaboration is pro-actively 

sought and exploited. 

Decision making in 

innovation projects is  

governed by the shared 

values and norms of the 

organization. 

Tolerance of Failure The extent to which risk 

taking is accepted and 

both innovation 

successes and failures 

are celebrated and 

acknowledged. 

Failure in innovation 

results can have 

negative 

consequences 

through some formal 

actions, which 

discourage others to 

engage in 

innovation. 

Failure of an 

innovation outcome 

can lead to a loss of 

image for the 

employees involved in 

the project. However, 

no formal action is 

taken by the 

organization. 

The organization 

distinguishes failure of 

innovation outcome 

and failure of 

innovation project 

execution and acts 

accordingly towards 

employees.  

Failure of innovation 

results are expected and 

acknowledged by the 

organization. Programs are 

in place that ensure a 

culture switch from 'failure' 

to learning, in which 

employees involved in 

'failure' are appraised.  

Employees who take the 

courage to innovate are 

continuously acknowledged 

and respected, regardless of 

the innovation outcome. 

Employees talk openly 

about failure and their 

learning experiences. 
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Appendix I.2 High-level visual representation of the main elements of the final Innovation Capability Maturity Model 
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Appendix I.3 Visual representation of the elements and sub-elements of the final Innovation Capability Maturity Model 
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Appendix J Indicators used for assessing the innovation capability maturity 

ID Question 

VS_1 To what extent are an innovation vision and mission are present and translated into a clear long-term strategy, 

actionable goals and Key Process Indicators (KPIs)? 

VS_2 To what extent are socio-economic, market, technology, regulatory and customer trends are scanned, understood, 

evaluated and selected for innovation purposes? 

VS_3 To what extent are the innovation vision and strategy are communicated to and incorporated in the day-to-day 

work of employees? 

VN_1 To what extent is the organization is involved in collaboration with innovation partners or networks such as start-
ups, research institutions and other organizations? 

VN_2 To what extent are employees able find the right people and have access to necessary information for innovation 

purposes? 

VN_3 To what extent is the organization able to acquire and apply knowledge across organizational and internal 
boundaries for innovation purposes? 

PG_1 To what extent is an innovation process present and well-executed, in which criteria for every stage and decision 

moment are clearly defined? 

PG_2 To what extent is a holistic overview of the innovation projects is taken into account in decision making for 
project prioritization? 

PG_3 To what extent are responsibilities for innovation explicitly defined and acted upon? 

RF_1 To what extent does the organization measure, evaluate and store suitable input, throughput and output indicators 

for innovation (e.g. number of ideas, project duration, financial results)? 

RF_2 To what extent are previous experiences reflected upon and incorporated in decision-making processes? 

RES_1 To what extent are dedicated people with the right (technological) capabilities working on innovation projects? 

RES_2 To what extent does the organization make time and budget available to invest in innovation activities? 

RES_3 To what extent are support tools (such as IT) present to support innovation (e.g. idea generation, communication, 
knowledge sharing and project and portfolio tracking)? 

CU_1 To what extent are managers actively involved in innovation activities and employees are inspired to innovate? 

CU_2 To what extent do employees collaborate cross-functionally with each other in the team and throughout the entire 

organization? 

CU_3 To what extent is risk taking accepted and are both innovation successes failures celebrated and acknowledged? 
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Appendix K Detailed description of the operationalization and adaptation of the 

Innovation Performance scale of Langerak et al. (2004) 

Operationalization of Innovation Performance  

For measuring innovation performance, we used a perceptual subjective performance scale in which 

respondents were asked to evaluate the innovation performance over the last three years of its 

organization regarding its competition in its sector. This subjective performance measure allows for a 

greater comparability, since standards can differ majorly across types of sectors and organizations. 

Furthermore, Dess and Robinson (1984) have found a strong correlation between a subjective and an 

objective performance indicators, and Venkatraman & Ramanujam (1987) found that data of informants 

exhibited less variance than archival data.  

We used a second-order scale derived from Langerak, Hultink, & Robben (2004), measuring new product 

performance in four categories: market-level, financial, customer acceptance and timing measures. This 

scale was adapted to (1) function for both new product and service success, (2) to suit the organizational 

level perspective of new product and service performance. We do so by adjusting the instructions to: 

‘Please use the following scale to indicate your extent of agreement about how well new products and/or 

services have performed over the last three years on each of the performance indicators mentioned 

below.’ Furthermore, we changed the 7-point Likert scale to a 5-point Likert scale to increase 

comparability with the innovation capability maturity construct (which is measured by a 5-point Likert 

scale as well). Research from Dawes (2008) shows that such a rescaling can be done without influencing 

the mean score significantly.  

Table 9.20 presents an overview of the performance indicators included in this study. Inclusion of 

performance indicators was based on the purification of items from the study of Langerak et al. (2004). 

Table 8.3 Innovation Performance scale derived from Langerak, Hultink, & Robben (2004) 

Innovation Performance (IP1) measures derived from Langerak, 

Hultink, & Robben (2004) 

Market-level measures (MA) 

IP_1 Met the revenue goals 

IP_2 Met the sales growth goals 

IP_3 Met the market share goals 

Financial measures (FI) 

IP_4 Return on Investment or Internal Rate of Return 

IP_5 Met the profitability goals 

IP_6 Development costs 

Customer Acceptance Measures (CA) 

IP_7 Customer acceptance 

IP_8 Customer satisfaction 

Timing Measures (TI) 

IP_9 Launch on time 

IP_10 Time-to-market 

. 
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Appendix L Survey Design for evaluation of the ICMM 
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Appendix M Survey distribution material 

Appendix M.1 Mail to participants for the survey (English) 

 

Dear ….., 

Short personal introduction 

Are you aware of how innovative your organization actually is? Curious in which areas of innovation you 

excel and which areas leave room for improvement? It only takes you 10 minutes to find out! Fill in the 

survey below, contribute to independent innovation research of the Eindhoven University of Technology 

and KPMG and receive an individual report of your score compared to benchmark scores from your 

sector. 

Click here to start the survey: http://icmm.bpmresearch.net  

What’s in it for you? 

 Gain insight in your strengths and weaknesses in organizational innovation capability 

 Receive a personalized report of your organizational innovation capability score benchmarked 

against industry group standards (see image below).  

 

Furthermore… 

http://icmm.bpmresearch.net/
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 Contribute to a large-scale empirical innovation research 

 Strengthen your innovation score by inviting more colleagues to participate in this research (we 

will aggregate the results for your company) 

 Sharing this research to other connections outside your organization makes benchmarking scores 

more reliable (and is greatly appreciated!) 

If you have any questions, feel free to contact the researcher (Sophie Arends) 

With kind regards, 

….. 

Click here to start the survey: http://icmm.bpmresearch.net  

Appendix M.2 Standard Social Media post (English) 

Curious in which areas of innovation your organization excels and which areas leave room for 

improvement? It only takes you 10 minutes to find out! Fill in the survey and receive a report of your 

individual innovation score in comparison with sector benchmark scores (And contribute to independent 

innovation research). http://icmm.bpmresearch.net  

 

  

mailto:s.c.arends@student.tue.nl
http://icmm.bpmresearch.net/
http://icmm.bpmresearch.net/
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Appendix M.3 Example report sent accompanied with the invitation for survey 

participation 
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Appendix N Detailed description of pre-processing steps undertaken before analysis 

In this appendix, we describe the step-by-step process for data pre-processing and corresponding results 

in detail. 

8.1.4 Identifying Suspicious Response Patterns 

Firstly, the data was analyzed on straight lining, which is a phenomenon in which the respondent marks 

the same response for a high proportion of subsequent questions. This resulted in the deletion of seven 

observations which were considered as suspicious by the researchers, leaving us with the amount of 111 

individual observations. 

8.1.5 Transformation sector 

Based on a first scan of the data, we identified several misclassifications in the sector question. For 

instance, when a professional service was offered, we noticed it being classified in the ‘other’ sector, with 

the motivation of the organization offering professional services. However, according to GICS industry 

classification, professional services are officially categorized in the ‘industrials’ sector. 

We therefore thoroughly inspected all ‘other’ classifications in order to see whether they were classified 

correctly. If not the case, the researcher adjusted the sector score to the appropriate sector classification. 

These adjustments resulted into 32 re-classifications.  

8.1.6 Aggregating data on firm-level 

Since we analyze the innovation capability maturity on firm-level, we aggregated responses by different 

employees in the same organization. While doing so we have made the assumption that respondents 

participating anonymously were from unique organizations. We identified 16 organizations which 

participated anonymously. 

Since we are working with two different types of variables (interval and categorical), we used two 

different aggregation methods for each type of variable. We aggregated the data measured in interval 

scales by calculating the mean of the scores of each organization. Subsequently, these scores were 

rounded up to its nearest one-digit score in order to remain consistent in the variable classification. Data 

aggregation for the categorical variables was done by calculating the median value of each organization. 

Missing values were ignored in the data-aggregation process. After aggregation, a sample of 90 

observations from unique organizations remained. 

8.1.7 Missing values 

Although all questions were mandatory to be answered, missing values were identified because of the 

N/A/Don’t know option which was present in the majority of the questions.  

For treating the missing values, we followed the 4-step process proposed by Hair, Black, Babin, & 

Anderson (1998). This 4-step process exists out of the determination of the type of missing data, the 

identification of the extent of missing data, the diagnosis of randomness of the missing data processes, 

and the selection of the imputation method.  

As for the first step, we determined that the type of missing data is not ignorable. Next, we identified the 

extent of the missing data. We discovered several cases with a high percentage of missing values in the IP 

construct. We therefore decided to omit the observations that included more than 40% of missing values 

in the questions of IP (Hair et al., 1998). This resulted into the deletion of seventeen cases.  

Then, we diagnosed the randomness of the missing data processes, by conducting independent 2-group t-

tests for the main elements of ICM and the overall ICM score. These returned no significant results. We 

finally performed Little MCAR test, which was also nonsignificant (p=0.10). Finally, from these 

observations, we concluded that the data is missing completely at random (MCAR). 
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We decided to use a model based approach to impute the remaining missing values, since these return the 

most reliable results for missing value imputation (Hair et al., 1998). We used Multiple Imputation (MI) 

for doing so, since it is a readily available solution with good properties (Schafer, 1999). The MI is a 

technique in which multiple datasets are simulated and combined to find the optimal values for 

imputation (Schafer, 1999). Its paradigm is based on Bayesian arguments which specify a parametric 

model for each variable, estimate a specific data distribution based on the complete data, and then takes 

multiple draws from this distribution and impute them in missing value slots (Rubin, 1987; Su, Yu-Sung, 

2011). We iterated this process 35 times, until convergence was reached and returned a satisfying imputed 

dataset. 

After missing value detection and imputation, the dataset contained the survey responses of 73 

organizations. 

8.1.8 Outlier Analysis 

Outlier detection was performed since outliers may affect multivariate analysis results (Hair et al., 1998). 

We detected outliers from several perspectives in order to look for a consistent pattern to identify such 

outliers. Univariate outliers were identified via boxplots, and multivariate outliers were detected by 

calculating the Mahalanobis Distance (MD). For determining the threshold value of when to identify a 

MD score as an outlier, we used the chi-square distribution table with a p-value < 0.001 and 27 degrees of 

freedom (corresponding to the number of variables (27)) to obtain a reliable result (Leys, Klein, 

Dominicy, & Ley, 2018). The threshold level of the MD was therefore 55.476, which none of the 

observations exceeded (See Appendix P). Therefore, no outliers were detected and we continued working 

with the dataset of 73 organizations. 

8.1.9 Data distribution 

Finally, we analyzed the data distribution of our dataset by analyzing skewness and kurtosis values (See 

Appendix Q for skewness and kurtosis values per variable). We found nine indicators that exceeded the 

rule of thumb (lower than -1 or higher than +1) provided by Hair et al.  (2017). However, since they do 

not exceed the rule of thumb majorly (the lowest value is -1.244), and taking the exploratory nature of this 

research into account, the decision has been made to not delete any indicators on the basis of the excess 

kurtosis.  

8.1.10 Sector bias 

To check whether sector bias was an issue, we aimed to check whether differences in the firm data of 

main model elements were present when the firms were grouped by sector. For doing so, we took the 

average of indicators for each model element. Since the data did not follow a normal distribution, we 

performed a Kruskal –Wallis test to analyze differences in groups, which is proven to be of higher 

statistical power than ANOVA when normality assumptions are violated (Hecke, 2012). This analysis 

resulted into a significant result for the main element VS. However, the post-analysis (Dunn test) returned 

no significant result for any particular difference in a pair-wise sector comparison in VS, and we therefore 

considered the sector bias to be ignorable. 
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Appendix N.1 Final dataset after data pre-processing 

ID VS

_1 

VS

_2 

VS

_3 

V

N_

1 

V

N_

2 

V

N_

3 

P

G_

1 

P

G_

2 

P

G_

3 

RF

_1 

R

F_

2 

R

ES

_1 

R

ES

_2 

R

ES

_3 

C

U

_1 

C

U

_2 

C

U

_3 

IP

_1 

IP

_2 

IP

_3 

IP

_4 

IP

_5 

IP

_6 

IP

_7 

IP

_8 

IP

_9 

IP

_1

0 

G

_6 

G

_7 

G

_8 

G

_9 

G

_1

0 

G

_1

1 

1 2 4 2 3 4 3 2 2 2 2 3 2 4 2 4 2 2 2 2 2 2 2 3 4 4 2 3 2 3 2 5 3 7 

2 3 4 4 4 2 3 1 3 2 3 3 4 4 3 4 4 4 4 4 5 3 2 2 4 4 2 2 3 2 3 5 3 7 

3 5 5 4 5 3 4 5 3 4 4 4 5 4 4 5 4 4 5 5 4 5 2 4 3 3 4 4 1 1 2 5 3 3 

4 4 5 4 5 3 4 5 4 3 3 4 2 5 4 4 5 3 3 4 4 4 3 3 4 4 3 4 3 2 5 5 3 7 

5 4 5 5 3 3 3 3 4 2 3 4 3 1 1 5 3 2 3 2 2 4 3 4 5 5 3 2 1 2 1 1 3 3 

6 4 4 3 5 3 2 4 4 4 2 4 4 4 4 4 3 4 4 4 3 4 4 4 5 3 4 5 1 3 4 5 3 8 

7 3 3 3 1 3 5 3 2 3 2 3 3 3 3 2 3 4 4 4 4 4 4 4 4 4 3 4 2 2 1 5 3 3 

8 4 3 2 3 2 2 1 3 4 3 3 4 2 2 4 3 4 4 4 4 4 3 2 4 5 2 5 2 1 5 5 3 5 

9 5 5 3 5 3 5 4 5 4 3 4 5 5 4 5 4 4 5 5 5 5 5 3 5 5 5 5 1 3 5 3 3 7 

10 3 4 2 5 5 3 3 5 1 2 4 4 5 4 5 5 5 3 4 3 3 4 4 4 5 2 2 1 2 5 2 3 3 

11 2 2 1 2 3 3 2 3 1 2 3 4 3 2 3 1 5 3 5 5 5 4 4 5 5 2 3 1 2 2 2 3 3 

12 5 5 5 4 2 3 5 4 4 3 4 5 5 5 4 1 2 2 4 2 2 2 4 4 4 2 2 2 3 5 5 3 7 

13 3 3 2 2 2 2 1 2 2 1 1 1 2 2 2 2 2 3 5 5 5 5 5 5 5 5 5 3 3 4 3 3 7 

14 3 4 4 5 5 5 2 4 4 4 2 5 5 4 5 5 4 3 3 3 3 3 4 4 4 4 3 1 2 4 4 3 9 

15 5 5 4 5 5 3 5 5 4 4 5 5 5 5 5 5 4 5 5 4 4 5 4 3 5 5 4 1 2 6 4 2 7 

16 3 3 3 2 1 2 3 2 1 2 2 2 1 1 3 1 1 3 3 3 3 3 3 3 4 3 2 3 1 4 5 3 1 

17 2 3 2 3 4 4 3 2 2 4 4 3 2 2 3 4 4 2 3 2 2 3 2 3 4 2 2 1 2 3 1 2 12 

18 2 5 2 5 4 4 2 2 2 3 1 2 4 1 3 4 5 3 4 2 4 4 4 5 3 4 5 1 2 1 3 2 3 

19 5 4 5 4 4 4 3 2 5 3 4 4 3 3 5 4 4 4 4 4 4 4 4 5 5 3 4 1 2 2 5 3 8 

20 4 5 5 2 5 5 3 4 3 4 4 3 3 5 4 5 5 5 5 5 5 5 4 5 5 4 5 1 2 3 3 2 3 

21 3 4 2 5 2 2 3 2 3 3 3 4 4 3 2 2 2 3 3 3 2 2 4 3 3 3 3 1 2 1 5 3 7 

22 5 4 5 3 4 4 5 3 5 4 4 5 5 4 5 5 5 4 3 4 4 4 5 5 4 4 5 1 2 3 2 2 3 

23 1 4 5 3 4 5 4 4 5 5 5 4 5 5 4 5 5 4 4 5 5 5 5 4 4 5 5 1 1 6 2 2 1 
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24 1 2 1 2 2 1 1 1 1 3 4 3 1 2 1 1 1 2 2 2 2 1 2 4 4 3 3 1 2 1 4 3 1 

25 4 5 4 5 4 3 4 4 3 3 2 4 4 2 3 3 3 3 3 3 3 3 4 4 4 4 4 1 2 4 3 2 1 

26 1 2 2 4 2 2 2 3 1 1 3 2 2 3 2 2 2 3 2 1 2 2 2 4 2 4 2 1 3 1 5 3 3 

27 2 2 2 5 2 2 2 2 3 1 1 2 2 2 5 1 2 2 2 4 2 2 3 4 4 3 3 2 2 1 3 3 12 

28 5 5 4 4 4 5 4 5 4 3 4 4 4 4 5 3 3 5 5 5 5 5 4 4 4 4 4 1 2 4 5 3 3 

29 3 2 3 3 3 3 2 2 3 2 3 4 3 4 2 2 3 4 3 3 4 4 3 3 3 2 3 1 2 2 3 1 7 

30 5 4 3 4 3 5 3 3 3 5 4 4 3 4 5 4 4 3 4 2 2 1 2 4 4 4 4 1 1 3 5 2 9 

31 3 5 2 3 3 4 3 4 3 4 3 4 3 4 1 2 3 3 3 3 3 3 3 3 3 2 3 2 3 1 5 3 4 

32 3 5 3 2 3 3 3 3 3 2 2 3 2 3 3 1 3 5 5 4 4 4 4 4 4 2 5 1 2 1 2 2 3 

33 2 3 2 3 2 5 2 1 3 5 1 4 4 2 3 3 2 5 5 4 4 4 4 3 4 3 4 2 2 4 5 2 10 

34 5 4 4 3 5 5 4 5 4 4 4 4 5 3 5 4 3 4 4 4 5 4 4 5 5 5 5 1 2 4 4 1 3 

35 3 4 2 5 2 1 3 3 2 5 2 4 3 1 2 4 2 3 3 4 3 3 2 4 4 4 5 3 1 1 5 3 5 

36 4 4 4 3 3 4 3 4 3 3 4 3 3 3 3 2 2 3 2 2 3 3 2 3 3 3 3 3 3 2 4 3 7 

37 2 4 2 3 1 3 2 2 1 2 1 2 2 2 2 2 2 3 4 3 4 3 3 4 3 3 3 3 3 1 5 3 12 

38 2 3 2 4 3 3 2 2 2 2 2 3 3 2 3 3 3 2 2 2 2 2 2 2 3 3 2 1 2 2 3 3 3 

39 5 4 4 5 4 5 4 5 4 4 4 4 5 5 4 5 4 4 5 4 4 4 4 3 4 3 4 1 3 2 5 3 8 

40 4 4 5 5 3 4 4 3 5 4 3 4 5 3 3 3 1 5 4 5 5 4 3 4 3 4 5 3 3 5 5 3 7 

41 3 4 4 2 5 3 3 3 3 4 4 4 3 4 5 3 4 4 4 4 3 4 4 5 5 4 4 1 2 4 1 2 8 

42 4 5 3 2 5 3 4 4 4 4 2 4 3 4 4 3 3 4 3 3 4 4 4 4 4 3 4 1 2 4 4 3 3 

43 2 2 2 4 4 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 4 4 3 2 2 2 1 5 3 6 

44 4 4 3 4 3 3 4 3 3 3 3 3 3 3 3 3 2 3 3 3 4 3 3 4 4 3 3 1 2 1 5 3 3 

45 3 4 2 1 2 2 2 3 2 1 2 3 3 1 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 1 5 3 6 

46 2 3 2 2 2 1 1 2 1 1 1 2 2 1 5 5 3 5 4 3 4 4 5 5 5 4 4 1 3 2 2 3 11 

47 4 4 2 3 3 3 2 2 3 3 2 2 4 3 4 3 3 4 4 4 4 5 4 4 4 4 4 3 1 6 5 3 1 

48 4 5 4 4 4 3 4 4 5 4 3 4 5 4 5 5 4 4 5 4 4 4 3 4 4 3 4 3 2 5 3 3 4 

49 4 3 4 5 4 5 4 4 3 2 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 1 2 5 2 1 3 



119 

 

50 5 4 5 5 5 5 4 4 4 5 4 5 5 4 5 5 3 5 5 5 5 5 4 4 4 3 3 3 3 4 5 3 6 

51 4 3 2 3 3 2 3 2 2 2 2 1 2 2 2 3 2 5 4 4 5 2 4 5 4 4 4 3 3 1 5 3 4 

52 4 4 4 2 2 3 2 4 4 4 3 5 3 3 3 4 4 5 5 5 4 4 4 4 4 4 5 2 1 4 3 3 5 

53 3 3 4 3 2 3 1 3 2 1 3 4 3 1 4 3 4 5 5 5 3 3 3 4 4 1 1 2 1 4 5 1 5 

54 5 5 5 3 5 5 4 3 5 1 3 3 5 5 5 5 5 3 5 3 5 5 4 5 5 5 5 1 1 4 3 1 8 

55 1 1 2 4 3 3 2 3 2 3 1 4 4 3 3 2 5 5 5 2 2 2 2 4 5 4 3 1 3 1 2 1 4 

56 3 4 4 5 4 3 3 3 4 2 3 4 5 2 5 4 3 4 4 4 4 3 4 4 4 3 4 2 3 3 3 2 1 

57 1 2 2 2 3 2 1 1 1 1 4 2 2 3 3 3 3 2 2 2 3 2 3 4 4 2 2 2 2 2 5 1 4 

58 4 3 3 3 2 3 1 2 1 2 1 2 3 2 1 2 2 3 3 4 4 2 2 3 3 2 3 1 2 1 3 2 3 

59 4 4 4 3 5 5 4 3 5 4 3 5 4 4 5 4 2 2 2 1 3 3 4 4 5 2 4 1 3 5 3 3 7 

60 2 3 3 2 3 4 2 3 1 2 2 5 2 5 4 2 5 2 2 2 2 2 4 5 4 2 3 1 1 3 1 1 8 

61 2 2 1 3 2 4 2 1 2 3 2 3 2 1 3 4 1 3 4 3 4 3 2 4 5 2 2 3 3 4 5 3 1 

62 2 4 1 4 4 2 2 2 4 1 2 3 5 2 4 4 2 3 3 2 2 2 2 5 5 4 4 1 2 5 1 2 7 

63 4 2 4 3 4 2 5 4 4 1 3 4 4 4 4 4 4 3 3 2 3 2 3 4 3 4 3 1 3 6 2 3 8 

64 5 5 4 5 5 5 4 5 5 5 5 5 5 4 5 5 4 5 5 5 5 5 5 5 5 4 4 1 3 5 5 3 8 

65 3 4 3 5 4 4 3 3 3 3 3 5 2 2 3 2 4 3 2 2 2 3 4 4 4 4 4 3 1 4 1 2 5 

66 4 2 3 3 5 2 3 3 4 3 3 4 3 3 4 3 4 4 4 4 4 4 4 4 5 4 5 1 2 4 2 1 3 

67 5 3 4 3 4 2 3 4 4 4 4 4 3 4 4 4 5 4 4 2 4 4 4 4 4 4 3 3 2 1 1 3 3 

68 3 2 2 3 5 5 2 2 3 4 3 3 2 2 4 4 5 4 4 4 2 4 3 4 4 4 4 1 3 3 3 1 8 

69 4 2 2 4 4 3 5 3 1 2 3 3 3 4 3 4 1 2 2 2 2 2 2 2 2 2 2 1 3 2 4 3 3 

70 4 5 3 5 3 2 3 3 2 4 3 5 3 3 2 5 5 4 4 4 4 4 3 3 4 4 3 1 3 2 5 3 3 

71 2 2 1 3 3 2 2 2 3 2 3 3 2 3 2 1 2 2 2 4 3 2 2 4 4 2 3 1 2 1 5 3 6 

72 3 4 4 5 4 4 4 3 4 3 3 4 4 4 4 4 3 3 3 2 2 2 4 4 4 4 4 3 2 2 5 3 7 

73 2 4 2 2 4 4 2 3 1 2 2 3 4 3 5 5 3 5 4 5 2 4 3 5 5 3 4 2 2 2 4 3 7 
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Appendix N.2 Correlation Matrix of indicators 

 VS

_1 

VS

_2 

VS

_3 

VN

_1 

VN

_2 

VN

_3 

PG

_1 

PG

_2 

PG

_3 

RF

_1 

RF

_2 

RE

S_1 

RE

S_2 

RE

S_3 

CU

_1 

CU

_2 

CU

_3 

IP_

1 

IP_

2 

IP_

3 

IP_

4 

IP_

5 

IP_

6 

IP_

7 

IP_8 IP

_9 

IP_

10 

VS_1 1                           

VS_2 0.53 1                          

VS_3 0.65 0.52 1                         

VN_1 0.28 0.28 0.22 1                        

VN_2 0.33 0.25 0.38 0.2 1                       

VN_3 0.34 0.35 0.47 0.15 0.47 1                      

PG_1 0.64 0.48 0.59 0.41 0.46 0.37 1                     

PG_2 0.6 0.55 0.59 0.33 0.44 0.36 0.61 1                    

PG_3 0.6 0.43 0.64 0.3 0.48 0.42 0.59 0.45 1                   

RF_1 0.37 0.39 0.38 0.26 0.32 0.47 0.38 0.35 0.46 1                  

RF_2 0.45 0.3 0.52 0.18 0.41 0.32 0.53 0.54 0.44 0.41 1                 

RES_1 0.43 0.32 0.48 0.33 0.34 0.37 0.44 0.56 0.55 0.56 0.46 1                

RES_2 0.42 0.48 0.48 0.51 0.47 0.46 0.55 0.56 0.6 0.31 0.32 0.48 1               

RES_3 0.45 0.32 0.54 0.19 0.5 0.45 0.61 0.59 0.52 0.32 0.56 0.5 0.54 1              

CU_1 0.43 0.36 0.52 0.24 0.54 0.41 0.39 0.49 0.5 0.21 0.38 0.39 0.49 0.39 1             

CU_2 0.38 0.38 0.42 0.29 0.53 0.41 0.37 0.41 0.38 0.39 0.34 0.31 0.56 0.34 0.56 1            

CU_3 0.19 0.17 0.31 0.08 0.45 0.34 0.12 0.39 0.26 0.23 0.31 0.44 0.3 0.42 0.4 0.46 1           

IP_1 0.36 0.26 0.36 0.07 0.15 0.27 0.15 0.35 0.35 0.33 0.14 0.3 0.31 0.18 0.32 0.38 0.35 1          

IP_2 0.38 0.31 0.3 0.1 0.12 0.34 0.18 0.35 0.33 0.29 0.14 0.25 0.42 0.25 0.33 0.38 0.46 0.77 1         

IP_3 0.29 0.22 0.26 0.03 0.03 0.24 0.04 0.25 0.25 0.25 0.13 0.16 0.27 0.11 0.2 0.25 0.23 0.67 0.68 1        

IP_4 0.47 0.34 0.4 0 0.14 0.29 0.27 0.33 0.39 0.24 0.21 0.1 0.27 0.2 0.2 0.31 0.22 0.6 0.65 0.64 1       

IP_5 0.37 0.38 0.37 -

0.02 

0.4 0.41 0.25 0.42 0.4 0.31 0.23 0.21 0.35 0.28 0.35 0.43 0.42 0.61 0.64 0.61 0.71 1      

IP_6 0.33 0.39 0.47 0.01 0.36 0.3 0.34 0.34 0.4 0.2 0.19 0.27 0.31 0.34 0.43 0.27 0.38 0.4 0.42 0.33 0.53 0.61 1     
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IP_7 0.05 0.14 0.15 -

0.09 

0.23 0.09 -

0.05 

0.1 0.16 -

0.06 

0.05 -

0.03 

0.08 0.05 0.4 0.14 0.29 0.25 0.27 0.24 0.32 0.32 0.43 1    

IP_8 0.11 0.09 0.1 -

0.11 

0.33 0.16 -

0.06 

0.13 0.19 0.15 0.14 0.15 0.09 0.04 0.49 0.26 0.29 0.28 0.4 0.31 0.27 0.4 0.33 0.61 1   

IP_9 0.28 0.23 0.29 0.28 0.31 0.18 0.33 0.3 0.39 0.24 0.12 0.1 0.31 0.23 0.26 0.38 0.28 0.39 0.33 0.2 0.36 0.42 0.4 0.35 0.2 1  

IP_10 0.34 0.37 0.26 0.07 0.3 0.27 0.27 0.24 0.56 0.33 0.06 0.17 0.33 0.24 0.25 0.31 0.3 0.48 0.45 0.43 0.52 0.54 0.48 0.45 0.3 0.6

3 

1 
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Appendix O Minimum Sample Size Calculation 

 

Figure 8.1 Results of the Minimum Sample Size calculation for PLS-SEM analysis 
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Appendix P Detailed description of PLS-SEM analysis 

In this section we elaborate the on the initial path model created for the analysis, the evaluation of the 

measurement model and structural model, and the final results. 

10.P.1.1 Path model for innovation capability maturity evaluation and Innovation Performance 

Figure 9.4 shows the visual presentation of the initial path model created for execution of the analysis. 

 

Figure 8.2 Path model visualization of innovation capability maturity main elements and higher-order IP 

10.P.1.2 Collinearity 

VIF (Variation Inflation Factor) scores were calculated in order to test for multicollinearity. VIF scores of 

5 or higher indicate collinearity issues and call for the exclusion of a construct from further analysis (Hair 

et al., 2017). Below, Table 8.4 shows an overview of the VIF scores per latent construct combination. All 

VIF scores are below 5, which indicate that collinearity is not an issue. 

Table 8.4 VIF Values for each latent construct combination 

 CA CU FI IP MA PG RES RF TI VN VS 

Customer acceptance (CA) 

           Culture (CU) 

   

1.562 

     

1.000 

 Financial measures (FI) 

           Innovation Performance (IP) 
1.000 

 

1.000 

 

1.000 

   

1.000 

  Market measures (MA) 

           Process & Governance (PG) 

   

1.562 

       Resources (RES) 

     

2.326 

     Results & Feedback (RF) 

          

1.000 

Timing measures (TI) 

           Value Network (VN) 

     

1.869 

     Vision & Strategy (VS) 

 

1.000 

   

1.744 1.000 
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10.P.1.3 Construct Reliability and Validity of the measurement model of IP and its lower-order 

constructs 

For evaluating the quality of the reflective measurement models, we assessed the indicator reliability, 

internal consistency reliability (Cronbach’s Alpha & composite reliability), convergent validity (AVE) 

and the discriminant validity (Hair et al., 2017). The items were checked by applying the PLS algorithm 

with 300 iterations in the path weighting scheme in SmartPLS 3.0 (Ringle, C. M., Wende, S., & Becker, 

2015). 

Indicator reliability was checked by assessing the outer loadings of the indicators. Outer loadings greater 

than 0.7 indicate sufficient reliability (Carmines & Zeller, 2008). All outer loadings were above 0.7, 

except for VN_1 (outer loading = 0.510). However, due to exploratory nature of this study, the item is 

retained in the model.  

Furthermore, internal consistency reliability was checked by assessing the composite reliability and 

Cronbach’s alpha (See Table 9.22). The Cronbach’s Alpha and composite reliability should be in the 

range of 0.60 – 0.90. All indicator values adhered to these threshold levels. 

Convergent validity was assessed by the Average Variance Extracted (AVE), which needed to be higher 

than 0.5 in order for an indicator to be qualified as sufficiently valid. As can be seen from Table 9.22, all 

latent constructs in the IP construct were above 0.5. 

Table 8.5 Internal consistency reliability, convergent validity and discriminant validity for first-order constructs of IP1 before 

refinement 

 Cronbach's alpha Composite 

reliability 
AVE HTMT   

    CA FI MA 

CA 0.754 0.890 0.803    

FI 0.828 0.898 0.745 0.565   

IP 0.891 0.912 0.514 - - - 

MA 0.880 0.926 0.807 0.444 0.824  

TI 0.773 0.897 0.813 0.527 0.727 0.570 

 

Finally, we assessed discriminant validity based on the HTMT score. Discriminant validity assesses 

whether constructs are truly distinct from one another (Hair et al., 2017) HTMT scores should not be 

higher than 0.85. 

After assessing the abovementioned reliability and validity measures, we concluded that all indicators of 

IP were of sufficient quality level.  

10.P.1.4 Collinearity and relevance of the Innovation Capability Maturity Measurement model 

We evaluated collinearity between indicators and the significance and relevance of outer weights for 

determining the quality of the main element constructs of the innovation capability maturity model. 

Collinearity issues for the indicators did not occur, as can be seen from Appendix P.2. To check for the 

significance of indicators, we performed bootstrapping procedure with sample size 5000 (Hair et al., 

2017). Accordingly, we first assessed the significance of the outer weights, which were all significant, 

except for VS_1, VS_2, PG_1 and CU_3. Outer loadings of these indicators were therefore checked, 

which were all high (>0.5), resulting in retaining all indicators in the model (Hair et al., 2017). Table 8.6 

shows an overview of the outer weights and loadings of the measurement models of the main elements of 

the ICMM. 



125 

 

Table 8.6 Outer weights, outer loadings, and significance of outer weights per indicator of reflectively modeled constructs 

Latent construct Indicator Outer weights (outer loadings) P-value Significance (p < 

0.05) 

Vision & Strategy 
(VS) 

VS_1 0.356 (0.850) 0.052 No 

VS_2 0.208 (0.708) 0.07 No 

VS_3 0.591 (0.931) 0.001 Yes 

Value Network (VN) VN_1 0.309 (0.496) 0.002 Yes 

VN_2 0.657 (0.890)  <0.001 Yes 

VN_3 0.363 (0.720) 0.004 Yes 

Process & Governance 

(PG) 

PG_1 0.093 (0.746) 0.372 No 

PG_2 0.507 (0.829) <0.001 Yes 

PG_3 0.587 (0.870) <0.001 Yes 

Results & Feedback 

(RF) 

RF_1 0.453 (0.75) 0.023 Yes 

RF_2 0.725 (0.910) <0.001 Yes 

Resources (RES) RES_1 0.382 (0.792) 0.001 Yes 

RES_2 0.441 (0.838) 0.002 Yes 

RES_3 0.397 (0.826) 0.003 Yes 

Culture (CU) CU_1 0.535 (0.877) <0.001 Yes 

CU_2 0.428 (0.844) 0.003 Yes 

CU_3 0.255 (0.666) 0.068 No 

Considering the results from the previous sections, all reflective and formative measurements models 

were retained in the model setup and were assessed as being of sufficient quality. 

8.1.10.1 Evaluation of the structural model 
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Figure 8.3 PLS-SEM model after bootstrapping procedure 

For testing whether significant relations exist among the latent constructs, we applied the bootstrapping 

procedure with 5000 samples.  

Table 8.7 Pathway coefficients and effect sizes of model relationship in PLS-SEM 

 Relationship Pathway 

coefficient 

Effect size 

(f2)  

CU -> IP 0.365* 0.133 

CU -> VN 0.674*** 0.833 

PG -> IP 0.294* 0.085 

RES -> PG 0.435*** 0.408 

RF -> VS 0.582*** 0.511 

VN -> PG 0.112 0.034 

VS -> CU 0.558*** 0.452 

VS -> PG 0.466*** 0.624 

VS -> RES 0.642*** 0.703 

IP -> MA 0.860*** 2.847 

IP -> FI 0.904*** 4.487 

IP -> CA 0.619*** 0.622 

IP -> TI 0.749*** 1.279 

 

The path coefficients for the relations in the model are depicted in Table 5.3. All model relationships are 

significant, except for VN  PG. As for the magnitude of the significant pathway coefficients, we find 

them all to be positive and higher than 0.25. The strongest relationship can be found in the relationship 

between IP and its lower-order constructs, followed by the relationship between CU and VN.  

The f
2
 values for each relationship are also depicted in Table 5.3, which represent the contribution of 

exogenous constructs to the explained variance (R
2
) of the endogenous construct. The f

2
 value is 

considered as high when it is above 0.35 (Hair et al., 2017). According to this rule of thumb, all effect 

sizes can be considered as high, except for the relation CU IP and PG  IP, which are respectively 

considered to be medium (~0.15) and low (~0.02). 

Table 8.8 R2, R2 adjusted, and Q2 values for each latent construct 

Construct R2 R2 

adjusted 

Q2 

CU 0.384 0.375 0.279 

IP 0.348 0.330 0.167 

PG 0.800 0.791 0.491 

RES 0.413 0.404 0.252 

VN 0.454 0.447 0.203 

VS 0.338 0.329 0.193 

MA 0.740 0.736 0.560 

FI 0.818 0.815 0.576 

CA 0.384 0.375 0.279 
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TI 0.561 0.555 0.426 

 

The R
2
 values for each construct are depicted in Table 5.4. The R

2 
value represents the percentage of 

variance for each construct that is explained by all the exogenous constructs linked to it. It is a measure of 

in-sample predictive power, since the R
2
 is the squared correlation of the actual and predicted values 

including all the data of the model estimation dataset. The R
2 

values differ in magnitude. For instance, the 

R
2 

 values of FI, MA and PG can be considered as substantial (>0.75) (Hair et al., 2017), while the R
2 

values of TI and VN can be considered medium (~0.5) and the others weak to moderate (0.25 – 0.5). The 

adjusted R
2
 value, which accounts for model complexity, is also depicted in the same table.  

Finally, we performed blindfolding to assess the Q
2
 values of the latent constructs. Q

2
 values above 0 

indicate predictive relevance of the model, and the values of the latent constructs can generally be 

considered to have medium to high relevance (0.15 – 0.35) (Hair et al., 2017). 
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Appendix P.2 Outer VIF values for all indicators 

INDICATOR VIF 

CU_1 1.515 

CU_2 1.608 

CU_3 1.317 

IP_1 2.767 

IP_1 3.025 

IP_10 1.658 

IP_10 2.260 

IP_2 2.846 

IP_2 3.318 

IP_3 2.075 

IP_3 2.548 

IP_4 2.063 

IP_4 2.716 

IP_5 2.386 

IP_5 3.017 

IP_6 1.652 

IP_6 1.890 

IP_7 1.578 

IP_7 1.998 

IP_8 1.578 

IP_8 1.897 

IP_9 1.658 

IP_9 1.842 

PG_1 1.971 

PG_2 1.627 

PG_3 1.555 

RES_1 1.454 

RES_2 1.534 

RES_3 1.582 

RF_1 1.201 

RF_2 1.201 

VN_1 1.046 

VN_2 1.314 

VN_3 1.291 

VS_1 1.895 

VS_2 1.514 

VS_3 1.867 

 

 


