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Abstract: 

Maturity models can be used as tools which depict the developmental trajectories of entity classes in domains and 
evaluate the relative position of an entity within this framework. However, their development process has been the 
focus of researchers and practitioners ever since, resulting in different procedures, development approaches, and 
conceptual models. Thus, a major criticism of maturity models is the often missing conceptual and theoretical 
grounding when it comes to the interpretation of the concept of maturity. To address this shortcoming, our research 
approach focuses on the rigorous development of a multiple-pathway maturity model. By following a sequential, 
theoretically grounded process, the resulting maturity model can be viewed as an instantiation of the predefined 
conceptual components and characteristics in a predefined domain. We present and discuss the instantiated sector 
and size-specific maturity model for innovation capability in small industrial firms, which is developed by applying 
configurational methods on a dataset and thereby offers multiple pathways to maturity. This concept of equifinality is 
central to our approach. It has rarely been considered in maturity model development research, although it offers the 
potential to build more realistic models with greater applicability, especially in domains with many interdependencies. 

Keywords: Maturity Models, Configurational Set Theory, Innovation Capability, NCA, fsQCA, Equifinality. 
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1 Introduction 

Research in the field of information systems (IS) plays a major role when it comes to the evaluation or 
classification of emerging and complex phenomena and their impact on organizations (Pappas et al., 
2018; Tilson et al., 2010; Vial, 2019). Maturity models (MMs) are tools that allow organizations in different 
domains to determine their current maturity within a pre-defined process or ability or offer guidance on 
how to improve this maturity along with their performance (Luftman, 2000; Tarhan et al., 2016). Due to 
their popularity in research and practice (Pereira & Serrano, 2020; Poeppelbuss et al., 2011; Proença & 
Borbinha, 2016), the number of articles published in the context of MM research has been rising 
constantly during the last years. Previous findings revealed that from 2002 to 2018, more than one third of 
the articles presenting MMs in journals and conferences were published between 2016 and 2018 (Pereira 
& Serrano, 2020).  

The impact and importance of MMs for IS research is furthermore visible in a strong focus on the IT 
domain (i.e., Becker et al., 2009; De Bruin et al., 2005; Gollhardt et al., 2020; Luftman, 2000), whereas 
other MMs are distributed over various research areas (e.g., e-government (Singh et al., 2007), risk 
management (Doss et al., 2017), or health care (Thrasher et al., 2006). Likewise, in the field of business 
administration, Felch and Asdecker (2020) show that from 2001 to 2019, more than half of 130 business 
process MMs have been published within the last five years. However, they reveal that these publications 
are mainly published in scientific outlets with a low(er) recognition, creating a lack of opportunities for 
reviewers to reproduce the actual design of the developed MMs. Thereby, the reliability of research and 
the traceability of the underlying concepts is threatened, challenging the quality of the developed MMs 
along with their assumed relevance (Felch & Asdecker, 2020). This restriction also leads to a paradoxical 
situation where the applicability of MMs within organizations remains limited, regardless of their increasing 
presence in the literature as practice-oriented research goals (Felch et al., 2019; Tarhan et al., 2016). This 
might be due to their ad hoc development (Pereira & Serrano, 2020), leading to MMs with weak or no 
conceptual grounding with respect to their structural components and their composition. Another reason is 
the limited representation of how to improve—from the perspective of the assessed entity—what severely 
threatens MMs’ validity in practice (Andersen et al., 2020). Many MMs are developed following deductive 
and literature-based approaches, mainly driven by developers identifying a need for a new MM for a 
specific field. Furthermore, domain-specific MMs are often provided for organizations of different sizes and 
sectors, assuming a one-size-fits-all representation of maturity which over-simplifies the concept of 
maturity in complex domains.  

We propose that instead of developing new MMs using ad hoc approaches, the development process and 
the resulting MMs should be theoretically and conceptually grounded. Therefore, we encourage an 
empirical data-driven research approach to MM development, by applying configurational methods, such 
as fuzzy-set qualitative comparative analysis (fsQCA) (Ragin, 2008), while identifying necessary 
conditions in kind (Ragin, 2008) or both in kind and in degree with necessary condition analysis (NCA) 
(Dul, 2016). The theoretical grounding of the method along with other features such as equifinality 
provides an ideal methodological foundation for our approach. However, neither NCA, fsQCA, nor 
configurational methods in general are per se methods designed to build MMs. Applying them in this 
specific context with the objective of overcoming the mentioned MM challenges needs further elaboration. 
Thus, we propose the following research question (RQ):  

RQ1: How can the development process of MMs be improved to better reflect domain 
complexity and to better represent the addressed target group by applying 
configurational methods? 

We contribute by exemplifying the creation of more realistic MMs through fsQCA, in response to recent 
requests for different development approaches and assumptions of maturity (Andersen et al., 2020; Felch 
& Asdecker, 2020). Adding to the ongoing discussion and the call for different development approaches 
and assumptions of maturity (Andersen et al., 2020; Felch & Asdecker, 2020; Lasrado et al., 2016; Solli-
Sæther & Gottschalk, 2010), we argue that in complex domains with numerous interdependencies of 
organizational dimensions and processes, the assumption of a single path to maturity is an 
oversimplification that does not capture or depict reality in its variations. The applied concept of equifinality 
– stating that an outcome can be reached by different combinations of input variables – results in a 
multiple-pathway MM, providing different possibilities of maturation.  

The instantiation of the proposed components in the domain of innovation capability (IC) demonstrates the 
applicability of MM development based on configurational methods, which results in an innovation 
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capability maturity model (ICMM). It contains concepts specifically valid for the IC domain and its 
respective target group of small industrial companies (SICs). Thereby, we first answer the mentioned call 
for different development approaches and assumptions of maturity (Andersen et al., 2020; Felch & 
Asdecker, 2020; Lasrado et al., 2016; Solli-Sæther & Gottschalk, 2010) by providing a configurational 
theory and methods-based MM development process. Further, our MM instantiation contributes to the 
results of Mendoza-Silva (2021), who calls for ICMMs, which balance theory and practical applicability. 
Finally, we address the knowledge transfer problem raised, for instance, by Van de Ven & Johnson 
(2006), by providing a conceptual blueprint of the MM development process. Thereby, we offer a 
complementary approach on addressing practical problems (organizational maturity) by applying 
conceptually grounded theory and methods (configurational theory and fsQCA), which can be applied by 
researchers and practitioners likewise. 

The remainder of this paper is structured as follows. First, the theoretical background covers MMs as well 
as configurational theory and methods. Section three presents the theoretical and conceptual components 
of an MM as well as its instantiation, an ICMM for SICs. Section four discusses the approach, its 
implications for research and practice, while section five concludes the paper by providing a summary of 
the results as well as pointing out the limitations and showing avenues for future research. 

2 Theoretical Background 

2.1 Maturity Model Development and Application 

The main purpose of an MM is to demonstrate and assess an anticipated or desired path of improvement 
or development regarding a delimited subject area (capabilities or processes) for a defined target group 
(organizations, companies, departments) (Bley et al., 2020). As these models’ intention can vary, their 
structure and the underlying interpretation of maturity can differ. They typically consist of: a) a number of 
levels (commonly 3-6), b) a generic description of each level, c) a number of dimensions, d) a number of 
factors, for each dimension, and e) a description of the performance of each activity or element as it might 
perform or might be performed at each maturity level (Fraser et al., 2002). The underlying maturity 
principle can be continuous or staged (Lahrmann & Marx, 2010). Continuous MMs allow for an 
assessment of single capabilities on different levels. These models offer the possibility of providing 
different maturity results within one domain depending on the individual maturity of the respective 
characteristics. Staged MMs, the most dominant form, provide a pre-defined constellation of capabilities or 
conditions which have to be met in order to reach a specific maturity level. Their basic assumption is that 
an organization is constantly evolving, inter- and intra-organizationally, due to learning effects and 
improvements (see Fig. 1).  

 

Figure 1. Structure of a Staged Maturity Model (Source: Bley et al., 2020) 

Whereas continuous MMs provide a more flexible approach to maturity measurement (i.e., different 
dimension can be measured on different maturity levels), a staged structure combines an organization’s 
maturity to a single maturity stage, offering a more lucid, however condensed result (Lahrmann & Marx, 
2010; Sanchez-Puchol & Pastor-Collado, 2017). Not only the models’ structure, but also the information 
content of the assessment result can vary. Descriptive MM focus on depicting and assessing a current 
situation of activities or capabilities of an organization, whereas prescriptive MM identify and propose 
potential improvement activities, thereby providing guidance for reaching a higher maturity level 
(Poeppelbuss & Roeglinger, 2011). 
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Although MMs are being constantly developed in research and practice, there exist several criticisms of 
current MMs and their development (Andersen et al., 2020). For instance, a common shortcoming is the 
lack of empirical validation when it comes to the selection of relevant factors and dimensions (Lahrmann 
et al., 2011), as well as theoretical grounding (Felch & Asdecker, 2022) leading, in the worst-case, to 
poorly designed models and, therefore, to difficulties and also risks in case they are used as 
benchmarking tools (Bannister, 2007). Another point of criticism is a simple copying of existing model 
structures from literature and therefore a missing conceptual and theoretical grounding (Coursey & Norris, 
2008; Plattfaut et al., 2011), as well as the assumption of a single linear path rather than several different 
paths to maturity (Lasrado et al., 2015). Furthermore, many MMs – regardless of their maturity principle – 
differ in the use of maturity concepts, terminology, and semantics, making a comparison or general 
applicability challenging (Tarhan et al., 2016; Wendler, 2012). Therefore, the development of a conceptual 
overview might be useful as it provides a definition of such dependencies (Bley et al., 2020).  

Another criticism is that MMs often take a one-size-fits-all approach to assessing the maturity in a domain, 
assuming that the same MM will be valid for very heterogeneous or even different target groups, i.e., in 
the case of companies, e.g., for companies of different sizes and sectors. This can be attributed to the fact 
that factor selection and combination are often derived conceptually from literature or expert knowledge 
(Pereira & Serrano, 2020) but are rarely data-driven based on a dataset of companies similar to the MM’s 
target group. Therefore, more specific MMs addressing the needs of a smaller range of targeted 
organizations, such as by considering size (i.e., the maturity of a large company is not comparable to the 
one of a small company), industry, or any other relevant domain-driven segmentation, could improve an 
MM’s usefulness and thereby its application in practice (especially within this more homogeneous target 
group). 

Several guidelines exist addressing the development process of MMs (i.e., Becker et al., 2009; De Bruin 
et al., 2005; Mettler, 2010; Poeppelbuss & Roeglinger, 2011; Solli-Sæther & Gottschalk, 2010). However, 
they either focus on the development or discussion of MMs in specific domains like IT management 
(Becker et al., 2009) or business process management (Poeppelbuss et al., 2015; Poeppelbuss & 
Roeglinger, 2011), or their recommendations remain limited in their interpretability and validity as they do 
not provide terminology, common concepts or underlying structural components for the development 
process (Bley et al., 2020; Plattfaut et al., 2011). A more generalized, set-theoretic approach to MMs was 
first proposed by Lasrado et al. (2016). They presented a six-step-development approach, which is 
aligned to general MM development guidelines proposed by Becker et al. (2009), Mettler (2010), and Solli-
Sæther and Gottschalk (2010), as well as to guidelines on methodological procedures for set-theoretic 
methods, like QCA (Fiss, 2011; Mattke et al., 2022; Pappas & Woodside, 2021; Schneider & Wagemann, 
2012) and NCA (Dul, 2016). Whereas their approach focused on the general implementation of fsQCA in 
MM development without specifically mentioning domain complexity and target groups, we propose an 
MM development, which uses fsQCA and Necessary Condition Analysis (NCA) to specifically depict class 
specific requirements of the MM’s target group, i.e., SICs, and also addresses domain complexity by 
supporting dimensions. Thus, we not only apply fsQCA and NCA as alternative development methods for 
MMs, but also highlight their ability to enhance an MM’s potential as an instrument for guidance and 
improvement due to an empirically derived representation of the respective entity class. 

For the domain we have chosen to demonstrate our approach, i.e., IC, several MMs or similar maturity 
assessment approaches addressing the domain of IC have been suggested in prior research. In one of 
the most recent ones, Zheng, Ulrich and Sendra-Garcí (2021) employ a configurational approach to 
investigate the antecedents of high innovation performance from a knowledge management and 
innovation ecosystem perspective. Corsi and Neau (2015) provided a 5-level MM for IC, which is based 
on the Capability Maturity Model Integration (CMMI) and offers the possibility to evaluate innovation 
potential per level and also provides descriptions of possible innovation improvement gains. Narcizo et al. 
(2018) conceptionally developed an IC assessment instrument, which was specifically designed for the 
evaluation of innovation performance resulting from small Brazilian low-tech companies' IC. It later served 
as a conceptual framework for a quantitative survey, which, however, included companies of all sizes 
(Eleutério Delesposte et al., 2019). Even though the authors were able to draw conclusions about the 
applicability of the instrument, the application of MMs for a target group other than the intended one is not 
recommended, due to the varying characteristics of the companies. Thus, we have chosen a domain 
which is quite complex and where there is an obvious interest in MMs, but in which no approach has yet 
established itself as dominant. Also, the need for target group specificity has already been raised. 
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To sum up, several shortcomings relate to the development and the application of MMs. First, the field is 
lacking empirical and theoretical grounding due to its dominant conceptual, literature-based and deductive 
approaches (Pereira & Serrano, 2020). Furthermore, due to the oversimplification of reality in existing 
MMs (Solli-Sæther & Gottschalk, 2010), the possibility of reaching maturity by more than one path is not 
allowed. This assumption is especially crucial in domains characterized by complexity, such as digital 
transformation and related innovation activities. Lastly, domain-specific MMs are often considered to be 
valid for companies regardless of their size or industry. However, given the differing individual 
characteristics of companies of different classes, this assumption is too simplistic – resulting in MMs which 
are rarely applicable. 

2.2 Configurational Theory and Methods 

In the context of explaining organizational complexity, configurational theory and methods have become 
increasingly important in recent years (e.g., El Sawy et al., 2010; Fiss et al., 2013; Park et al., 2020; Park 
& Mithas, 2020). Their main advantage lies in their aspiration to investigate the influence, 
interconnectedness, nonlinearity, as well as the discontinuity of conditions simultaneously, unlike variance 
approaches which try to reduce complexity by explaining the effect of single variables on the outcome 
(Meyer et al., 1993). The concept of equifinality allows detecting multiple configurations of conditions 
leading to the same outcome, representing a more realistic illustration of complex settings. Furthermore, 
causal asymmetry is representative of the assumed non-linearity of effects and describes situations where 
causes leading to the occurrence of the outcome can be different from the causes leading to its absence 
(Ragin, 2008). Set-theoretic methods can help bridge the gap between a theoretical conceptualization and 
a methodological approach towards configurational theory (Fiss, 2007; Fiss et al., 2013).  

FsQCA can connect theoretical and configurational multiplicity (Park et al., 2020; Ragin, 2008; Ragin & 
Fiss, 2008). FsQCA, based on concepts of fuzzy set theory and formal logic, identifies single or 
combinations of conditions (configurations) that are sufficient or necessary for an outcome to occur 
(Ragin, 2008), instead of investigating main effects among variables and the outcome (Woodside, 2014). 
In fsQCA, each case can be assigned values from 0 to 1, which represent their membership in a set (i.e., 
how much they belong to a set or group), starting from being fully out of a set and ending with being fully 
in a set, respectively. This allows to identify multiple configurations of necessary and sufficient conditions, 
which are – through their presence or absence – responsible for the outcome to occur. A condition refers 
to the transformation of a variable (Mattke et al., 2021, 2022; Ragin, 2014). For instance, the variable 
“amount of internal innovation expenses” will be coded into the condition “high internal innovation 
expenses”. Afterwards, the data will be analyzed for the configurations of present or absent conditions 
leading to the occurrence of the outcome.  

This analysis is done by applying an algorithm which is based on Boolean and fuzzy logic as well as truth 
table minimization. A specialized software, which is based on this algorithm and therefore able to run such 
analysis, is ‘fs/QCA’

1
 (Ragin, 2018). The fs/QCA algorithm identifies two main types of conditions, these 

are core (strong causal relationship) and peripheral (weak relationship) conditions. Further, a “do not care” 
situation can occur, meaning that a condition's presence or absence is not decisive for the outcome (Fiss, 
2011). The role of single conditions is not fixed, leading to different interdependencies between conditions 
in different configurations and thereby to stronger or weaker influences on the outcome (Park et al., 2020). 

Besides the detection of sufficient conditions, fs/QCA can determine necessary conditions for an outcome 
to occur in kind, based on calibrated data. However, by employing NCA, we can detect necessity in 
degree by answering what specific level of a condition Xc is necessary for a particular level of the outcome 
Yc (Vis & Dul, 2018). Thus, we complement fs/QCA with NCA to reveal the factor levels that are needed to 
reach a specific maturity level. 

2.3 Conceptual Approach 

This research approach offers a guideline for a rigorous development process of an MM, which is based 
on configurational theory and methods (Bley et al., 2021). The development process consists of a 
foundational part of concepts of the MM to be developed, which describes basic concepts of an MM, and 
which are valid for all kinds of MMs as they define and conceptualize an MM in its structure. Further, the 
concepts of the application of configurational methods, like NCA and fsQCA, for the MM development are 

                                                      
1
 http://www.socsci.uci.edu/~cragin/fsQCA/software.shtml. 
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presented and how they, when instantiated, result in configurational method-specific output for the 
depiction of maturity levels. The last part of the development process refers to the concepts needed, when 
the actual MM is applied, such as a tool to evaluate the organizations as well as potential maturation 
pathways (see Figure 2).  

 

Figure 2. Conceptual Overview of Developing MMS Applying Configurational Methods 

Whereas the foundational part of the MM development process refers to basic underlying characteristics 
of an MM and is rather descriptive (i.e., scope of validity of the MM, entity class of the MM, maturity metric 
and underlying relations in the Meta Model), the application of configurational methods will reveal specific 
results for a respective domain and target group, which influence the process of data collection, data 
calibration, and the resulting maturity pathways. 

This research provides a guided approach on how to develop an MM applying configurational methods in 
complex domains. Since the current economic and organizational environment is characterized by 
complexity and a high level of interdependencies within processes and elements (Park et al., 2020), the 
ability of a company to continuously adapt to this multifaceted environment is vital for its competitiveness 
and can be characterized as its innovation capability (Zheng et al., 2021). Thereby, the domain of IC can 
be considered as a complex domain and within this paper it serves as an exemplary domain to illustrate 
our MM approach. We instantiate the concepts presented in Figure 2 in the domain of IC and use a 
dataset of SICs for the application of configurational methods. The results are qualitatively interpreted as 
well as tested for predictive validity and can therefore be regarded as an evaluation of the instantiated MM 
concepts. Table 1 provides an overview of the MM’s concepts and the related tasks. The right column 
refers to the respective section in this paper.  

Table 1. Description of the MM's Concepts and Activities. 

Concept Task Description Instantiation Result Exemplified in 
Section 

Scope of validity Defines the specific ecosystem or domain for 
which the intended MM is valid.  

Definition 3.1 

Entity Class Represents all objects that can be empirically 
investigated in the design process of an MM. At 
the same time, it represents the target group of 
the MM. 

Definition 3.2 

Maturity Metric Defines the theoretical conceptualization of 
maturity in the scope of validity by assigning 
maturity-relevant processes and activities (i.e., 
independent variables) to an outcome (i.e., a 
dependent variable). 

Conceptualization 3.3 

Meta Model By aligning the MM development process to a 
meta model for MMs, different MMs can be 
regarded as instances of the meta model, leading 
to common semantics and syntaxes between the 
models, thus making the design process 
transparent and comprehensible. 

Conceptualization 3.4 

Data Collection Process of planning and conducting the data 
collection.  

Quantitative data base 
from questionnaire or 

3.5 
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other survey instrument 

Data Calibration Transformation of the underlying raw data base to 
be able to apply configurational and set-theoretic 
methods. The calibration will influence the 
appearance of maturity patterns. 

Necessary Condition 
Analysis (NCA): NCA 
Scatterplots and 
Bottleneck-Tables  

3.6.1 

Fuzzy-set Qualitative 
Analysis (fsQCA): 
Calibrated data, based 
on qualitative 
arguments and 
descriptive statistics  

3.6.2 

Maturity 
Patterns 

The application of configurational methods, based 
on the data calibration and in accordance with the 
maturity metric reveals the construct of maturity 
patterns.  

Solution Tables with 
fsQCA configurations 

3.7 

Assessment 
Instrument 

Development of an assessment instrument which 
can retrieve the same information used to 
develop the MM and which will be applied in 
organizations. 

Questionnaire or other 
survey instrument 
(depending on the tool 
used for the data 
collection) 

3.8 

Maturity Paths Interpretation of the fsQCA configurations for the 
organizations to be investigated. 

Dimensional maturity 
paths and their 
interchangeability  

3.9 

In the following, each concept is first described theoretically (‘concept’) and then instantiated and 
described in the IC context (‘instantiation’). 

3 Components of a Multiple-Pathway Maturity Model 

3.1 Scope of Validity 

Concept 

Complex domains are characterized by diffuse interrelationships and interdependencies between factors 
that are responsible for the occurrence of an outcome, thus, they need to be narrowed down to a field of 
interest representing it. This scope of validity is not limited to any research domain and can be adapted to 
whichever scientific field of research. Following the configurational logic and its underlying approach to 
handling causal complexity, the researcher is free to choose the respective factors representing the 
desired research model if they can be measured qualitatively or quantitatively. Thus, the factor selection 
process can be based on theoretical knowledge following existing literature approaches or it can be more 
of a practical approach based on expert knowledge in a particular domain. Furthermore, the researcher is 
free to choose any combination or additional factors of their interest.  

Instantiation 

As scope of validity for our MM, we chose the domain of IC as a representative of a complex domain. It 
captures “the ability to continuously transform knowledge and ideas into new products, processes and 
systems for the benefit of the firm and its stakeholders” (Lawson & Samson, 2001, p. 384) and is a crucial 
competence when coping with these adaptations (Saunila, 2020). Thus, the IC of a company can be 
regarded as its ability to apply and implement the concept of innovation. Especially when it comes to the 
flexibility of organizations, for instance, to adapt to rapid and disruptive transformational processes, IC is 
crucial for economic competitiveness (Saunila, 2020). Relevant factors used for the operationalization of 
innovation capability of a company (i.e., organizational culture, external knowledge utilization, or employee 
creativity) can be found within different dimensions (i.e., knowledge or organizational) which are again 
highly interdependent and only in their interplay result in a high level of IC (Boly et al., 2014; Saunila, 
2017; Saunila & Ukko, 2014). Several definitions and streams of IC can be found in the literature (Saunila, 
2020), that mainly consider IC as the creation of outcomes, processes, and as a potential of an 
organization to produce innovations. Outcomes of IC can be distinguished as products (Çakar & Ertürk, 
2010; Landoni et al., 2016; O’Cass & Sok, 2014), processes (Hervas-Oliver et al., 2016), or different 
organizational innovations (De Martino & Magnotti, 2018; Ilori et al., 2017). Considering IC as an ability of 
a company to perform the process of creating an innovative output represents the second stream of IC 
literature (Dadfar et al., 2013; Keskin, 2006; Lawson & Samson, 2001). 
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We draw on the third stream of research and examine IC as an innovation potential, in order to 
understand the existence of factors affecting the innovation potential of a company and therefore 
influencing its IC to produce innovations (Saunila & Ukko, 2012). Possible results of these activities can 
be product, service, or process innovations. This interconnected relation between innovation potential and 
capability represents the complexity of causal relations influencing the actual IC maturity of a company. 
However, this theoretical complexity will be considered in the application of configurational methods and 
the ability to make use of the concept of equifinality. 

3.2 Entity Class 

Concept 

The decision on the investigated entity class in combination with the scope of validity will be decisive for 
the maturity metric. Similar to the freedom of factor choice for the scope of validity, the researcher is also 
free to choose the class of entities (i.e., companies of a specific size or sector) for which the MM will be 
valid. Thus, it is possible to develop an MM, which is based on representative data of the targeted class of 
entities and, thus, will be specifically valid for this (and only this) class of entities. Thereby, one of the 
major criticisms of MMs, which is that they often provide a one-size-fits-all approach for different or 
heterogenous classes of entities is addressed. 

Instantiation 

We chose the class of SICs in Germany as entity class for the MM to be developed. Although existing 
literature on IC provided evidence for a positive relation between IC and firm performance, particularly in 
small companies (Oura et al., 2016; Zhang & Hartley, 2018), the concepts of IC are not always apparent 
or feasible for this entity class (Saunila & Ukko, 2014). Constantly changing procedures of value creation 
within existing business models are challenging the industrial sector. Characteristic for the industrial 
structure is a large network of interdependent companies, in which especially small companies have a 
decisive position due to their specialized core competencies. Thus, they are often characterized by 
specialized activities, a lower degree of formalized communication, as well as flat hierarchies and 
structural flexibility. At the same time, they have to deal with financial constraints, inadequately qualified 
employees and missing cash-flow to generate products which can compensate weak turnover (W. Becker 
& Schmid, 2020; Bidan et al., 2012; Pullen et al., 2009; Tödtling & Kaufmann, 2002), making them 
dependent on a network of other firms and stakeholders. 

3.3 Maturity Metric 

Concept 

After having chosen the scope of validity as well as the entities, the researcher now needs to decide about 
the relevant factors representing maturity in the chosen context and how they are influenced, dependent, 
and affected by each other. This accumulation of a dependent outcome, representing the scale for 
maturity, as well as independent factors, that influence the outcome, is characterized as maturity metric. 
At this point, the researcher combines the previous concepts of scope of validity and entity class and 
decides about maturity-relevant independent variables. As described above, they can be derived based 
on a literature review, via a practice-oriented ad-hoc approach, or by a combination of both.  

Instantiation 

In our research, the maturity metric development can be regarded as a hybrid approach to identifying IC 
maturity-relevant factors. First, we searched business and management literature for a state-of-the-art of 
IC factors in companies and aligned the identification of relevant concepts according to existing literature 
overviews in the field (i.e., Mendoza-Silva, 2021; Saunila, 2020) (Table 2).  
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Table 2. IC Concepts based on Mendoza-Silva (2021) and Saunila (2020) 

Dimen-
sion 

Concepts Authors(s) 

K
n

o
w

le
d
g

e
 

Know-How 
development & 
management 

(Branzei & Vertinsky, 2006; Calantone et al., 2002; Chang et al., 2017; Chen et al., 
2010; Keskin, 2006; Koc & Ceylan, 2007; Liao et al., 2007; H. Lin, 2007; Perdomo-
Ortiz et al., 2006; Podrug et al., 2017; Prajogo & Ahmed, 2006; Rahman et al., 2015; 
Sáenz et al., 2009, 2012; Saunila & Ukko, 2014; Tamer Cavusgil et al., 2003; J. Yang 
et al., 2006; Z. Yang et al., 2018; Yu et al., 2017) 

Skills & individual 
activity 

(Çakar & Ertürk, 2010; Camps & Marques, 2014; Costa et al., 2014; Liao et al., 2007; 
H. Lin, 2007; Podrug et al., 2017; Romijn & Albaladejo, 2002; Rupietta & Backes-
Gellner, 2019; Ryan et al., 2018; Wan et al., 2005; Winne & Sels, 2010; Yeşil et al., 
2013) 

Cooperations & 
collaborations 

(Akman & Yilmaz, 2008; Costa et al., 2014; Dunlap et al., 2016; Ganzaroli et al., 
2016; Huhtala et al., 2014; Jones & Corral de Zubielqui, 2017; Jørgensen & Ulhøi, 
2010; Kallio et al., 2012; Keskin, 2006, 2006; M.-K. Kim et al., 2018; Kyrgidou & 
Spyropoulou, 2013; Lai et al., 2015; R. Lin et al., 2010; Lisboa et al., 2011; S. Liu, 
2009; X. Liu et al., 2013, 2017; McKelvey & Ljungberg, 2017; Ngo & O’Cass, 2013; 
O’Cass & Sok, 2014; Panayides, 2006; Perdomo-Ortiz et al., 2006; Quintana-García 
& Benavides-Velasco, 2016; Rahman et al., 2015; Rhee et al., 2010; Saenz & Pérez-
Bouvier, 2014; Taherparvar et al., 2014; Weber & Heidenreich, 2016, 2018; Y. Zheng 
et al., 2010) 

O
rg

a
n

iz
a

ti
o
n
 Resources and 

organizational 
structure 

(Akman & Yilmaz, 2008; Çakar & Ertürk, 2010; Chang et al., 2017; Chen et al., 2010; 

Costa et al., 2014; Dadfar et al., 2013; Delgado‐Verde et al., 2011; Kallio et al., 

2012; Koc & Ceylan, 2007; Lawson & Samson, 2001; Lemon & Sahota, 2004; S. Liu, 
2009; Naranjo Valencia et al., 2010; Prajogo & Ahmed, 2006; Rahman et al., 2015; 
Sher & Yang, 2005; Wan et al., 2005; Z. Wang et al., 2016; C.-C. Yang et al., 2009; 
Z. Yang et al., 2018; Yeşil et al., 2013; L. Zheng et al., 2021) 

M
a

n
a
g

e
m

e
n

t Management and 
Leadership  

(Akman & Yilmaz, 2008; Costa et al., 2014; Delgado‐Verde et al., 2011; M.-K. Kim 

et al., 2018; Koc & Ceylan, 2007; Kyrgidou & Spyropoulou, 2013; Lai et al., 2015; H. 
Lin, 2007; S. Liu, 2009; Perdomo-Ortiz et al., 2006; Podrug et al., 2017; Prajogo & 
Ahmed, 2006; Quintana-García & Benavides-Velasco, 2016; Rahman et al., 2015; 
Rhee et al., 2010; X. Wang & Dass, 2017; Yeşil et al., 2013) 

In a first step, we summarized the concepts into three dimensions of IC concepts: knowledge, 
organization, and management (left column, Table 2).  

The knowledge dimension comprises innovation activities aiming to store, expand and efficiently use 
know-how resources inside and outside the company (L. Zheng et al., 2021). Previous research highlights 
the crucial role of handling existing and potential knowledge by companies to create innovative output 
(Saunila & Ukko, 2014; Tura et al., 2008). For instance, internal sources like prior work experience or 
education (Rupietta & Backes-Gellner, 2019), as well as external sources like suppliers or customers are 
found to facilitate IC (Romijn & Albaladejo, 2002), external networks (Jørgensen & Ulhøi, 2010; M.-K. Kim 
et al., 2018; X. Liu et al., 2013) and organizational learning activities (Smith et al., 2008). These skills are 
needed for building and maintaining IC throughout the company and include, for instance, continuous 
learning orientation (Calantone et al., 2002), staff development through education or experience, as well 
as the collaboration with external firms for external input not available within the company and for 
innovation success (Ganzaroli et al., 2016).  

The organizational dimension combines activities and concepts, aiming to align the company's structure in 
an innovation-oriented manner and adapt to a changing business environment (L. Zheng et al., 2021). It 
focuses on the handling of organizational resources (Smith et al., 2008), the structure and expenses for 
research and development (R&D) activities (J. Kim & Choi, 2020), the generation of innovative processes 
and their implementation (Lawson & Samson, 2001), as well as the way the company deals with 
innovation creating activities (Saunila, 2016). Such activities focus on building an internal system of 
requirements to create and maintain structures for IC.  
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Another research stream emphasizes IC's management dimension with activities related to management 
commitment and leadership behavior. It combines factors like a company's vision and strategy (Smith et 
al., 2008) with an innovation supportive leadership culture (Saunila, 2016), which enables and encourages 
employees to take risks to create innovative ideas without fearing failure (Wan et al., 2005). However, due 
to their internal structure, small companies often lack dedicated management staff, which is why here we 
focus on the knowledge and organizational dimension. 

After having identified the broader IC dimensions, we further narrowed down the range of possible 
maturity factors in the entire scope of IC validity to the factors that match our dimensions’ definitions, are 
mentioned in an SME, and/or industrial context. For the data collection, we make use of the German data 
base “Mannheim Innovation Panel” (MIP), which is an annual panel survey that fully complies with the 
Oslo Manual which provides guidelines for collecting, reporting, and using data on innovation activities 
(OECD & Eurostat, 2005, 2019). Therefore, we matched the identified IC results from literature with 
factors in the questionnaire provided by the MIP (Table 3).  

Table 3. Overview of IC Factors 

 Factor (according to the MIP 
Questionnaire) 

Definition References 

K
n

o
w

le
d

g
e

 

D
im

e
n

s
io

n
 

Internal innovation expenditure  Activities/concepts 
aimed at storing, 
expanding and 
efficiently using know-
how resources inside 
and outside the 
company 

(Dunlap et al., 2016; Ganzaroli et al., 
2016; Kallio et al., 2012; X. Liu et al., 
2013; O’Cass & Sok, 2014; Romijn & 
Albaladejo, 2002; Rupietta & Backes-
Gellner, 2019; Saunila, 2020; Smith et 
al., 2008; Weber & Heidenreich, 
2016, 2018; Winne & Sels, 2010) 
 

Educated employees 

External know-how 

Cooperation 

O
rg

a
n

iz
a

ti
o

n
a

l 

D
im

e
n

s
io

n
 

Work organization  Activities/concepts 
aimed at aligning the 
structure of the 
company in an 
innovation-oriented 
manner 

(Dadfar et al., 2013; Kallio et al., 
2012; Lawson & Samson, 2001; 
OECD & Eurostat, 2005, 2019; Sher 
& Yang, 2005; L. Zheng et al., 2021) 

R&D activities  

Intensity of R&D activities  

Development of innovation expenditure  

Flexibility/Adaptability of business 
processes 

Third-party R&D 

O
u

tc
o

m
e
 

Turnover generated by innovative 
products 

 (O’Cass & Sok, 2014; Oura et al., 
2016; Saunila, 2017; Zhang & 
Hartley, 2018) 

Since we subsequently work with a dataset developed following the IC guidelines proposed by the Oslo 
Manual, we have combined our theoretical findings on IC in SMEs with those. Table 3 provides an 
overview of the selected factors as well as the dependent variable, which will be used as the outcome 
(i.e., for the measurement of IC maturity). We derived four factors in the knowledge dimension and six 
factors in the organizational dimension. Following the configurational and fuzzy logic, these factors will 
subsequently represent the various maturity levels in different values and configurations.  

3.4 Meta Model 

Concept 

In order to develop a conceptually grounded MM, its concepts must match a semantically as well as 
syntactically rigorous framework. An exemplary UML-based approach – a meta model for MMs – can be 
found in Bley et al. (2020), who present a conceptual overview of MM components, their relationships and 
dependencies. The conceptualization of a meta model is developed subsequently to the definition of the 
scope of validity, the entity class, and the maturity metric as these concepts and their relations need to be 
known to the researcher in order to derive the framework.   

The concepts of an MM according to the respective relations are defined in Table 4, which provides a 
conceptual overview of the MM and, therefore, allows other researchers as well as MM users to 
comprehend and understand the model’s components and structure.  

Not all MM concepts need to be instantiated in this particular step of the method application as they only 
become relevant when the respective MM will be applied. For instance, the concepts of Indicator and 
Indicator Type refer to the measurement of a specific factor within a company and need to be defined 
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when the valid MM is going to be applied in the company. However, since an empirical development 
approach is applied for the MM, it is recommended to use the same indicator type for the application of 
the MM and for the collection of data for MM development. 

Table 4. Maturity Model Concepts and Definitions (Bley et al., 2020) 

Concept Definition 

Maturity 
Model 

Model for the assessment of the relative fulfillment or ability (maturity) of an organizational entity 
in a domain; can be specified by dimensions and consists of several maturity levels 

Domain Field of interest for which the maturity model is developed 

Dimension Subdivision of an organizational entity’s structure into areas of interest and results from the 
context of a maturity model applied; can aggregate factors related to it  

Factor Property of the organizational entity, which represents the object/area/process of investigation; 
used by one or more maturity level and can be related to a dimension within an organizational 
entity 

Factor 
Specification 

Technical and foundational requirement construct for determining the maturity level; acts as the 
maturity level’s individual expression of a factor (needed due to multi-usage of factors) 

Indicator Measurable property of one or more factors within an organizational entity; uses an indicator 
type for measurement 

Indicator Type Measuring method for determining the indicator’s value 

Maturity Level Rank of the organizational entity’s maturity that results from factor evaluation by using the factor 
specification or aggregation of a dimension’s related factors; subdivides the maturity model and 
represents a relative degree of an organizational entity’s ability/maturity 

Instantiation 

The previously derived scope of validity, dimension, and factors representing IC in small companies are 
explained and their dependencies and relationships are further described (see Table 5). In the 
development process of the ICMM the classification of the meta model’s concepts and the step of data 
collection is intricately linked to each other, as the concept of factor specification, indicator, and indicator 
type are dependent on the data collection method and the underlying evaluation criteria. In our approach, 
the indicator refers to the specific question in the questionnaire which is measured by the indicator type 
(nominal or ordinal scales, as well as scale 1 or 2 (Table 5). 

Table 5. Definition of IC Meta Model Concepts 

 Factor Specification Indicator Indicator Type 

K
n

o
w

le
d

g
e

 D
im

e
n

s
io

n
 

Proportion of internal 
innovation expenditure (Int. 
InnoEx) 

Innovation expenditures for supporting 
internal activities (e.g., training and market 
preparation, development, implementation 
activities for innovations)  

Scale 1 

Proportion of employees with 
higher education (Edu) 

Share of employees with a higher education 
certificate or degree.  

Scale 2 

Proportional expenditure for 
the acquisition of external 

know‐how (Ext. Know-How) 

Acquisition of external knowledge like 
patents, scientific, technical services for 
product and process innovation.  

Scale 1 

Innovation ‐ related coope-

ration with other firms or public 
research institutions (Coop) 

Participation in joint innovation projects with 
other enterprises.  

Nominal (yes/no) 

O
rg

a
n

iz
a

ti
o

n
a

l 
D

im
e

n
s

io
n

 

New forms of work 
organization (New Work) 

Introduction/innovation of new methods of 
work organization.  

Nominal (yes/no) 

Proportion of R&D carried out 
by the firm itself (Own R&D) 

Share of experimental R&D activities 
conducted by the company itself.  

Scale 1 

Continuous R&D activities 
(Cont. R&D) 

Continuous internal R&D. Ordinal  
(no; occasional; 
continuous) 

Development of innovation 
expenditure in the current year 
(Dev. of InnoEx) 

Development of innovation expenditure in 
the year 2017. 

Ordinal (not known 
yet; decreasing; 
steady; increasing) 

New methods for the organi-
zation of business processes 
(New BP) 

Introduction of new methods business 
processes.  

Nominal (yes/no) 
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Share of R&D by third parties 
(Third party R&D) 

R&D activities purchased from public or 
private research organizations or companies.  

Scale 1 

O
u

tc
o

m
e
 

Proportion of total turnover 
from innovative products. 
 
 

Proportion of total turnover generated from 
new or clearly improved products.  

Scale 2 

Note: Value 0 1 2 3 4 5 6 7 8 9 10 

Scale 1 Range in 
% 

0 <10 <20 <30 <40 <50 <60 <70 <80 <90 ≤100 

Scale 2 Range in 
% 

0 <5 <10 <15 <20 <30 <50 <75 ≤100   
 

3.5 Data Collection 

Concept 

In accordance with the maturity metric, the researcher needs to collect data from the class of entities for 
which the MM is intended to be valid. This is done by a respective tool (questionnaire, interviews), which 
suits the research question and research approach best. Another option is to use existing data bases, i.e., 
data collected by other researchers. Since the MM will be developed based on an empirical data base, the 
requirement is a sufficiently high number of cases in relation to the number of conditions (Schneider & 
Wagemann, 2010). There does not exist a general case-condition-ratio, but a common rule of thumb is to 
have approximately 2

k
 observations, with k as the number of conditions. 

Instantiation 

The ICMM was developed using data from SICs focusing on the factors and indicators previously derived 
by literature and theoretical implications. As mentioned above, we made use of the MIP, which is 
developed by the Centre for European Economic Research (ZEW), commissioned by the Federal Ministry 
of Education and Research (BMBF), and since the first survey in 1993 it is updated on a regular basis, 
depending on the latest recommendations of the Oslo Manual.  

The MIP supports the analysis of different Innovation indicators like persistence in innovation activities, 
the causal effects between innovation input and output, as well as between innovation and firm 
performance. Every two years, the MIP is part of the "Community Innovation Survey" (CIS), meaning 
German companies of different sizes and sectors answer a broader question pool and thus provide a 
larger data base of IC related factors. Due to its flexibility with regard to new questions (e.g., through the 
annual survey rhythm), the MIP offers an opportunity to take up and examine current topics of innovation 
and technology policy based on recent scientific findings to measure innovation (Peters & Rammer, 2013). 
For the development of the ICMM the dataset of 2017 was used. As it was included in the CIS, it provided 
the relevant information of the relevant factors and indicators, representing the foundation for further 
analysis and the empirical groundwork for the application of configurational methods. 

Transferring the recommended number of observations to our maturity metric, which consists of two 
dimensions with four and six conditions, the dataset should provide at least 2

4 
(=32) and 2

6
 (= 64) 

observations. The initial dataset contained information on 5.180 companies from different sectors and 
sizes and 272 IC variables. After reducing the set to small companies in the industrial sector with full detail 
of all IC-relevant factors we have identified in the maturity metric for the MM, we derived a dataset of 224 
companies, of which 49% belong to the classification of ‘research-intensive-industry’ (e.g., chemicals, 
machinery, automobile) and 51% to ‘other industry’ (e.g., food, textiles, maintenance).  

3.6 Data Calibration 

3.6.1 Necessary Condition Analysis (NCA) 

NCA is an approach to identify the “critical (levels of) determinants that are necessary for achieving the 
outcome and that must be put and kept in place in order to make it possible to achieve the desired 
outcome” (Dul, 2016, p. 41). By plotting the value of the potential necessary condition (X) of each case 
against the outcome (Y), the size of the empty zone in the upper left corner of the diagram reveals 
whether a condition is necessary for the outcome (Dul, 2016). Figure 3 shows an example of an idealized 
scatterplot of a necessary condition with a completely empty upper left corner on the left-hand side and 
the ceiling line as separation of the area with observed data. The size of the empty zone—and thereby the 
importance of the condition as a necessary condition for the outcome—is measured in the effect size d. 
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Similar to the correlation coefficients r or R
2
, the effect size of a necessary condition ranges between 0 ≤ d 

≤ 1, with a larger d indicating a stronger necessity for the outcome. While scatterplots provide a visual 
representation of a condition’s necessity, a bottleneck-table displays the certain degrees of the condition 
and the outcome (Figure 3 right-hand side) (Dul, 2016). 

 
Figure 3. Scatterplot of a Necessary Condition (Dul, 2016), Conceptual Scatterplot of an MM Approach, 

Bottleneck-table with Necessary Conditions at the 90% Level 

Concept 

The transformation of the underlying data is a crucial step as it will be decisive for the resulting maturity 
patterns. Since there exist different types of configurational methods (fsQCA, csQCA, mvQCA

2
), the data 

requires different modifications in order to be applied for analysis. Especially the application of fsQCA on 
the dataset requires a thoroughly reasoned modification of each independent factor and the outcome 
separately. However, prior to the process of calibration, the data is tested for necessary conditions by 
applying the method Necessary Condition Analysis (Dul, 2016).  

Instantiation 

For the MM for SICs in the domain of IC we first tested if any of the 10 conditions are necessary to reach 
maturity. By identifying the necessity of an individual condition for the outcome (bivariate NCA) or the 
necessity of a set of necessary AND-configurations (multivariate NCA) (Vis & Dul, 2018), possible 
boundary conditions can be revealed that have to be present in order to reach a specific outcome 
(Lasrado et al., 2016). To be able to display a possible necessity of each factor against the outcome, we 
used the NCA R-package (Dul, 2020), which allows for the derivation of scatterplots and bottleneck-tables 
in a graphical demonstration

3
. We apply NCA to investigate the non-modified, raw data, which is why the 

data is directly loaded into the working directory and the analyses are run on each single factor as well as 
on the combinations of factors of the respective knowledge and organizational dimension. Running the 
analysis reveals three features, which can be directly interpreted. First, the effect size d (0,1) reveals how 
strong the effect of necessity is on the outcome variable; with d < 0.1 as small effect, 0.1 ≤ d < 0.3 as 
medium effect, 0.3 ≤ d < 0.5 as large effect, above 0.5 as very large effect (Dul, 2019) (see Figure 4 top). 
Besides its numeric value, d is displayed as the size of the area without observation when the variable is 
plotted against the outcome (see Figure 4 bottom). 

 

 

 

 

 

                                                      
2
 An overview and explanation of the methods crisp set QCA and multi-value QCA can be found in Ragin (2008) and Schneider and 

Wagemann (2012). 
3
 An introduction into using the NCA R-package can be found here: https://repub.eur.nl/pub/78323/. 
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Figure 4. NCA Output of the Effect Size D (top) and the Scatterplot for the Factor “edu” (Bottom) 

The abbreviations ce_fdh and cr_fdh refer to ceiling lines, which separate the areas with and without 
observations. A graphical depiction of those lines can be found in a scatterplot – which is the second 
feature of an NCA analysis (Figure 4, bottom and Figure 5). It plots the observations of a variable (blue 
dots) on the x-axis against the outcome on the y-axis. Ceiling envelopment with free disposal hull (ce_fdh) 
is a partially linear ceiling line (red line in Figure 4 and Figure 5), which delimits the range of observation 
of the expressions mainly of dichotomous and discrete variables. It displays, which level of X is necessary 
for reaching a respective level of Y. In Figure 4 (bottom), it can be interpreted as “A value of 3 of the factor 
“edu” is necessary for reaching the value of 7 of the outcome”. Ceiling regression with free disposal hull 
(cr_fdh) is used for mainly continuous variables (yellow line in Figure 4 and Figure 5). It smooths parts of 
the ce_fdh-ceiling line and, therefore, reduces the ceiling zone's size but can thereby be used for further 
analysis (Dul, 2019).  
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Figure 5. NCA Scatterplot of the Factor “Proportion of Internal Innovation Expenditure” (int_innoex) 

Besides the graphical demonstration of observations and ceiling lines, NCA offers the possibility to 
present the results in a bottleneck table, which is the third feature offered by the R-package. It illustrates 
the minimum amount of the variable X that is required for a respective level of the outcome Y in a 
percentage range.  

  

Figure 6. NCA Bottleneck Tables of Factors “edu” and “int_innoex” 

This feature is directly transferrable to the concept of MMs. The outcome variable can be understood as a 
maturity scale, and a possible necessity of a condition can be interpreted as a bottleneck for reaching a 
specific level of maturity. In Figure 6 (left-hand side), the respective bottleneck condition would be 
formulated as “to realize 90% of the outcome, there need to be at least 37.5% of variable edu”. Likewise, 
in Figure 6 (right-hand side), the respective bottleneck condition would be formulated as “to realize 90% of 
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the outcome, there need to be at least 10% of variable int_innoEx”. Furthermore, a possible necessity on 
different levels can guide the researcher in selecting the borders for the maturity scale. In our analyses, 
there exists a weak necessity for variable edu (d=0.047) and int_innoEx (d=0.012) on the 90%-level. As 
our analysis revealed the same 90%-level for two different factors, we assumed there is a subtle 
difference for the companies in passing this level. Thus, we concluded that reaching 90% of the outcome 
could be considered as the border for “high maturity”. However, the small effect size shows that the 
proportion of each factor for the occurrence of this outcome is low. Thus, we proceed to test for sufficient 
conditions by employing fs/QCA. Furthermore, since both factors revealed their necessity for the same 
outcome level, we used this value to draw the first boundary condition for the level of high maturity at 90% 
of the outcome variable, which was translated to the given value of 7 on the outcome scale 2 (Table 5). 
Since no other factors showed a necessity on a lower outcome level, we chose the boundary condition for 
low and medium maturity based on theoretical and empirical knowledge. 

3.6.2 Fuzzy-set Qualitative Comparative Analysis (fsQCA) 

The application of fsQCA requires a modification, called calibration, of the chosen variables and the 
underlying raw dataset (Ragin, 2008)

4
. By transforming the underlying factor values into fuzzy sets 

ranging from 0 and 1, the software “fs/QCA”
5
 will afterwards be able to determine the configurations of 

conditions leading to the presence of the outcome of interest. This transformation, part of the direct 
calibration, is done by selecting three thresholds (or anchors) that define the full set-membership, the full-
set non-membership, and a crossover point of maximum ambiguity between these two thresholds (Ragin, 
2008). Then, each case is assigned a new value according to its own set-membership, a process done 
automatically by the software fs/QCA after selecting the respective anchors. For the calibration, the 
underlying theory and the researcher’s experience and knowledge should always be considered to avoid 
ad-hoc calibration (Ragin, 2008; Wagemann et al., 2016). 

Calibration 

Especially the decision about the 0 and 1 anchors, which represents a case as being fully out or fully in a 
set as well as the assignment of the 0.5 crossover point, representing a case being neither in nor out of a 
set, is the most critical step. Due to an ongoing discussion of configurational methods in research, 
different streams of guidelines evolved over time (Mattke et al., 2022; Pappas & Woodside, 2021; 
Schneider & Wagemann, 2010; Thomann & Maggetti, 2020; Verkuilen, 2005). From a visual perspective, 
the fuzzification of data will draw a curve between the two extreme points 0 and 1; from a mathematical 
perspective, this step requires a membership function, which generates the curve. This curve can have 
different shapes, such as linear, quadratic, root, s-function, Bell-curve, or logistic (Kvist, 2006; Thiem, 
2014). On this curve the data points are distributed according to the fuzzy set membership function, which 
represents ‘the fundamental quantity necessary to use fuzzy sets’ (Verkuilen, 2005, p. 464f.). Given the 
importance of the decision on the fuzzy set anchors in combination with the variety of existing 
membership functions and the resulting solution space, the process of calibration becomes a 
multidimensional and complex process, that the researcher has to face prior to data analysis. Especially 
the decision about the 0.5 crossover point has, depending on the underlying membership function and the 
dataset, major influence on the form and position of the curve in the solution space. Given existing 
literature and research in this area, researchers argue for a primarily theoretical argumentation when 
deciding about set membership scores, resulting in a rather qualitative approach to the data (Ragin, 2008; 
Schneider & Wagemann, 2010; Wagemann et al., 2016), with recent papers offering a good amount of 
details on how to calibrate interview data and employ fsQCA (e.g., Iannaci & Cornford, 2018; Tasoulis et 
al., 2023). Another large stream of researchers supports a data-based transformation, taking internal 
characteristics and statistical measurements into account, thus focusing on a more quantitative approach 
(Mattke et al., 2022; Pappas & Woodside, 2021; Thiem, 2014)

6
. There does not exist a unified opinion 

about the correct approach to calibration in research yet. Whereas Schneider & Wagemann (2010) state 
that a “mechanical application of mathematical operations is almost always wrong” (p.7), Thiem (2014) 
argues that “the use of data-based transformations is sometimes more appropriate, particularly when 
theory-based criteria are difficult to establish” (p. 640). From this methodological complexity, the resulting 
breadth of discussion of the results can already be deduced. Hence, researchers propose different 

                                                      
4
 A detailed description on how to apply fsQCA in IS can be found in Pappas and Woodside (2021). 

5
 More information on the application of the software “fs/QCA” can be found in Ragin (2018). 

6
 Further discussion about different approaches QCA and “their emphasis on cases, their conception of a valid explanation, and their 

mode of reasoning” (p. 379) can be found in Thomann & Maggetti (2020). 
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approaches for dealing with fsQCA’s methodological challenges. A common suggestion is to avoid the 
direct assignment of the 0.5 crossover threshold as membership scores to cases, as those cases cannot 
be assigned to truth table rows according to the software’s algorithm and thus will be dropped from the 
analysis (Wagemann et al., 2016). As a solution to this adding a constant of 0.001 to every set value 
below 1 is suggested (Fiss, 2011). However, this approach ‘is arbitrary and should not become common 
practice’ (Wagemann et al., 2016, p. 5). Later on, Fiss’ (2011) approach was extended by additionally 
subtracting a constant of 0.001 of every set value and comparing the results for robustness (Maier et al., 
2021). But for a case being above (+0.001) or below (-0.001) the fuzzy set anchor of 0.5 means being 
considered in or out of a set. Thus, even a small adjustment of adding or subtracting 0.001 can have a 
(major) impact on the results

7
. In fact, when running sensitivity tests on different membership functions 

and the resulting coverage, Thiem (2014) was able to show a high sensitivity of linear, quadratic, root, and 
logistic functions as well as the coverage measures towards small changes in the calibration set up. 
Therefore, and since there are no established robustness tests for fs/QCA solutions yet, we adopt 
Wagemann et al.’s (2016) recommendation and refrain from the technique of adding or subtracting a 
constant to our fuzzy values and follow a data-driven calibration approach, even if it includes the not 
preferred but accepted spare use of 0.5 membership scores (Ragin, 2008). 

Even though the application of R for (fs)QCA analyses is becoming more popular recently, the fs/QCA 
software is used by most researchers for running QCA analyses. It is based on a logistic function, which 
never reaches values of 0 and 1. This limitation is often considered in the calibration process by assigning 
the values of the 0.05 and 0.95 percentile as 0 and 1 anchors to the dataset (Pappas & Woodside, 2021; 
Ragin, 2008). Furthermore, by taking data skewness and specific case characteristics based on 
descriptive statistics into account, the problem of limited diversity and subset relationships can be reduced 
(Cooper & Glaesser, 2016a; Schneider & Wagemann, 2012; Thomann & Maggetti, 2020). As our data 
base consists of 224 cases, thus a medium sized sample, we follow a data-driven calibration approach 
and examine deviation, frequency, and skewness of the data. In the initial data collection, the same 
questionnaire is utilized for data collection for small, medium, and large companies in different sectors, 
thus the respective item scales apply uniformly across all companies. However, due to the companies' 
individual characteristics, the values are not always comparable and should be qualitatively interpreted. 
FsQCA allows us to take into account companies’ individual characteristics when performing the analysis. 

Outcome Calibration 

For the development of the MM the most crucial step is the calibration of the outcome as it represents the 
dependent variable and is therefore directional for the characterization of the resulting maturity paths. For 
instance, the researcher needs to decide on the number of maturity levels and thereby on the number of 
software runs. The result of these outputs is a pool of solution terms for each maturity level representing 
the concept of equifinality that enables a company to choose its own, that is, the best fitting maturity path. 

The indicator for the measurement of the outcome is a proportion of the turnover by clearly improved or 
new products and is seen as a proxy for the IC of a company. The empirical assessment was done by 
applying scale 2 as indicator type (see Table 4). By calibrating the outcome variable, the respective raw 
data values are transformed into fuzzy set values (Pappas & Woodside, 2021; Ragin, 2008). We examine 
low, medium, and high maturity; thus, we calibrate the outcome three times based on different thresholds 
(Table 6).  

The NCA revealed two necessary conditions for reaching 90% of the outcome variable, so we set the full-
set membership anchor for high maturity on scale 2 at 7 (i.e., 87.5%) and the crossover point at 6, that 
equals a proportion of turnover of less than 50%, since the absolute distances on the scale were not 
evenly distributed. For the medium maturity level, we chose 6 as full-set membership and used the mean 
value (4.31) for the crossover point, indicating that all companies with a proportion of turnover of less than 
20% (given value of 4 on scale 2) are considered more out than in the set of medium maturity but with a 
value of more than 20% but less than 30% (given value of 5) more in than out of the set. Finally, for the 
low maturity level, we chose the mean value of 4.31 as full-set membership with a crossover point at 3 
(less than 15% proportion of turnover). For all levels, we set the anchor for full non-membership at 0.  

Factor Calibration 

                                                      
7
 Cooper & Glaesser (2016b) provide an exemplary overview of how sensitive QCA solutions are for changing the threshold and/or 

the crossover point by small amounts.  
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When deciding on the calibration of the underlying factor values it is important for the researcher to take 
the respective case and data knowledge into account. For example, a consideration in our research 
context is, that it is more likely for a large company to be able to invest higher amounts into internal 
innovation-related expenses than it is for a small company due to its limited financial scope (Bidan et al., 
2012). Consequently, the threshold for a small company to be fully in the set of high internal expenses for 
innovation-related expenditure is set at a lower position than it would be for a large company. For 
example, on scale 1 (see Table 6) the threshold for full set-membership in “high internal innovation 
expenditure” is set at 7 for a small company, implying that a small company, which spends more than 60% 
but less than 70% of its innovation expenses on internal innovation-related topics, is considered being 
fully in the set. Accordingly, we considered the statistical measures of the underlying dataset as it provides 
a general overview of the small companies’ distribution. We were thereby able to capture skewed results 
for the decision on qualitative calibration anchors. 

Table 6. Descriptive Statistics and Fuzzy-set Anchors for Data Calibration 

 Variable/Condition Mean SD Minimum Maximum Fuzzy-set anchors 

O
u

tc
o

m
e
 

Proportion of turn-
over by new or 
clearly improved 
products  

4.31 2.21 0 8 Low Maturity: 4.31 – 3 – 0  
Medium Maturity: 6 – 4.31 – 0 
High Maturity: 7 – 6 – 0 

K
n

o
w

le
d

g
e

 

D
im

e
n

s
io

n
 

Int. InnoEx 2.49 2.81 0 10 7 – 2.49 – 1  

Edu 4.06 2.43 0 8 7 – 4.06 – 1  

Ext. Know-How 0.35 1.15 0 10 2 – 1 – 0  

Coop 0.34 0.48 0 1 1  – 0  

O
rg

a
n

iz
a

ti
o

n
a

l 

D
im

e
n

s
io

n
 

New Work 0.29 0.46 0 1 1  – 0  

Own R&D 4.53 3.61 0 10 9 – 4.53 – 1  

Cont. R&D 1.24 0.88 0 2 2 – 1 – 0  

Dev. of InnoEx 2.93 0.93 1 4 4 – 3 – 2  

New BP 0.35 0.48 0 1 1  – 0  

Third party R&D 0.59 1.35 0 8 4 – 2 – 0  

For the calibration of the original data, we ran a descriptive analysis, analyzed the distribution of the data 
and chose the value of the 90

th
 percentile as full-set membership anchor and the given value of 1 as full-

set non-membership for the factors Int. InnoEx, Edu, and Own R&D. For Cont R&D and Dev. Of InnoEx 
we chose the highest and lowest ordinal value as full-set and non-set membership, respectively. For the 
nominal data, we chose the answers “yes” as being fully in the set (fuzzy set value 1) and “no” as being 
fully out of the set (fuzzy set value 0). Since two factors were highly skewed to the left, we adjusted the 
qualitative anchors relatively to their expression (Ext. Know-How, Third party R&D) following previous 
studies and recommendations (Pappas & Woodside, 2021; Plewa et al., 2016). For these conditions, we 
adjusted the threshold to 2 and 4, respectively (95% percentile) as full set-membership and 0 as full-non 
set-membership. As crossover points, we chose 1 and 2, respectively. For the remaining conditions, we 
chose as crossover point the mean of the factor (Int. InnoEx, Edu, Own R&D) or crisp set calibration if the 
factor was nominal (Coop, New Work, New BP). For the outcome, we chose three different calibrations, 
each representing one maturity stage. The qualitative anchors of these calibration values were chosen in 
several iterations, based on theoretical knowledge, the distribution of the underlying scale and data 
deviation, as well as the results of the NCA as indication for boundary conditions, representing logical 
‘inhibitors’, which should be satisfied to proceed to the next level of maturity (Lasrado et al., 2016). Table 
6 presents an overview of the calibrated factors.  

After the data calibration, we proceed to obtain the solution terms that represent sufficient configurations 
of conditions for achieving a specific maturity level. Running the fs/QCA algorithm reveals 2

k
 possible 

combinations of k conditions which are displayed in a truth table. At this point, an analysis of all 10 
conditions at the same time would have yielded 1.024 truth table rows, which cannot be empirically 
covered by our dataset of 224 cases. We, therefore, ran the analyses separately for the two dimensions, 
offering more possibilities to choose different paths for each maturity level independently for each 
dimension. The resulting truth table is sorted by frequency, which refers to the number of case-
observations that are present for the combination of conditions. Since our data sample has more than 150 
cases, the suggested frequency threshold is at least 3 (Fiss, 2011; Ragin, 2008). This ensures a fixed 
minimum number of observed combinations for the analysis. The lower the frequency cut off the more 
combinations of conditions will be considered in the analysis, resulting in more possible solution 
pathways, making the MM more complex in its application. The developer should, therefore, consider a 
threshold which reflects a meaningful representation of the target group’s data base. Thus, we followed 
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Fiss’s (2011) and Ragin’s (2008) suggestion whenever possible. However, not many companies reached 
a high level of maturity in our sample; thus, a higher frequency threshold would have meant a loss of 
these cases. To account for this on these specific occasions, we set the frequency threshold to 2 or 1. 
Since the consistency threshold refers to “the degree to which cases correspond to the set-theoretic 
relationships expressed in a solution” (Fiss, 2011). We set the consistency threshold at a minimum of 0.8, 
over the recommended minimum 0.75 (Ragin, 2006). The qualitative character of fsQCA allows for 
adjustments in the process of the cut-off choice, based on the characteristics of the underlying dataset.  

We proceeded our analysis by deciding on which of the cases are fully representing the presence of the 
outcome (labelled 1) and which should be dismissed for the analysis (labelled 0). We did so by also taking 
the PRI consistency into account. This “Proportional Reduction in Inconsistency” reveals whether a 
condition is a subset of the presence and absence of the outcome at the same time (Schneider & 
Wagemann, 2012). A high PRI consistency represents very different consistency scores for the presence 
and absence of the outcome, which is why we only chose these combinations of conditions, that showed a 
high consistency and a high PRI consistency (>0.5) at the same time (Greckhamer et al., 2018; Pappas & 
Woodside, 2021). The calibration of the data and the following analysis is an iterative process, where the 
researcher needs to question and justify the results for accuracy. If needed, the calibration or thresholds 
need to be adjusted.

8
  

Following these decisions, three different kinds of solutions are generated (complex, parsimonious, 
intermediate). We used the intermediate solutions in combination with the parsimonious solution for more 
detailed and aggregated solutions (Fiss, 2011), containing all logical remainders based on easy 
counterfactuals (Schneider & Wagemann, 2012). 

3.7 Maturity Patterns 

Concept 

The derivation of maturity patterns is crucial for the structure of the model and the corresponding evolution 
paths. Such a maturity pattern represents the abstraction of NCA and fsQCA analysis results and consists 
of the sum of different configurations per maturity level. Since the analysis of necessity and sufficiency 
which is conducted by NCA and fsQCA is run for each maturity level separately, the structure of maturity 
levels as stages only becomes apparent after the analysis have been carried out and the results have 
been consolidated. Thus, a maturity pattern represents the abstraction of a maturity level with the number 
of configurations characterizing the respective level.  

In a first step, the method NCA is applied on the dataset to test for necessary conditions which need to be 
present for the occurrence of a specific level of the outcome. The necessity of a specific factor for the 
occurrence of a specific level of the outcome can be interpreted as a given critical condition which is 
required in a company in order to be considered as having reached the respective maturity level.  

Besides the identification of sufficient conditions, which lead to the occurrence of the outcome, the fs/QCA 
software also provides the possibility to test for necessary conditions. However, since the test for 
necessity in fs/QCA is different than the analysis in NCA, it can be understood as a useful 
complementation to run both necessary analyses. Whereas NCA distinguishes between a necessity of a 
certain level of the variable for a certain level of the outcome (“necessity in degree”), fs/QCA analyzes if 
the presence of a condition is in general necessary for the occurrence of the outcome (“necessity in kind”) 
(Vis & Dul, 2018). The test for necessity in fs/QCA revealed no necessary conditions in the underlying 
data, thus, no single condition is on its own necessary for the occurrence of maturity level. 

Instantiation 

Table 7 and Table 8 present the results of the configurational analysis with fs/QCA with black circles 
indicating the presence of a condition and circles with “x” indicating its absence. Large circles () and 
bold circles with “x” () indicate core conditions; small and non-bold ones (,) peripheral conditions; 
blank spaces “do not care” situations (Fiss, 2011). As suggested by Pappas and Woodside (2021), we 
clarify the distinction between the absence of a condition and a “do not care” condition in our 

                                                      
8
 When rerunning the fsQCA with lower consistency cut-offs, same or similar configurations were achieved (see supplementary 

material). Notably, this led to an increase in overall solution coverage but with a decrease in the overall solution consistency, 
sometimes under the 0.80 and closer to 0.75. A low consistency threshold reduces type II errors (i.e., false negatives), but increases 
type I errors (i.e., false positives), and vice versa (Dul, 2016). Thus, we present the truth table, which can help increasing the validity 
of the findings and strengthen the rigorousness of the process. 
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interpretation. The absence of a condition is also referred to its negation or its opposite, i.e., the absence 
of a “high level” of a condition represents the “not-high level” of the respective condition. For readability 
reasons, we refer to this as low-level. Whereas the presence or absence of a “do not care” condition is 
irrelevant for the occurrence of the outcome.  Next to the frequency (F) and consistency (C) thresholds, 
the tables show the consistency and coverage values of each solution term as well as for each maturity 
level. Consistency reveals to what degree the empirical case data is in line with the solution term. 
Coverage explains the relation in size between the solution term and the outcome. Furthermore, the 
displayed values reveal the percentage of the outcome, which is explained by a sufficient solution term 
that is part of a solution set (raw coverage) as well as the percentage of the outcome, which is uniquely 
explained by a single solution term (unique coverage) (Ragin, 2008). The results show 12 solutions (4 low, 
3 medium, 5 high maturity) for the organizational dimension (Table 7) and 9 solutions (4 low, 3 medium, 2 
high maturity) for the knowledge dimension (Table 8), revealing the existence of multiple solutions per 
maturity level, thus allowing for equifinality within an MM. The interpretation of the fs/QCA results is 
illustrated only for the organizational dimension. Table 8 for the knowledge dimension is to be 
paraphrased accordingly. 

Table 7. Organizational Configurations Leading to Low, Medium, and High IC Maturity 

 Low Level Medium Level High Level 

Organizational F:3 ; C:0.956 F:4 ; C:0.888 F:1 ; C:0.914 

 1o 2o 3o 4o 5o 6o 7o 8o 9o 10o 11o 12o 

New Work              

Own R&D             

Cont. R&D             

Dev. of InnoEx             

New BP             

Third party R&D             

Consistency 0.95 0.98 0.95 0.97 0.92 0.88 0.91 0.91 0.88 0.86 0.93 1 

Raw Coverage 0.13 0.13 0.15 0.09 0.15 0.18 0.13 0.14 0.18 0.20 0.14 0.13 

Unique Coverage 0.04 0.03 0.09 0.02 0.04 0.07 0.06 0.03 0.06 0.07 0.03 0.01 

Overall solution 
cons. 

0.944 0.886 0.805 

Overall solution 
cov. 

0.278 0.280 0.335 

Note: Black circles indicate the presence of a condition, and circles with “x” indicate its absence. Large circles and bold c ircles with 
“x” indicate core -, small ones, peripheral conditions. Blank spaces indicate “do not care” conditions. 

Organizational dimension (solutions 1o-12o, Table 7): Four paths lead to low maturity (1o-4o). The 
presence of Cont. R&D as core condition when New Work and Own R&D are absent will result in low 
maturity when either Dev. of InnoEx and Third Party R&D are absent, regardless of New BP (1o) or 
combined with the presence of Dev. of InnoEx and Third Party R&D when New BP is absent (4o). As well 
as the presence of New BP as core condition and Cont. R&D, when New Work, Dev. of InnoEx, and Third 
Party R&D are absent (2o). Finally, the presence of New Work, Cont R&D, high Dev. of InnoEx as core 
conditions and new BP will lead low maturity when Third party R&D is absent, regardless of Own R&D 
(3o). For medium maturity, 3 paths exist (5o-7o). The presence of Cont. R&D results in medium maturity 
when all other conditions are absent (7o). Also, given the absence of Third Party R&D, the presence of a 
high proportion of Own R&D, Cont. R&D, and New BP will lead to medium maturity either if New work is 
absent (5o) or if Dev. of InnoEx is present (6o) regardless of the other conditions. High maturity is 
characterized by 5 solution terms (8o-12o). The presence of New Work and Cont. R&D when Own R&D, 
New BP, and Third party R&D are absent (8o) as well as the presence of Cont. R&D and Dev. of InnoEx 
when New Work, Own R&D and New BP are absent lead to high maturity, regardless of the other two 
conditions in this dimension (9o). Further, when New Work, Dev. of InnovEx, and Third Party R&D are 
absent, high maturity can be reached by the presence of Cont. R&D and New BP, regardless of Own R&D 
(10o). Likewise, the presence of all conditions, except for Dev. of InnoEx. as “do not care” condition, leads 
to high maturity (11o), as well as the presence of Dev. of InnoEx. and New BP when all other conditions 
are absent (12o). 
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Table 8. Knowledge Configurations Leading to Low, Medium, and High IC Maturity 

 Low Level Medium Level High Level 

Knowledge F:4 ; C:0.87 F:2 ; C:0.879 F:2 ; C:0.855 

 1k 2k 3k 4k 5k 6k 7k 8k 9k 

Int. InnoEx          

Edu          

Ext. Know-How          

Coop          

Consistency 0.86 0.89 0.95 0.97 0.86 0.91 0.86 0.9 0.85 

Raw Coverage 0.15 0.21 0.07 0.09 0.17 0.13 0.15 0.15 0.17 

Unique Coverage 0.07 0.14 0.01 0.02 0.05 0.02 0.08 0.06 0.08 

Overall solution cons. 0.859 0.822 0.836 

Overall solution cov. 0.346 0.268 0.231 

Note: Black circles indicate the presence of a condition, and circles with “x” indicate its absence. Large circles and bold circles with 
“x” indicate core -, small ones, peripheral conditions. Blank spaces indicate “do not care” conditions. 

3.8 Assessment Instrument 

Concept 

After having identified the respective maturity patterns per level, the researcher is able to develop the 
assessment instrument for a later application in an entity (i.e., a company).  

Besides the previously determined characteristics of a small and industrial company, the ICMM can 
further only be applied with the conditions that were used for its development. Therefore, the researcher 
needs to build a questionnaire based on the same variables and scales that were used in the survey for 
the data collection (see Table 5).  

Instantiation 

In this example, the assessment instrument will consist of ten questions: four questions regarding the 
knowledge dimension and six questions regarding the organizational dimension. According to the anchor 
points from the calibration (see Table 6) the companies will be considered as being in, out, or neither in 
nor out of the conditions’ sets. The applicant of the assessment instrument will then be able to 
characterize the company regarding its present or absent conditions. Based on the existing maturity 
patterns (Table 7 and 8) and the respective entity’s characteristics, the applying researcher, e.g., the 
maturity model user, will be able to derive maturity paths, which represent prescriptive developmental 
states for the entity. 

3.9 Maturity Paths 

Concept 

Besides the descriptive intention of the MM, the existing configurations of each maturity level can be used 
to derive recommendations for action regarding which conditions or factors should be focused on to 
achieve a higher maturity level (prescriptive). This process is dependent on the respective situation within 
the entity and is considered to be highly individual. Due to the concept of equifinality, an entity can 
choose—depending on its own characteristics—a corresponding path for increasing maturity.  

Instantiation 

Thus, the final step in the instantiation of the ICMM is the interpretation of the derived maturity patterns in 
order to provide the target group an overview and analysis of the fs/QCA results and the resulting maturity 
paths for improvement. We first present a dimensional interpretation and afterwards explain the 
interchangeability of maturity paths. 

3.9.1 Dimensional Maturity Paths  

For the qualitative dimensional interpretation of the maturity paths, we divide the description of the 
maturity per dimension and level. This analysis approach is intuitive since we ran the analysis for each 
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dimension separately. Table 9 provides an overview of the different maturity pathways for each dimension 
as well as possible improvement paths that a company could take.  

Table 9. Explanation of Maturity Pathways 

 Low Maturity Medium Maturity High Maturity  

Knowledge A company can reach low 
maturity by: 
 - only focusing on 
cooperations while not 
investing in external know-
how and not investing in 
employees with a higher 
educational degree (1k)  
- focusing on internal 
innovation expenses and own 
educated personnel, given 
low external know-how (2k)  
- investing in external know-
how and internal innovation 
expenses, with the absence 
of educated personnel and 
cooperation (3k)  
- focusing on own educated 
personnel and external know-
how, with the absence of the 
remaining conditions (4k) 
 

A company can proceed to 
medium maturity by:  
- investing in external know-
how if it does not have 
cooperation (5k)  
- investing in external know-
how if internal innovation 
expenses and education are 
low (6k)  
- investing in internal 
innovation expenses and 
cooperation but not external 
know-how (7k) 

A company can reach high 
maturity by: 
- focusing on high external 
know-how and high internal 
innovation expenses, given 
the absence of cooperation 
(8k) 
- increasing internal 
innovation expenses, 
qualification of own staff, 
and cooperation but low 
external know-how (9k) 

Organization A company can reach low 
maturity by: 
- focusing on continuous 
R&D, no new methods of 
work organizations and high 
own R&D expenses (1o) 
- focusing on continuous R&D 
and the introduction of new 
business processes is 
sufficient when new work, 
increasing innovation 
expenses and third party R&D 
are absent (2o) 
- investing in continuous R&D, 
new work organizations and 
business processes as well 
as increase innovation 
expenses if only third party 
R&D is absent (3o)  
- increasing innovation 
expenses and third party 
R&D, as well as continuous 
R&D, when the remaining are 
absent (4o)   

A company can proceed to 
medium maturity by:  
- investing in own R&D 
activities as well as new 
business processes but no 
new work or third party R&D 
(5o) 
- investing in own R&D 
activities as well as new 
business processes and 
increased innovation 
expenses but no third party 
R&D (6o) 
- focusing on continuous R&D 
(7o)   

A company can reach high 
maturity by: 
- increasing eventually 
internal innovation expense 
but invest in continuous R&D 
in combination with new 
work organizations and the 
absence of remaining 
conditions (8o) 
- only increasing innovation 
expenses in the current year 
and investing in continuous 
R&D (9o)  
- investing in continuous 
R&D and in an introduction 
of new business processes 
(10o) 
- relying of third party R&D in 
combination with new work 
organizations, as well as 
new business processes and 
own continuous R&D 
activities (11o) 
- only investing in new 
business processes and an 
increase in innovation 
expenditure (12o) 
 

When applying the ICMM to a company, the presented results offer the possibility to take the respective 
features regarding the present or absent conditions of that specific company into account. For example in 
the knowledge dimension, if a company reached low maturity by focusing on cooperation (1k), it can 
proceed to medium maturity by only investing in external know-how and keeping these cooperations, 
since it is a “do not care” condition (6k). Furthermore, if a company already focusses on internal 
innovation expenses and cooperations but does not invest in educated personnel since it is a don-not-
care condition (7k) it can move to the highest maturity level by starting to exploit educated personnel (9k) 
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and thus, being less dependent on external know-how, which may be relevant for intellectual property 
rights or patents. 

Since there is no core presence of own R&D activities on the low maturity level in the organizational 
dimension, the configurations can be regarded as prerequisites for the development of the company 
structure that enables the development of innovative products in the next levels. For instance, solution 2o 
can be considered as a focus on the preparation or the alignment of the internal organizational structure to 
IC as it only focuses on the creation of new business processes and continuous R&D activities. Solution 
4o can be interpreted as a focus on the improvement of existing or the creation of new products since the 
internal organizational structure is not affected. Solutions 5o and 6o appear in combination with the 
absence of third party R&D, thus, a strong focus on the company’s actual product innovation activities can 
be assumed, when moving to the medium maturity level. It can be interpreted as an orientation towards 
the innovation of new products after having aligned the company’s structure on the previous maturity 
level. Finally, solution 12o reveals that even on the high maturity level, companies still tend to adapt their 
process structure to changing requirements and need to increase their innovation expenditures.  

3.9.2 Interchangeability of Maturity Paths 

Due to the configurational development approach of the ICMM and the usage of the same outcome 
variable for the knowledge as well as organizational dimension, the MM offers the opportunity for a 
company to reach high maturity by focusing on the solution terms described in both dimensions as well as 
focusing exclusively on the knowledge dimension or the organizational dimension. Since the same dataset 
was used and all cases have values for each condition, both dimensions must be explained within the 
underlying data. We, therefore, investigated the calibrated data of the 224 cases and analyzed their 
membership values in each of the 12 solution terms. Thus, we identify companies with high values in 
solutions of either the knowledge or organizational dimensions as well as in both. Additionally, by going 
back into the raw data, we were able to analyze and interpret the underlying characteristics of the 
companies to explain their decisive situations.  

Plotting the solutions against the outcome reveals the distribution of the cases (dots) and their 
membership values (Figure 7). Cases in the top right corner represent a high membership value in the 
solution 2k as well as in the outcome of low maturity. 

 

Figure 7. Fuzzy XY Plot of Solution 2k Against the Outcome of Low Maturity 

When selecting single cases, for instance case 66 with a membership value of 0.91 in solution 2k and 1.0 
in the outcome low maturity, it is possible to check and compare its membership values in the remaining 
solutions (Table 10). As the table shows, the argument of focusing on one dimension, in this case 
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knowledge, is valid. Going back to the raw data reveals that company 66 indicated a proportion of total 
turnover from new or clearly improved products of 30 to 50%, which equals a 6 on scale 2. It, therefore, 
has membership values of 0.5 in the set of high, 0.95 in the set of medium, and 1 in the set of low 
maturity. 

Table 10. Membership Values of Case 66 in all Solutions 

Case 66 Knowledge Dimension  

Solution 1k 2k 3k 4k 5k 6k 7k 8k 9k  

M. 
Value 

0.05 0.91 0.05 0.05 0.05 0.05 0.91 0.05 0.91 

Case 66                                                      Organizational Dimension 

Solution 1o 2o 3o 4o 5o 6o 7o 8o 9o 10o 11o 12o 

M. 
Value 

0.27 0.05 0.05 0.05 0.05 0.05 0.27 0.05 0.27 0.05 0.05 0.05 

 

Table 10 shows, that those maturity levels are mostly explained on the knowledge dimension. 
Furthermore, it reveals the evolutionary structure of an MM, which is implied by the fact that a company, 
which has reached the highest maturity, also has membership values in the lower maturity levels.  

Table 11. High Membership Solutions of Case 
66 per Maturity Level in the Knowledge 

Dimension 

Knowledge Low  Med. High 

 2k 7k 9k 

Int. InnoEx    

Edu    

Ext. Know-How    

Coop    

Consistency 0.89 0.86 0.85 

Raw Coverage 0.21 0.15 0.17 

Unique Coverage 0.14 0.08 0.08 
Note: Black circles indicate the presence of a condition, 
and circles with “x” indicate its absence. Large circles 
and bold circles with “x” indicate core -, small ones, 
peripheral conditions. Blank spaces indicate “do not 
care” conditions. 

Analyzing the case’s configurations shows the following possible evolution path for a company (Table 11): 
in order to be considered on the low maturity level, the company needs to focus on high internal 
innovation expenses in combination with high investments in own educated personnel, while not investing 
in/focusing on external know-how (2k). It will proceed to medium maturity by suspending the focus on 
educated employees but continue investing in internal innovation expenditure as well as initiating 
cooperation with other firms (7k). The company will reach high maturity by investing in own educated 
personnel again as well as keeping its focus of the medium level (9k). Another possibility could be, that it 
invests immediately from the low maturity level into the required conditions representing 9k/high maturity. 
Thus, if there are sufficient financial resources, the company could, instead of gradually working its way 
up to the required conditions of the highest level, invest directly in all the required conditions for high 
maturity and thus skip the medium level.  
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Figure 8. Fuzzy XY Plot of Solution 12o Against the Outcome of High Maturity and Case 84 (highlighted) 

On the other hand, there exist companies, whose maturity may be explained by both dimensions. Case 
84, for instance, has a membership value of 0.95 for the knowledge dimension, in solution 2k for low 
maturity, in 7k for medium maturity, and 9k for high maturity. Furthermore, this company has a 0.95 
membership value in the high maturity configuration 12o of the organizational dimension (see Table 12 
and Figure 8). Going back to the raw data reveals, that this company indicated a proportion of total 
turnover from new or clearly improved products of 75 to 100% (8 on scale 2), which is why this case has a 
membership value of 1 in each maturity level. However, the possibility of interdependencies of both 
dimensions as well as the influence of conditions that were not investigated in the fsQCA is still given. 

Table 12. Membership Values of Case 84 in all Solutions 

Case 84 Knowledge Dimension  

Solution 1k 2k 3k 4k 5k 6k 7k 8k 9k  

M. 
Value 

0.05 0.95 0.05 0.01 0.05 0.01 0.95 0.05 0.95 

Case 84                                                      Organizational Dimension 

Solution 1o 2o 3o 4o 5o 6o 7o 8o 9o 10o 11o 12o 

M. 
Value 

0.05 0.05 0.05 0.05 0.02 0.02 0.05 0.05 0.05 0.05 0.02 0.95 

 

Besides the two-folded intra-dimensional maturity approach, interpreting those configurations reveals a 
possible inter-dimensional maturity path. Case 84 is a representative for a company’s possibility to 
address the knowledge-related factors on the low and medium maturity level, and for the high maturity to 
either focus on the knowledge dimension as well (9k) or to focus on the organizational dimension instead 
(12o). However, the possibility of inter-dimensional maturity pathways should be regarded as a qualitative 
component of the maturation approach as the respective membership values of a case in each solution 
need to be considered and analyzed. A mathematical comparison or ranking between solutions of 
different fsQCAs is not possible, which is why the evaluation is the researcher’s responsibility.  

3.9.3 Testing for Predictive Validity 

In order to examine the ability of the derived maturity paths to predict the dependent outcome variable, the 
derived solutions were tested for predictive validity (Gigerenzer & Brighton, 2009; Pappas & Woodside, 
2021; Woodside, 2014). This procedure is important as it reveals the model’s solution accuracy for 
different datasets not only the underlying one in this study. To do so the underlying dataset was randomly 
divided into a sub-sample and a holdout sample. Then, the data calibration was applied using the same 
qualitative anchors as above for both sets. Running fs/QCA on the sub-sample revealed several solution 
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models which were afterwards computed as new variables for the holdout sample
9
. Plotting one of the 

model-variables against the outcome in the holdout sample reveals set-theoretic consistency scores 
(Ragin, 2018). Figure 9 resents the plot of one of the solution models “predmod1” against the outcome 
“low maturity” with the consistency scores of 0.82 and coverage of 0.34. If one of these scores is regarded 
as consistency it will automatically identify the other score as coverage. Predictive tests for the highly 
consistent model from the subsample (86%) also has a high predictive validity for the holdout sample 
(82%) (Figure 9). Thus, the argument is valid that the derived results have predictive validity for others, 
than the underlying data sample (Pappas & Woodside, 2021). 

 

Figure 9. Fuzzy-Plot of "predmod1" on the Holdout Sample Data 

4 Discussion and Implications 

4.1 Discussion 

When comparing the MM presented here with existing ICMM approaches, several differences can be 
found at a structural and content level. Although most ICMMs share the dominant structure of a staged 
MM, the concept of equifinality allows for a more fine-grained interpretation of the maturation process. By 
using an empirical development approach, which is based on a dataset of the target group itself, the 
resulting MM per se has a higher representativity than purely theory or literature-based (IC)MMs. This has 
implications for the validity but also the applicability of configurational-theory based MMs, as these MMs 
are individually valid for a previously defined class of entities and do not present an one-size-fits-all MM. 
In order to be able to run an fsQCA, the researcher needs to define a single outcome as dependent 
variable across all cases, thereby maturity is considered in relation to direct competitors, which creates a 
higher benchmark potential for the entity class, as the size and sector of a company can be decisive for its 
business model and processes. Whereas existing MM development approaches present guidelines for 
MM development (Becker et al., 2009; De Bruin et al., 2005), they do not present underlying theories and 
necessary concepts for the actual MMs in detail. Even though the development of the framework in 
Becker et al. (2009) is based on theoretical guidelines following design science research, the actual 
presentation of its instantiation remains on a generic level. However, this raises a common problem in 
presenting unified guidelines for research. On the one hand, the more general the description of the 
guidelines and the broader their applicability, the coarser the level of detail must be in order to be 
generally valid. On the other hand, the more detailed a process model is described, the more limited its 
application and the more difficult it is to replicate. We address this paradox by presenting a blueprint which 

                                                      
9
 More results of the testing for predictive validity can be found in the appendix. 
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is explained on a conceptual as well as an instantiation level. Thereby, we consider MMs first generally on 
a conceptual meta level and describe underlying components and relations, and second instantiate these 
components in an exemplary approach and present an actual MM for the domain of IC.  

Our approach counteracts the criticism of ad-hoc development approaches (Felch & Asdecker, 2020; 
Pereira & Serrano, 2020). Further it exemplifies how NCA and fsQCA can be applied for the development 
of an ICMM and also explains the detailed analysis, which becomes possible due to the qualitative nature 
of fsQCA. Furthermore, drawing on the principle of equifinality, fsQCA offers the possibility of developing 
MMs that are characterized by a higher degree of individualization for the target group. The concept of 
inter- and intra-changeability of maturity paths takes the high demands of domain complexity and flexibility 
into account, providing applicants with a freedom of choice with regard to their maturation pathway. Also, 
the development process is characterized by choices for the researcher. For instance, if the researcher 
faces a scope of validity that is characterized by a high theoretical fragmentation, they have the possibility 
to divide the model into dimensions for a better depiction of factors, which belong to the same domain, 
however, are too fragmented in their underlying theoretical logic. If the scope of validity is defined by a 
group of factors that do not require further theoretical subdivision, the researcher can build the model 
unidimensionally. A configurational approach allows for both options.  

A unidimensional development approach accounts for the configurational, thus, holistic logic, while the 
multidimensional development approach accounts for the classical MM logic as it considers the 
dimensional composition of factors, like many previous MMs. Still, both approaches are supported by 
fsQCA. The decision about a uni- or multidimensional MM depends on the underlying theoretical 
knowledge about the domain and needs to be explained by the author. Our MM development approach 
should be regarded as an exemplary instantiation of a multidimensional MM, which is aligned to existing 
MM structures (MM meta-model), applies fsQCA, and thereby provides a different approach to domain 
complexity by offering solutions for two different but domain-related dimensions. 

Whereas Andersen et al. (2020) debate the focus on the ‘empirical monolithic research culture’ (p. 262) 
when it comes to a recommended development approach for MM, we agree with Poeppelbuss et al. 
(2011), that empirical approaches support the interpretability of the respective underlying logics of the 
model. MMs, which are built on quantitative development approaches, provide a traceable and 
reproduceable method, which can be verified and further validated. Furthermore, based on the 
characteristics of equifinality, a configurational theory-based approach addresses the criticism of MMs as 
oversimplifying reality and being merely ‘step-by-step recipes’ (McCormack et al., 2009), that lack 
empirical validity (De Bruin et al., 2005; King & Kraemer, 1984; Poeppelbuss et al., 2011), by providing 
more than one pathway to the state of full maturity. 

Comparing the ICMM with existing approaches, it can be said that on a general level the results are in line 
with previous research. For example, both R&D and networks are important for SMEs at a low maturity 
level (Jørgensen & Ulhøi, 2010), and external networks and collaborations are needed to reach a high 
maturity level (Narcizo et al., 2019). However, especially in complex domains such as IC, the 
consideration of grouped configurations of maturity allows for a more accurate representation of an 
organization's reality. Compared to single IC factors, IC configurations are superior because they are able 
to represent different types of maturity pathways, whereas previous studies were not able to represent 
multiple maturity pathways, thus neglecting specific characteristics of the application class (Corsi & Neau, 
2015; Jørgensen & Ulhøi, 2010; Narcizo et al., 2019; Zheng et al., 2021). By showcasing the instantiated 
ICMM, we address some of the criticism of existing ICMMs. For instance, by offering several solutions per 
maturity level, a company can decide which is the most convenient way to proceed in IC maturation. This 
is a major difference to previous ICMMs as the rarely present recommendation for reaching higher levels, 
and only depict a current IC level (Rush et al., 2007) or mention improvement areas without specifically 
describing practices (Enkel et al., 2011). Thus, the instantiation of our ICMM should be regarded as an 
extension of existing MMs in the domain of IC (Corsi & Neau, 2015; R. Narcizo et al., 2019), offering the 
possibility to provide a more individualized and diverse way to achieve full IC in SICs. Even though the 
presented ICMM is based on and valid for IC and the entity class of German SIC the applicability of such 
configurational theory-based MMs is not limited to any scope of validity, entity class or maturity matrix. 
Thus, further instantiations for e.g., middle or large companies in different regions or sectors are possible. 
However, the instantiation process would have to begin from the beginning and the data collection would 
have to be adapted accordingly to the scope of validity, the entity class, ant the maturity matrix. 
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4.2 Theoretical Implications 

The theoretical contribution of this study is threefold. First, we contribute to existing MM research by 
offering an empirical, quantitative data-based development approach, which applies the configurational 
methods NCA and fsQCA. Differing from existing, merely ad-hoc and literature-based design approaches 
(Pereira & Serrano, 2020), this research addresses the call for a stronger embedding of theoretical and 
conceptual grounding in the development process of MMs (Andersen et al., 2020; Lasrado et al., 2016). 
We divide the development process into two levels: (1) the definition of conceptual MM characteristics, 
which are based on configurational theory, and (2) their exemplary instantiation in the domain of IC. Since 
we provide an extensive description of each characteristic as well as its instantiation in the domain of IC, 
we offer – apart from the ICMM – a blueprint for future configurational theory-based MM development 
approaches, that may be developed for different entity classes and domains.  

Second, this paper contributes to the body of knowledge in IC maturity research by presenting 21 
configurations of IC conditions representing different combinations of maturity paths for low, medium, and 
high IC of SICs. It, therefore, provides answers to the question of how a company identifies its own level 
of maturity and, depending on its own situation, on which conditions it should focus in order to improve its 
own maturity level. We, thereby, answer the call for research by Mendoza-Silva (2021) for ICMMs, which 
balance theory and practical applicability. The consideration of IC as configurations of antecedents rather 
than single factors has so far never received attention. However, the combination of NCA and fsQCA for 
MM development, as first done by Lasrado et al. (2016), in combination with more than one dimension, as 
demonstrated in our approach, offers a huge variety for possible maturation pathways. Even though our 
MM development approach applies the same idea of a configurational MM as Lasrado et al. (2016), we do 
not only provide pathways to low, high, and very high maturity by considering solutions leading to the 
absence or presence of the outcome, but we investigate three different outcome calibrations, thereby 
provide solutions for three maturity levels. Furthermore, our convergence of complexity by a dimensional 
subdivision allows for a more realistic depiction of the target group’s characteristics – especially in 
domains that are theoretically fragmented in their underlying maturation knowledge. Thereby, the 
researcher can collect data which is entity class and dimension specific and can, thus, develop an MM 
with a more prescriptive character due to representative data and characteristics of its target group.  

Finally, our approach extends the body of knowledge on the application of configurational methods. As 
highlighted by Mattke et al. (2021, 2022), most QCA applications in IS research neglect the combination of 
NCA and QCA. We fully agree with the authors as well as with Vis and Dul (2018), who further explain 
that complementing NCA with fsQCA will yield in more precise results as they can be analyzed “in degree” 
rather than just being “in” or “out” of a set. Especially in the context of MM development, this 
complementation is a fruitful addition as necessary conditions can represent maturity barriers and are 
therefore of crucial importance (Lasrado et al., 2016). Just as Lasrado et al. (2016), we encourage the 
development of MMs applying configurational methods, as the relative and dynamic concepts of MMs and 
their underlying domain can be depicted in a more flexible way than in existing deductively oriented 
development approaches.  

4.3 Practical Implications 

This study’s findings have several implications for developers and users of a configurational theory-based 
MM. First, the MM developer is able to identify necessary (in kind and degree) as well as sufficient 
conditions and configurations, providing the possibility to derive explicit boundary conditions and bounding 
configurations, which define a certain level of maturity for a previously defined scope of validity. Second, 
due to the empirical and data-driven development approach a developer is able to derive MM families, 
representing a collection of MMs for different domains and entity classes as the respective target group. 
For instance, three MMs, each with an IC domain focus but derived for small, medium, and large 
companies separately, or three MMs, each with a focus on small companies but derived for three different 
sectors or domains.  

The implications on the user level refer to the user’s intention and thereby the MM’s explanatory content. 
First, the here presented MM comprises characteristics of a descriptive and prescriptive MM 
simultaneously, which is relevant for its users, and requested by existing literature (Poeppelbuss & 
Roeglinger, 2011). An application as a descriptive MM reveals a company’s IC maturity level based on the 
configuration of conditions that are present or absent. It will therefore represent a benchmarking tool, 
which can be applied in order to evaluate a company’s relative maturity compared to companies of the 
same size and sector. The prescriptive application makes use of the concept of equifinality and offers a 
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variety of different evolution paths. By applying fsQCA, the MM provides benchmark-specific solutions per 
maturity level, which can all be considered equal. Thus, no further quantitative decision calculus is needed 
for the best solution, as recommended, for instance, by Poeppelbus & Roeglinger (2011). Depending on 
the decisive situation and the presence or absence of relevant conditions, the MM offers a depiction of 
which configurations a company should address to proceed to a higher maturity level, taking their 
underlying business model into account. However, due to the intersections of the considered domains 
within a company (e.g., educated personnel is needed to carry out R&D) the conditions should not be 
considered as completely independent from each other, rather complementary. Finally, we contribute to 
the knowledge transfer problem raised by Van de Ven & Johnson (2006). By not only describing the 
proposed MM development approach at a theoretical and conceptual level but also instantiating and 
analyzing it with an existing dataset, we transfer research knowledge into practical knowledge by 
discussing and explaining its benefits in a context of practice. Given the conceptual blueprint character for 
a configurational theory and method-based MM development, this approach can, therefore, be applied by 
researchers as well as practitioners. 

5 Conclusions and Limitations 

The development of MMs has been a subject in research for many decades and still gives rise to 
challenges for researchers and practitioners. The contribution of this study is divided into a theoretical and 
a practical aspect.  

First and primarily, by providing a rigorous development approach of a configurational theory-based MM, 
we provide a blueprint for future MM development, applying the same research methods, which has so far 
rarely been applied in IS research (Bley et al., 2021; Lasrado et al., 2016). Thus, our research contributes 
to the theoretical body of knowledge by offering structural components on a meta and instantiation level, 
which should be considered in order to develop a conceptually standardized and methodologically 
rigorous MM

10
. Second, by providing the empirically developed MM for SICs, we exemplarily present the 

concept of equifinality in an ICMM by identifying 21 different configurations of low, medium, and high IC 
maturity and contribute to practice by offering a company the possibility to choose its own, best suiting 
path to high maturity. Thereby we describe the advantages of configurational approaches for the 
development of MMs and how the combination of quantitative and qualitative analysis methods of fsQCA 
can benefit future MMs. This equifinality-based assessment approach addresses the call for better and 
theoretically grounded MMs that will lead to higher applicability (Andersen et al., 2020; Felch et al., 2019), 
as our findings specifically address the requirements of a particular class of entities, thereby making them 
more relevant for practice. 

Like every research project, our approach has limitations. Due to the theoretical focus, the research 
approach lacks practical depth at some points, especially in the description of the methodological 
application of configurational theory. However, this is explained by the method itself as it strongly relies in 
its application on the researcher’s knowledge, perception, and the case-specific background. Therefore, 
the description of the fs/QCA application on our dataset may be subject to a personal bias and could be 
interpreted differently by researchers or practitioners from different fields.  

Furthermore, as explained in 3.6.2 and given the freedom of choice of the researcher, a different 
calibration of the dataset is possible, resulting in different solutions. For example, Ragin (2000) 
recommends a frequency cut-off of about 10% for the entire sample. However, given the nature of an MM 
and our data sample, in which only a few companies have already reached the highest level of maturity, 
we had to adjust these frequency cut-offs in order to reflect a meaningful representation of the target 
group's database. Nevertheless, the calibration of the underlying dataset will always remain challenging 
and dependent on the knowledge of the researcher. Therefore, while we follow recommendations and 
established practices (e.g., Pappas & Woodside, 2021; Rihoux & Ragin, 2009; Schneider & Wagemann, 
2012; Mattke et al., 2021), we calibrated values based on our own reasoning about the characteristics of 
the underlying entity class. Because we chose an existing database, we were bound by the scales and 
variables used. We adjusted the calibration anchors according to our knowledge and characteristics of the 
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 This study, however, should not be understood as a tutorial piece on how to apply fsQCA in detail. The reader is referred to the 
work of Pappas & Woodside (2021), Pappas & Bley (2023), Mattke et al. (2022), or Schneider & Wagemann (2010) for more detailed 
tutorials on how to conduct, run, and analyze fsQCA. 
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SICs, but these decisions may be biased – especially in light of the existing discussion in the (fs)QCA 
literature about the sensitivity and robustness of the results. 

Another limitation of this study is the underlying dataset and its implication for the resulting maturity 
configurations. Although we focus on small companies, the investigated class of companies contains all 
sizes with less than 50 employees, which is why the implications for companies with fewer employees, 
i.e., micro-enterprises, could differ from the derived results. Our results – especially the solution coverage 
of 0.231 to 0.346 for the maturity levels – show that there are other factors, that might influence the IC of 
the companies investigated. However, the freedom of choice for the MM allows for such results, as long 
as the researcher can justify the selection and is aware of these restrictions. 

Like Graeubig & Bley (2023), who present a further instantiation of this MM development approach for the 
domain of IC, future research should focus on the instantiation of fsQCA-based MMs in different domains 
as well as different entity classes. Whereas the method on how to develop a configurational MM is 
rigorous and consistent since the relational dependencies within the methodological constructs do not 
change; the MM as its instantiation needs to remain flexible and should be able to adapt to changes in the 
environment in which it is applied. Therefore, the proposed development approach for MMs can also be 
applied in any other domain than IC (e.g., IT, Business Processes), providing future developers of 
configurational MMs the possibility to follow the here proposed design and adapt it to any domain of 
interest. 



Communications of the Association for Information Systems  

 

  Accepted Manuscript 

 

References 

Akman, G., & Yilmaz, C. (2008). Innovative Capability, Innovation Strategy and Market Orientation: An 
Empirical Analysis in Turkish Software Industry. International Journal of Innovation Management, 
12(01), 69–111. https://doi.org/10.1142/S1363919608001923 

Andersen, K., Lee, J., Mettler, T., & Moon, M. J. (2020). Ten Misunderstandings about Maturity Models. 
The 21st Annual International Conference on Digital Government Research, 261–266. 
https://doi.org/10.1145/3396956.3396980 

Bannister, F. (2007). The curse of the benchmark: An assessment of the validity and value of e-
government comparisons. International Review of Administrative Sciences, 73(2), 171–188. 
https://doi.org/10.1177/0020852307077959 

Becker, J., Knackstedt, R., & Poeppelbuß, J. (2009). Developing maturity models for IT management. 
Business & Information Systems Engineering, 1(3), 213–222. 

Becker, W., & Schmid, O. (2020). The right digital strategy for your business: An empirical analysis of the 
design and implementation of digital strategies in SMEs and LSEs. Business Research. 
https://doi.org/10.1007/s40685-020-00124-y 

Bidan, M., Rowe, F., & Truex, D. (2012). An empirical study of IS architectures in French SMEs: 
Integration approaches. European Journal of Information Systems, 21(3), 287–302. 
https://doi.org/10.1057/ejis.2012.12 

Bley, K., Pappas, I. O., & Strahringer, S. (2021). Innovation Capability in Small Industrial Companies—A 
Set Theoretic Approach to Maturity Models. ECIS 2021 Research Papers. 69, 19. 

Bley, K., Schön, H., & Strahringer, S. (2020). Overcoming the Ivory Tower: A Meta Model for Staged 
Maturity Models. In M. Hattingh, M. Matthee, H. Smuts, I. Pappas, Y. K. Dwivedi, & M. Mäntymäki 
(Eds.), Responsible Design, Implementation and Use of Information and Communication 
Technology (pp. 337–349). Springer International Publishing. 

Boly, V., Morel, L., Assielou, N. G., & Camargo, M. (2014). Evaluating innovative processes in french 
firms: Methodological proposition for firm innovation capacity evaluation. Research Policy, 43(3), 
608–622. https://doi.org/10.1016/j.respol.2013.09.005 

Branzei, O., & Vertinsky, I. (2006). Strategic pathways to product innovation capabilities in SMEs. Journal 
of Business Venturing, 21(1), 75–105. https://doi.org/10.1016/j.jbusvent.2004.10.002 

Çakar, N. D., & Ertürk, A. (2010). Comparing Innovation Capability of Small and Medium-Sized 
Enterprises: Examining the Effects of Organizational Culture and Empowerment. Journal of Small 
Business Management, 48(3), 325–359. https://doi.org/10.1111/j.1540-627X.2010.00297.x 

Calantone, R. J., Cavusgil, S. T., & Zhao, Y. (2002). Learning orientation, firm innovation capability, and 
firm performance. Industrial Marketing Management, 31(6), 515–524. 
https://doi.org/10.1016/S0019-8501(01)00203-6 

Camps, S., & Marques, P. (2014). Exploring how social capital facilitates innovation: The role of 
innovation enablers. Technological Forecasting and Social Change, 88, 325–348. 
https://doi.org/10.1016/j.techfore.2013.10.008 

Chang, W.-J., Liao, S.-H., & Wu, T.-T. (2017). Relationships among organizational culture, knowledge 
sharing, and innovation capability: A case of the automobile industry in Taiwan. Knowledge 
Management Research & Practice, 15(3), 471–490. https://doi.org/10.1057/s41275-016-0042-6 

Chen, C., Huang, J., & Hsiao, Y. (2010). Knowledge management and innovativeness: The role of 
organizational climate and structure. International Journal of Manpower, 31(8), 848–870. 
https://doi.org/10.1108/01437721011088548 

Cooper, B., & Glaesser, J. (2016a). Analysing necessity and sufficiency with Qualitative Comparative 
Analysis: How do results vary as case weights change? Quality & Quantity, 50(1), 327–346. 
https://doi.org/10.1007/s11135-014-0151-3 



 
A Configurational Approach to Maturity Model Development – Using fsQCA to Build a Multiple-Pathway 

Maturity Model 

 

  Accepted Manuscript 

 

Cooper, B., & Glaesser, J. (2016b). Exploring the robustness of set theoretic findings from a large n 
fsQCA: An illustration from the sociology of education. International Journal of Social Research 
Methodology, 19(4), 445–459. https://doi.org/10.1080/13645579.2015.1033799 

Corsi, P., & Neau, E. (2015). Innovation Capability Maturity Model. John Wiley & Sons, Inc. 
https://doi.org/10.1002/9781119144335 

Costa, R. V., Fernández-Jardon Fernández, C., & Figueroa Dorrego, P. (2014). Critical elements for 
product innovation at Portuguese innovative SMEs: An intellectual capital perspective. Knowledge 
Management Research & Practice, 12(3), 322–338. https://doi.org/10.1057/kmrp.2014.15 

Coursey, D., & Norris, D. F. (2008). Models of E-Government: Are They Correct? An Empirical 
Assessment. Public Administration Review, 68(3), 523–536. https://doi.org/10.1111/j.1540-
6210.2008.00888.x 

Dadfar, H., Dahlgaard, J. J., Brege, S., & Alamirhoor, A. (2013). Linkage between organisational 
innovation capability, product platform development and performance. Total Quality Management 
& Business Excellence, 24(7–8), 819–834. https://doi.org/10.1080/14783363.2013.791102 

De Bruin, T., Freeze, R., Kaulkarni, U., & Rosemann, M. (2005). Understanding the Main Phases of 
Developing a Maturity Assessment Model. 16th Australasian Conference on Information Systems 
(ACIS). 

De Martino, M., & Magnotti, F. (2018). The innovation capacity of small food firms in Italy. European 
Journal of Innovation Management, 21(3), 362–383. https://doi.org/10.1108/EJIM-04-2017-0041 

Delgado‐ Verde, M., Martín‐ de Castro, G., & Emilio Navas‐ López, J. (2011). Organizational 

knowledge assets and innovation capability: Evidence from Spanish manufacturing firms. Journal 
of Intellectual Capital, 12(1), 5–19. https://doi.org/10.1108/14691931111097890 

Doss, D., Tesiero, R. C., Gokaraju, B., McElreath, D., & Goza, R. (2017). Proposed Derivation of the 
Integrated Capability Maturity Model as an Environmental Management Maturity Model. Energy 
and Environmental Engineering, 5(3), 67–73. https://doi.org/10.13189/EEE.2017.050302 

Dul, J. (2016). Necessary Condition Analysis (NCA): Logic and Methodology of “Necessary but Not 
Sufficient” Causality. Organizational Research Methods, 19(1), 10–52. 
https://doi.org/10.1177/1094428115584005 

Dul, J. (2019). Conducting necessary condition analysis: For business and management students (1st 
edition). SAGE Publications. 

Dul, J. (2020). Necessary Condition Analysis (NCA) with R (Version 3.0.3): A Quick Start Guide (SSRN 
Scholarly Paper ID 2624981). Social Science Research Network. 
https://papers.ssrn.com/abstract=2624981 

Dunlap, D., McDonough, E. F., Mudambi, R., & Swift, T. (2016). Making Up Is Hard to Do: Knowledge 
Acquisition Strategies and the Nature of New Product Innovation. Journal of Product Innovation 
Management, 33(4), 472–491. https://doi.org/10.1111/jpim.12298 

El Sawy, O. A., Malhotra, A., YoungKi Park, & Pavlou, P. A. (2010). Seeking the Configurations of Digital 
Ecodynamics: It Takes Three to Tango. Information Systems Research, 21(4), 835–848. 
https://doi.org/10.1287/isre.1100.0326 

Eleutério Delesposte, J., De Oliveira Vale Coutinho, M., Baptista Narcizo, R., Cardoso, R., & Lopes da 
Silva, C. E. (2019). The Brazilian Innovation Award: Analysis of assessment instrument validity 
and reliability. Brazilian Journal of Operations & Production Management, 16(2), 201–212. 
https://doi.org/10.14488/BJOPM.2019.v16.n2.a4 

Enkel, E., Bell, J., & Hogenkamp, H. (2011). OPEN INNOVATION MATURITY FRAMEWORK. 
International Journal of Innovation Management, 15(06), 1161–1189. 
https://doi.org/10.1142/S1363919611003696Felch, V., & Asdecker, B. (2020). Quo Vadis, 
Business Process Maturity Model? Learning from the Past to Envision the Future. In D. Fahland, 
C. Ghidini, J. Becker, & M. Dumas (Eds.), Business Process Management (Vol. 12168, pp. 368–
383). Springer International Publishing. https://doi.org/10.1007/978-3-030-58666-9_21 



Communications of the Association for Information Systems  

 

  Accepted Manuscript 

 

Felch, V., and Asdecker, B. (2022). Back to the Roots – Investigating the Theoretical Foundations of 
Business Process Maturity Models. In C. Di Ciccio, R. Dijkman, A. del Río Ortega, and S. 
Rinderle-Ma (Eds.), Business Process Management, Lecture Notes in Computer Science. 109–
124. Springer International Publishing, https://doi.org/10.1007/978-3-031-16103-2_10. 

Felch, V., Asdecker, B., & Sucky, E. (2019). Maturity Models in the Age of Industry 4.0 – Do the Available 
Models Correspond to the Needs of Business Practice? Proceedings of the 52nd Hawaii 
International Conference on System Sciences (HICSS), 5165–5174. 

Fiss, P. C. (2007). A set-theoretic approach to organizational configurations. Academy of Management 
Review, 32(4), 1180–1198. https://doi.org/10.5465/amr.2007.26586092 

Fiss, P. C. (2011). Building Better Causal Theories: A Fuzzy Set Approach to Typologies in Organization 
Research. Academy of Management Journal, 54(2), 393–420. 

Fiss, P. C., Marx, A., & Cambré, B. (2013). Chapter 1 Configurational Theory and Methods in 
Organizational Research: Introduction. In P. C. Fiss, B. Cambré, & A. Marx (Eds.), Research in 
the Sociology of Organizations (Vol. 38, pp. 1–22). Emerald Group Publishing Limited. 
https://doi.org/10.1108/S0733-558X(2013)0000038005 

Fraser, P., Moultrie, J., & Gregory, M. (2002). The use of maturity models/grids as a tool in assessing 
product development capability. IEEE International Engineering Management Conference. IEEE 
International Engineering Management Conference. https://doi.org/10.1109/IEMC.2002.1038431 

Ganzaroli, A., De Noni, I., Orsi, L., & Belussi, F. (2016). The combined effect of technological relatedness 
and knowledge utilization on explorative and exploitative invention performance post-M&A. 
European Journal of Innovation Management, 19(2), 167–188. Scopus. 
https://doi.org/10.1108/EJIM-08-2014-0092 

Gigerenzer, G., & Brighton, H. (2009). Homo Heuristicus: Why Biased Minds Make Better Inferences. 
Topics in Cognitive Science, 1(1), 107–143. https://doi.org/10.1111/j.1756-8765.2008.01006.x 

Gollhardt, T., Halsbenning, S., Hermann, A., Karsakova, A., and Becker, J. 2020. “Development of a 
Digital Transformation Maturity Model for IT Companies,” in 2020 IEEE 22nd Conference on 
Business Informatics (CBI), Antwerp, Belgium: IEEE, June, pp. 94–103. 
(https://doi.org/10.1109/CBI49978.2020.00018). 

Graeubig, D. M., & Bley, K. (2023). A Configurational Set-Theoretic Approach to an Innovation Capability 
Maturity Model. AMCIS 2023 Proceedings. 13. 
https://aisel.aisnet.org/amcis2023/sig_scuidt/sig_scuidt/13 

Greckhamer, T., Furnari, S., Fiss, P. C., & Aguilera, R. V. (2018). Studying configurations with qualitative 
comparative analysis: Best practices in strategy and organization research. Strategic 
Organization, 16(4), 482–495. https://doi.org/10.1177/1476127018786487 

Hervas‐Oliver, J.-L., Boronat‐Moll, C., & Sempere‐Ripoll, F. (2016). On Process Innovation Capabilities in 
SMEs: A Taxonomy of Process-Oriented Innovative SMEs. Journal of Small Business 
Management, 54(S1), 113–134. https://doi.org/10.1111/jsbm.12293 

Huhtala, J.-P., Sihvonen, A., Frösén, J., Jaakkola, M., & Tikkanen, H. (2014). Market orientation, 
innovation capability and business performance: Insights from the global financial crisis. Baltic 
Journal of Management, 9(2), 134–152. https://doi.org/10.1108/BJM-03-2013-0044 

Iannacci, F., & Cornford, T. (2018). Unravelling causal and temporal influences underpinning monitoring 
systems success: A typological approach. Information Systems Journal, 28(2), 384-407. 

Ilori, A. B., Lawal, A., & Simeon-Oke, O. O. (2017). Innovations and innovation capability in palm kernel 
processing industry in southwestern Nigeria. International Journal of Innovation Science, 9(1), 
102–114. https://doi.org/10.1108/IJIS-10-2016-0045 

Jones, J., & Corral de Zubielqui, G. (2017). Doing well by doing good: A study of university-industry 
interactions, innovationess and firm performance in sustainability-oriented Australian SMEs. 
Technological Forecasting and Social Change, 123, 262–270. 
https://doi.org/10.1016/j.techfore.2016.07.036 



 
A Configurational Approach to Maturity Model Development – Using fsQCA to Build a Multiple-Pathway 

Maturity Model 

 

  Accepted Manuscript 

 

Jørgensen, F., & Ulhøi, J. P. (2010). Enhancing Innovation Capacity in SMEs through Early Network 
Relationships: ENHANCING INNOVATION CAPACITY IN SMEs. Creativity and Innovation 
Management, 19(4), 397–404. https://doi.org/10.1111/j.1467-8691.2010.00577.x 

Kallio, A., Kujansivu, P., & Parjanen, S. (2012). Locating the Weak Points of Innovation Capability before 
Launching a Development Project. Interdisciplinary Journal of Information, Knowledge, and 
Management, 7, 021–038. https://doi.org/10.28945/1563 

Keskin, H. (2006). Market orientation, learning orientation, and innovation capabilities in SMEs: An 
extended model. European Journal of Innovation Management, 9(4), 396–417. 
https://doi.org/10.1108/14601060610707849 

Kim, J., & Choi, S. O. (2020). A Comparative Analysis of Corporate R&D Capability and Innovation: 
Focused on the Korean Manufacturing Industry. Journal of Open Innovation: Technology, Market, 
and Complexity, 6(4), 100. https://doi.org/10.3390/joitmc6040100 

Kim, M.-K., Park, J.-H., & Paik, J.-H. (2018). Factors influencing innovation capability of small and 
medium-sized enterprises in Korean manufacturing sector: Facilitators, barriers and moderators. 
International Journal of Technology Management, 76(3–4), 214–235. 
https://doi.org/10.1504/IJTM.2018.091286 

King, J. L., & Kraemer, K. L. (1984). Evolution and organizational information systems: An assessment of 
Nolan’s stage model. Communications of the ACM, 27(5), 466–475. 

Klötzer, C., & Pflaum, A. (2017). Toward the Development of a Maturity Model for Digitalization within the 
Manufacturing Industry’s Supply Chain. Proceedings of the 50th Hawaii International Conference 
on System Sciences, 4210–4219. 

Koc, T., & Ceylan, C. (2007). Factors impacting the innovative capacity in large-scale companies. 
Technovation, 27(3), 105–114. https://doi.org/10.1016/j.technovation.2005.10.002 

Kvist, J. (2006). Measuring the Welfare State–Concepts, Ideal Types and Fuzzy Sets in Comparative 
Studies. COMPASSS Working Papers, 2006(40). 
http://www.compasss.org/wpseries/Kvist2006.pdf 

Kyrgidou, L. P., & Spyropoulou, S. (2013). Drivers and Performance Outcomes of Innovativeness: An 
Empirical Study. British Journal of Management, 24(3), 281–298. https://doi.org/10.1111/j.1467-
8551.2011.00803.x 

Lahrmann, G., & Marx, F. (2010). Systematization of Maturity Model Extensions. In R. Winter, J. L. Zhao, 
& S. Aier (Eds.), Global Perspectives on Design Science Research (Vol. 6105, pp. 522–525). 
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-13335-0_36 

Lahrmann, G., Marx, F., Mettler, T., Winter, R., & Wortmann, F. (2011). Inductive Design of Maturity 
Models: Applying the Rasch Algorithm for Design Science Research. Lecture Notes in Computer 
Science, 6629 LNCS(2009), 176–191. https://doi.org/10.1007/978-3-642-20633-7_13 

Lai, W.-H., Lin, C.-C., & Wang, T.-C. (2015). Exploring the interoperability of innovation capability and 
corporate sustainability. Journal of Business Research, 68(4), 867–871. 
https://doi.org/10.1016/j.jbusres.2014.11.043 

Landoni, P., Dell’Era, C., Ferraloro, G., Peradotto, M., Karlsson, H., & Verganti, R. (2016). Design 
Contribution to the Competitive Performance of SMEs: The Role of Design Innovation 
Capabilities. Creativity and Innovation Management, 25(4), 484–499. 
https://doi.org/10.1111/caim.12165 

Lasrado, L., Vatrapu, R., & Andersen, K. (2015). Maturity Models Development in IS Research: A 
Literature Review. Proceedings of the 38th Information Systems Research Seminar in 
Scandinavia (IRIS 38). https://doi.org/10.13140/RG.2.1.3046.3209 

Lasrado, L., Vatrapu, R., & Andersen, K. (2016). A Set Theoretical Approach to Maturity Models: 
Guidelines and Demonstration. Proceedings of the 37th International Conference on Information 
Systems. ICIS. International Conference on Information Systems, Dublin. 



Communications of the Association for Information Systems  

 

  Accepted Manuscript 

 

Lawson, B., & Samson, D. (2001). Developing Innovation Capability in Organisations: A Dynamic 
Capabilities Approach. International Journal of Innovation Management, 05(03), 377–400. 
https://doi.org/10.1142/S1363919601000427 

Lemon, M., & Sahota, P. S. (2004). Organizational culture as a knowledge repository for increased 
innovative capacity. Technovation, 24(6), 483–498. https://doi.org/10.1016/S0166-
4972(02)00102-5 

Liao, S., Fei, W.-C., & Chen, C.-C. (2007). Knowledge sharing, absorptive capacity, and innovation 
capability: An empirical study of Taiwan’s knowledge-intensive industries. Journal of Information 
Science, 33(3), 340–359. https://doi.org/10.1177/0165551506070739 

Lin, H. (2007). Knowledge sharing and firm innovation capability: An empirical study. International Journal 
of Manpower, 28(3/4), 315–332. https://doi.org/10.1108/01437720710755272 

Lin, R., Chen, R., & Kuan‐Shun Chiu, K. (2010). Customer relationship management and innovation 

capability: An empirical study. Industrial Management & Data Systems, 110(1), 111–133. 
https://doi.org/10.1108/02635571011008434 

Lisboa, A., Skarmeas, D., & Lages, C. (2011). Innovative capabilities: Their drivers and effects on current 
and future performance. Journal of Business Research, 64(11), 1157–1161. 
https://doi.org/10.1016/j.jbusres.2011.06.015 

Liu, S. (2009). Determinants of service innovative dimensions in Knowledge Intensive Business Services: 
Evidence from PR China. International Journal of Technology Management, 48(1), 95–114. 
https://doi.org/10.1504/IJTM.2009.024602 

Liu, X., Huang, Q., Dou, J., & Zhao, X. (2017). The impact of informal social interaction on innovation 
capability in the context of buyer-supplier dyads. Journal of Business Research, 78, 314–322. 

Liu, X., Shou, Y., & Xie, Y. (2013). The role of intermediary organizations in enhancing the innovation 
capability of MSMEs: Evidence from a Chinese case. Asian Journal of Technology Innovation, 
21(2), 50–61. https://doi.org/10.1080/19761597.2013.819246 

Luftman, J. (2000). Assessing Business-IT Alignment Maturity. Communications of the Association for 
Information Systems:, 4, 52. 

Maier, C., Laumer, S., Joseph, D., Mattke, J., & Weitzel, T. (2021). Turnback Intention: An Analysis of the 
Drivers of IT Professionals’ Intentions to Return to a Former Employer. Management Information 
Systems Quarterly, 45(4), 1777–1806. 

Mattke, J., Maier, C., Weitzel, T., Gerow, J., & Thatcher, J. (2022). Qualitative Comparative Analysis 
(QCA) In Information Systems Research: Status Quo, Guidelines, and Future Directions. 
Communications of the Association for Information Systems, 50(1). 
https://doi.org/10.17705/1CAIS.05008 

Mattke, J., Maier, C., Weitzel, T., & Thatcher, J. B. (2021). Qualitative comparative analysis in the 
information systems discipline: A literature review and methodological recommendations. Internet 
Research, 31(5), 1493–1517. https://doi.org/10.1108/INTR-09-2020-0529 

McCormack, K., Willems, J., van den Bergh, J., Deschoolmeester, D., Willaert, P., Indihar Štemberger, M., 
Škrinjar, R., Trkman, P., Bronzo Ladeira, M., Paulo Valadares de Oliveira, M., Bosilj Vuksic, V., & 
Vlahovic, N. (2009). A global investigation of key turning points in business process maturity. 
Business Process Management Journal, 15(5), 792–815. 
https://doi.org/10.1108/14637150910987946 

McKelvey, M., & Ljungberg, D. (2017). How public policy can stimulate the capabilities of firms to innovate 
in a traditional industry through academic engagement: The case of the Swedish food industry. 
R&D Management, 47(4), 534–544. https://doi.org/10.1111/radm.12224 

Mendoza-Silva, A. (2021). Innovation capability: A systematic literature review. European Journal of 
Innovation Management, 24(3), 707–734. https://doi.org/10.1108/EJIM-09-2019-0263 

Mettler, T. (2010). Thinking in Terms of Design Decisions When Developing Maturity Models: International 
Journal of Strategic Decision Sciences, 1(4), 76–87. https://doi.org/10.4018/jsds.2010100105 



 
A Configurational Approach to Maturity Model Development – Using fsQCA to Build a Multiple-Pathway 

Maturity Model 

 

  Accepted Manuscript 

 

Meyer, A. D., Tsui, A. S., & Hinings, C. R. (1993). Configurational Approaches to Organizational Analysis. 
The Academy of Management Journal, 36(6), 1175–1195. JSTOR. https://doi.org/10.2307/256809 

Naranjo Valencia, J. C., Sanz Valle, R., & Jiménez Jiménez, D. (2010). Organizational culture as 
determinant of product innovation. European Journal of Innovation Management, 13(4), 466–480. 
https://doi.org/10.1108/14601061011086294 

Narcizo, R. B., Canen, A. G., & Tammela, I. (2018). A Framework for Innovation Capability Performance 
Assessment in Brazilian Low-Tech Small Business. Proceedings of the 14th International 
Conference on Industrial Logistics. International Conference on Industrial Logistics, Beer-Sheva, 
Israel. 

Narcizo, R., Gabbay Canen, A., Tammela, I., Cardoso, R., & Eleutério Delesposte, J. (2019). Innovation 
capability maturity in non-R&D performers: A reference model. Brazilian Journal of Operations & 
Production Management, 16(2), 213–226. https://doi.org/10.14488/BJOPM.2019.v16.n2.a5 

Ngo, L. V., & O’Cass, A. (2013). Innovation and business success: The mediating role of customer 
participation. Journal of Business Research, 66(8), 1134–1142. 
https://doi.org/10.1016/j.jbusres.2012.03.009 

O’Cass, A., & Sok, P. (2014). The role of intellectual resources, product innovation capability, reputational 
resources and marketing capability combinations in firm growth. International Small Business 
Journal: Researching Entrepreneurship, 32(8), 996–1018. 
https://doi.org/10.1177/0266242613480225 

OECD & Eurostat. (2005). Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data, 3rd 
Edition. OECD Publishing. https://doi.org/10.1787/9789264013100-en 

OECD & Eurostat. (2019). Oslo Manual 2018: Guidelines for Collecting, Reporting and Using Data on 
Innovation, 4th Edition. OECD Publishing. https://doi.org/10.1787/9789264304604-en 

Oura, M. M., Zilber, S. N., & Lopes, E. L. (2016). Innovation capacity, international experience and export 
performance of SMEs in Brazil. International Business Review, 25(4), 921–932. 
https://doi.org/10.1016/j.ibusrev.2015.12.002 

Panayides, P. (2006). Enhancing innovation capability through relationship management and implications 
for performance. European Journal of Innovation Management, 9(4), 466–483. 
https://doi.org/10.1108/14601060610707876 

Pappas, I. O., & Bley, K. (2023) Fuzzy-set qualitative comparative analysis: Introduction to a 
configurational approach. In P. Foroudi, & C. Dennis (Eds), Researching and Analysing 
Business (pp. 362-376). Routledge. 

Pappas, I. O., Mikalef, P., Giannakos, M. N., Krogstie, J., & Lekakos, G. (2018). Big data and business 
analytics ecosystems: Paving the way towards digital transformation and sustainable societies. 
Information Systems and E-Business Management, 16(3), 479–491. 
https://doi.org/10.1007/s10257-018-0377-z 

Pappas, I. O., & Woodside, A. G. (2021). Fuzzy-set Qualitative Comparative Analysis (fsQCA): Guidelines 
for research practice in Information Systems and marketing. International Journal of Information 
Management, 58. https://doi.org/10.1016/j.ijinfomgt.2021.102310 

Park, Y., Fiss, P. C., & El Sawy, O. A. (2020). Theorizing the Multiplicity of Digital Phenomena: The 
Ecology of Configurations, Causal Recipes, and Guidelines for Applying QCA. MIS Quarterly, 
44(4), 1493–1520. https://doi.org/10.25300/MISQ/2020/13879 

Park, Y., & Mithas, S. (2020). Organized Complexity of Digital Business Strategy: A Configurational 
Perspective. MIS Quarterly, 44(1), 85–127. https://doi.org/10.25300/MISQ/2020/14477 

Perdomo-Ortiz, J., González-Benito, J., & Galende, J. (2006). Total quality management as a forerunner 
of business innovation capability. Technovation, 26(10), 1170–1185. 
https://doi.org/10.1016/j.technovation.2005.09.008 

Pereira, R., & Serrano, J. (2020). A review of methods used on IT maturity models development: A 
systematic literature review and a critical analysis. Journal of Information Technology, 35(2), 161–
178. https://doi.org/10.1177/0268396219886874 



Communications of the Association for Information Systems  

 

  Accepted Manuscript 

 

Peters, B., & Rammer, C. (2013). Innovation panel surveys in Germany. In F. Gault (Ed.), Handbook of 
Innovation Indicators and Measurement. Edward Elgar Publishing. 
https://doi.org/10.4337/9780857933652 

Plattfaut, R., Niehaves, B., Poeppelbuß, J., & Becker, J. (2011). Development of BPM Capabilities–Is 
Maturity the Right Path? ECIS 2011 Proceedings, Paper 27. http://aisel.aisnet.org/ecis2011/27/ 

Plewa, C., Ho, J., Conduit, J., & Karpen, I. O. (2016). Reputation in higher education: A fuzzy set analysis 
of resource configurations. Journal of Business Research, 69(8), 3087–3095. 
https://doi.org/10.1016/j.jbusres.2016.01.024 

Podrug, N., Filipović, D., & Kovač, M. (2017). Knowledge sharing and firm innovation capability in Croatian 
ICT companies. International Journal of Manpower, 38(4), 632–644. https://doi.org/10.1108/IJM-
04-2016-0077 

Poeppelbuss, J., Niehaves, B., Simons, A., & Becker, J. (2011). Maturity models in information systems 
research: Literature search and analysis. Communications of the Association for Information 
Systems, 29(1). http://aisel.aisnet.org/cais/vol29/iss1/27 

Poeppelbuss, J., Plattfaut, R., & Niehaves, B. (2015). How Do We Progress? An Exploration of Alternate 
Explanations for BPM Capability Development. Communications of the Association for Information 
Systems, 36. https://doi.org/10.17705/1CAIS.03601 

Poeppelbuss, J., & Roeglinger, M. (2011). What makes a useful maturity model? A framework of general 
design principles for maturity models and its demonstration in business process management. 
ECIS 2011 Proceedings. http://aisel.aisnet.org/ecis2011/28/ 

Porter, M. E., & Heppelmann, J. E. (2014, November 1). How Smart, Connected Products Are 
Transforming Competition. Harvard Business Review, November 2014. 
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition 

Prajogo, D. I., & Ahmed, P. K. (2006). Relationships between innovation stimulus, innovation capacity, 
and innovation performance. R&D Management, 36(5), 499–515. https://doi.org/10.1111/j.1467-
9310.2006.00450.x 

Proença, D., & Borbinha, J. (2016). Maturity Models for Information Systems—A State of the Art. Procedia 
Computer Science, 100, 1042–1049. https://doi.org/10.1016/j.procs.2016.09.279 

Pullen, A., Weerd‐Nederhof, P. D., Groen, A., Song, M., & Fisscher, O. (2009). Successful Patterns of 
Internal SME Characteristics Leading to High Overall Innovation Performance. Creativity and 
Innovation Management, 18(3), 209–223. https://doi.org/10.1111/j.1467-8691.2009.00530.x 

Quintana-García, C., & Benavides-Velasco, C. A. (2016). Gender Diversity in Top Management Teams 
and Innovation Capabilities: The Initial Public Offerings of Biotechnology Firms. Long Range 
Planning, 49(4), 507–518. https://doi.org/10.1016/j.lrp.2015.08.005 

Ragin, C. C. (2006). Set Relations in Social Research: Evaluating Their Consistency and Coverage. 
Political Analysis, 14(3), 291–310. https://doi.org/10.1093/pan/mpj019 

Ragin, C. C. (2008). Redesigning Social Inquiry. University of Chicago Press. 

Ragin, C. C. (2014). The comparative method: Moving beyond qualitative and quantitative strategies: with 
a new introduction. University of California Press. 

Ragin, C. C. (2018). User’s Guide to Fuzzy-Set/Qualitative Comparative Analysis 3.0. Department of 
Sociology, University of California. 

Ragin, C. C., & Fiss, P. C. (2008). Net Effects Analysis Versus Configurational Analysis: An Empirical 
Demonstration Coauthored with Peter Fiss. In Redesigning Social Inquiry: Fuzzy Sets and 
Beyond (pp. 190–212). University of Chicago Press. 

Rahman, M. N. A., Doroodian, M., Kamarulzaman, Y., & Muhamad, N. (2015). Designing and Validating a 
Model for Measuring Sustainability of Overall Innovation Capability of Small and Medium-Sized 
Enterprises. Sustainability, 7(1), Article 1. https://doi.org/10.3390/su7010537 



 
A Configurational Approach to Maturity Model Development – Using fsQCA to Build a Multiple-Pathway 

Maturity Model 

 

  Accepted Manuscript 

 

Rhee, J., Park, T., & Lee, D. H. (2010). Drivers of innovativeness and performance for innovative SMEs in 
South Korea: Mediation of learning orientation. Technovation, 30(1), 65–75. 
https://doi.org/10.1016/j.technovation.2009.04.008 

Rihoux, B., & Ragin, C. C. (2009). Configurational Comparative Methods: Qualitative Comparative 
Analysis (qca) and Related Techniques. SAGE Publications. 

Romijn, H., & Albaladejo, M. (2002). Determinants of innovation capability in small electronics and 
software firms in southeast England. Research Policy, 31(7), 1053–1067. 
https://doi.org/10.1016/S0048-7333(01)00176-7 

Rupietta, C., & Backes-Gellner, U. (2019). Combining knowledge stock and knowledge flow to generate 
superior incremental innovation performance—Evidence from Swiss manufacturing. Journal of 
Business Research, 94, 209–222. https://doi.org/10.1016/j.jbusres.2017.04.003 

Rush, H., Bessant, J., & Hobday, M. (2007). Assessing the technological capabilities of firms: Developing 
a policy tool. R&D Management, 37(3), 221–236. https://doi.org/10.1111/j.1467-
9310.2007.00471.x 

Ryan, P., Geoghegan, W., & Hilliard, R. (2018). The microfoundations of firms’ explorative innovation 
capabilities within the triple helix framework. Technovation, 76–77, 15–27. 
https://doi.org/10.1016/j.technovation.2018.02.016 

Sáenz, J., Aramburu, N., & Blanco, C. E. (2012). Knowledge sharing and innovation in Spanish and 

Colombian high ‐ tech firms. Journal of Knowledge Management, 16(6), 919–933. 

https://doi.org/10.1108/13673271211276191 

Sáenz, J., Aramburu, N., & Rivera, O. (2009). Knowledge sharing and innovation performance: A 

comparison between high‐tech and low‐tech companies. Journal of Intellectual Capital, 10(1), 

22–36. https://doi.org/10.1108/14691930910922879 

Saenz, J., & Pérez-Bouvier, A. (2014). Interaction with external agents, innovation networks, and 
innovation capability: The case of Uruguayan software firms. Journal of Knowledge Management, 
18(2), 447–468. https://doi.org/10.1108/JKM-04-2013-0150 

Sanchez-Puchol, F., & Pastor-Collado, J. A. (2017). Focus Area Maturity Models: A Comparative Review. 
Information Systems, 531–544. https://doi.org/10.1007/978-3-319-65930-5_42 

Saunila, M. (2016). Performance measurement approach for innovation capability in SMEs. International 
Journal of Productivity and Performance Management, 65(2), 162–176. 
https://doi.org/10.1108/IJPPM-08-2014-0123 

Saunila, M. (2017). Innovation capability in achieving higher performance: Perspectives of management 
and employees. Technology Analysis & Strategic Management, 29(8), 903–916. 
https://doi.org/10.1080/09537325.2016.1259469 

Saunila, M. (2020). Innovation capability in SMEs: A systematic review of the literature. Journal of 
Innovation & Knowledge, 5(4), 260–265. https://doi.org/10.1016/j.jik.2019.11.002 

Saunila, M., & Ukko, J. (2012). A conceptual framework for the measurement of innovation capability and 
its effects. Baltic Journal of Management, 7(4), 355–375. 
https://doi.org/10.1108/17465261211272139 

Saunila, M., & Ukko, J. (2014). Intangible aspects of innovation capability in SMEs: Impacts of size and 
industry. Journal of Engineering and Technology Management, 33, 32–46. 
https://doi.org/10.1016/j.jengtecman.2014.02.002 

Schneider, C. Q., & Wagemann, C. (2010). Standards of Good Practice in Qualitative Comparative 
Analysis (QCA) and Fuzzy-Sets. Comparative Sociology, 9(3), 397–418. 
https://doi.org/10.1163/156913210X12493538729793 

Schneider, C. Q., & Wagemann, C. (2012). Set-theoretic methods for the social sciences: A guide to 
qualitative comparative analysis. Cambridge University Press. 



Communications of the Association for Information Systems  

 

  Accepted Manuscript 

 

Sher, P. J., & Yang, P. Y. (2005). The effects of innovative capabilities and R&D clustering on firm 
performance: The evidence of Taiwan’s semiconductor industry. Technovation, 25(1), 33–43. 
https://doi.org/10.1016/S0166-4972(03)00068-3 

Singh, H., Das, A., & Joseph, D. (2007). Country-Level Determinants of E-Government Maturity. 
Communications of the Association for Information Systems, 20. 
https://doi.org/10.17705/1CAIS.02040 

Smith, M., Busi, M., Ball, P., & Van Der Meer, R. (2008). Factors influencing an organisation’s ability to 
manage innovation: A structured literature review and conceptual model. International Journal of 
Innovation Management, 12(04), 655–676. https://doi.org/10.1142/S1363919608002138 

Solli-Sæther, H., & Gottschalk, P. (2010). The Modeling Process for Stage Models. Journal of 
Organizational Computing and Electronic Commerce, 20(3), 279–293. 
https://doi.org/10.1080/10919392.2010.494535 

Taherparvar, N., Esmaeilpour, R., & Dostar, M. (2014). Customer knowledge management, innovation 
capability and business performance: A case study of the banking industry. Journal of Knowledge 
Management, 18(3), 591–610. https://doi.org/10.1108/JKM-11-2013-0446 

Tamer Cavusgil, S., Calantone, R. J., & Zhao, Y. (2003). Tacit knowledge transfer and firm innovation 
capability. Journal of Business & Industrial Marketing, 18(1), 6–21. 
https://doi.org/10.1108/08858620310458615 

Tarhan, A., Turetken, O., & Reijers, H. A. (2016). Business Process Maturity Models: A Systematic 
Literature Review. Information and Software Technology, 75, 122–134. 
https://doi.org/10.1016/j.infsof.2016.01.010 

Tasoulis, K., Pappas, I. O., Vlachos, P., & Oruh, E. S. (2023). Employee reactions to planned 
organizational culture change: A configurational perspective. human relations, 
00187267231183305. 

Thiem, A. (2014). Membership function sensitivity of descriptive statistics in fuzzy-set relations. 
International Journal of Social Research Methodology, 17(6), 625–642. 
https://doi.org/10.1080/13645579.2013.806118 

Thomann, E., & Maggetti, M. (2020). Designing Research With Qualitative Comparative Analysis (QCA): 
Approaches, Challenges, and Tools. Sociological Methods & Research, 49(2), 356–386. 
https://doi.org/10.1177/0049124117729700 

Thrasher, E. H., Byrd, T. A., & Hall, D. (2006). Information Systems and Healthcare XV: Strategic Fit in 
Healthcare Integrated Delivery Systems: An Empirical Investigation. Communications of the 
Association for Information Systems, 18. https://doi.org/10.17705/1CAIS.01834 

Tilson, D., Lyytinen, K., & Sørensen, C. (2010). Digital infrastructures: The missing IS research agenda. 
Information Systems Research, 21(4), 748–759. https://doi.org/10.1287/isre.1100.0318 

Tödtling, F., & Kaufmann, A. (2002). SMEs in Regional Innovation Systems and The Role of Innovation 
Support—The Case of Upper Austria. The Journal of Technology Transfer, 27(1), 15–26. 
https://doi.org/10.1023/A:1013140318907 

Tura, T., Harmaakorpi, V., & Pekkola, S. (2008). Breaking inside the black box: Towards a dynamic 
evaluation framework for regional innovative capability. Science and Public Policy, 35(10), 733–
744. https://doi.org/10.3152/030234208X363169 

Van De Ven, A. H., & Johnson, P. E. (2006). Knowledge for Theory and Practice. Academy of 
Management Review, 31(4), 802–821. https://doi.org/10.5465/amr.2006.22527385 

Verkuilen, J. (2005). Assigning Membership in a Fuzzy Set Analysis. Sociological Methods & Research, 
33(4), 462–496. https://doi.org/10.1177/0049124105274498 

Vial, G. (2019). Understanding digital transformation: A review and a research agenda. The Journal of 
Strategic Information Systems, 28(2), 118–144. https://doi.org/10.1016/j.jsis.2019.01.003 

Vis, B., & Dul, J. (2018). Analyzing Relationships of Necessity Not Just in Kind But Also in Degree: 
Complementing fsQCA With NCA. Sociological Methods & Research, 47(4), 872–899. 
https://doi.org/10.1177/0049124115626179 



 
A Configurational Approach to Maturity Model Development – Using fsQCA to Build a Multiple-Pathway 

Maturity Model 

 

  Accepted Manuscript 

 

Wagemann, C., Buche, J., & Siewert, M. (2016). QCA and business research: Work in progress or a 
consolidated agenda? Journal of Business Research, 69(7), 2531–2540. 
https://doi.org/10.1016/j.jbusres.2015.10.010 

Wan, D., Ong, C. H., & Lee, F. (2005). Determinants of firm innovation in Singapore. Technovation, 25(3), 
261–268. https://doi.org/10.1016/S0166-4972(03)00096-8 

Wang, X., & Dass, M. (2017). Building innovation capability: The role of top management innovativeness 
and relative-exploration orientation. Journal of Business Research, 76, 127–135. 
https://doi.org/10.1016/j.jbusres.2017.03.019 

Wang, Z., Wang, Q., Zhao, X., Lyles, M. A., & Zhu, G. (2016). Interactive effects of external knowledge 
sources and internal resources on the innovation capability of Chinese manufacturers. Industrial 
Management & Data Systems, 116(8), 1617–1635. https://doi.org/10.1108/IMDS-10-2015-0412 

Weber, B., & Heidenreich, S. (2016). Improving innovation capabilities by cooperation: Examining effects 
of core network management functions and relational mechanisms in the industrial goods sector. 
International Journal of Innovation Management, 20(07), 1650074. 
https://doi.org/10.1142/S1363919616500742 

Weber, B., & Heidenreich, S. (2018). When and with whom to cooperate? Investigating effects of 
cooperation stage and type on innovation capabilities and success. Long Range Planning, 51(2), 
334–350. https://doi.org/10.1016/j.lrp.2017.07.003 

Wendler, R. (2012). The Maturity of Maturity Model Research: A Systematic Mapping Study. Information 
and Software Technology 54(12), 1317–1339. https://doi.org/10.1016/j.infsof.2012.07.007. 

Winne, S. D., & Sels, L. (2010). Interrelationships between human capital, HRM and innovation in Belgian 
start-ups aiming at an innovation strategy. The International Journal of Human Resource 
Management, 21(11), 1863–1883. https://doi.org/10.1080/09585192.2010.505088 

Woodside, A. G. (2014). Embrace•perform•model: Complexity theory, contrarian case analysis, and 
multiple realities. Journal of Business Research, 67(12), 2495–2503. 
https://doi.org/10.1016/j.jbusres.2014.07.006 

Yang, C.-C., Marlow, P. B., & Lu, C.-S. (2009). Assessing resources, logistics service capabilities, 
innovation capabilities and the performance of container shipping services in Taiwan. International 
Journal of Production Economics, 122(1), 4–20. https://doi.org/10.1016/j.ijpe.2009.03.016 

Yang, J., Rui, M., & Wang, J. (2006). Enhancing the firm’s innovation capability through knowledge 
management: A study of high technology firms in China. International Journal of Technology 
Management, 36(4), 305–317. https://doi.org/10.1504/IJTM.2006.010269 

Yang, Z., Nguyen, V. T., & Le, P. B. (2018). Knowledge sharing serves as a mediator between 
collaborative culture and innovation capability: An empirical research. Journal of Business & 
Industrial Marketing, 33(7), 958–969. https://doi.org/10.1108/JBIM-10-2017-0245 

Yeşil, S., Büyükbeşe, T., & Koska, A. (2013). Exploring the link between knowledge sharing enablers, 
innovation capability and innovation performance. International Journal of Innovation 
Management, 17(04), 1–20. https://doi.org/10.1142/S1363919613500187 

Yu, C., Zhang, Z., Lin, C., & Wu, Y. J. (2017). Knowledge Creation Process and Sustainable Competitive 
Advantage: The Role of Technological Innovation Capabilities. Sustainability, 9(12), Article 12. 
https://doi.org/10.3390/su9122280 

Zhang, M., & Hartley, J. L. (2018). Guanxi, IT systems, and innovation capability: The moderating role of 
proactiveness. Journal of Business Research, 90, 75–86. 
https://doi.org/10.1016/j.jbusres.2018.04.036 

Zheng, L., Ulrich, K., & Sendra-García, J. (2021). Qualitative comparative analysis: Configurational paths 
to innovation performance. Journal of Business Research, 128, 83–93. 
https://doi.org/10.1016/j.jbusres.2021.01.044 

Zheng, Y., Liu, J., & George, G. (2010). The dynamic impact of innovative capability and inter-firm network 
on firm valuation: A longitudinal study of biotechnology start-ups. Journal of Business Venturing, 
25(6), 593–609.  



Communications of the Association for Information Systems  

 

  Accepted Manuscript 

 

Appendix A: Detailed Comparison of the ICMM with Existing 
Approaches 

Considering the results from the low maturity level, configuration 2k, 3k, or 4k can be interpreted as a 
focus on internal environment and daily operations (Narcizo et al., 2019). For instance, a focus on know-
how in general (Corsi & Neau, 2015) is consistent with our results in the knowledge as well as 
organizational dimension, since for the performance of own R&D (1o-4o) know-how is a prerequisite. 
Configuration 1k on the low maturity level is in line with Jørgensen and Ulhøi (2010), who encourage the 
building of networks in SMEs, as they support IC and should therefore be formed at an early stage. The 
definition of a medium maturity level is rather generic in existing MMs. For instance, Corsi and Neau 
(2015, p. 63) define it as “Innovation is identified […] to stimulate coordination and frame the 
corresponding parameters and resources”. Narcizo et al. (2019) encourage a general focus on the 
integrated and holistic way of managing innovation activities within the companies. At that point, our 
results present a different approach as the configurations offer recipes of present and absent factors, 
therefore, they are prescriptive instead of providing merely descriptive information about the level of 
maturity. We were able to identify a rather significant difference to an existing MM on the highest maturity 
level. Configuration 11o reveals that it is possible for a SIC to reach a high maturity level by relying on 
third party R&D and not only by investing high amounts in own R&D. This is a presumably SME specific 
result and contradicts, for instance, Corsi and Neau (2015) who highlight a strong focus only on own R&D 
activities at the highest level of maturity. Similarities can be found in Narcizo et al.’s (2019) results as they 
highlight the importance of interaction with external agents being open and trustworthy, which is in line 
with our results 8k and 9k as they focus, among other factors, on external know-how or cooperation. 
Although Zheng et al. (2021) did not develop an MM, they investigated antecedents leading to high 
innovation performance in manufacturing firms of different sizes by applying fsQCA. Comparing their 
results with the highest maturity level of the ICMM reveals similarities in the knowledge dimension. They 
were able to identify that well-managed HR as well as governmental involvement in private and public 
R&D are core conditions in combination for high innovation performance. The ICMM configuration 9k 
shows a similar result as a focus on high educated personnel as well as cooperation with private and 
public institutions in combination with a high focus on internal innovation expenses will lead to a high IC 
maturity level. Of course, a direct comparison is only possible to a limited extent as both approaches 
investigated different companies and conditions. However, a broad similarity is discernible as both 
approaches highlight the focus on educated personnel as well as external support in daily operations.   

The ICMM approach offers in total 4*3*2=24 (knowledge) and 4*3*5=60 (organizational) possible 
configurational combination pathways from low to medium to high IC maturity as well as 3*2=6 
(knowledge) and 3*5=15 (organizational) configurational combination pathways from medium to high IC 
maturity. Furthermore, it might be possible for a company to evolve from the low level directly to the high 
maturity level by following 4*2=8 (knowledge) or 4*5=20 (organizational) possible evolution paths. 
Thereby our MM offers the possibility of a more individualized consideration of maturity within a company. 
Furthermore, it provides evidence, supported by the configurational logic, that our investigated outcome of 
interest is generated by a combination of several conditions rather than the presence of a single condition 
that is necessary or sufficient for the occurrence of the outcome. 
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Appendix B: Results of the Predictive Validity Testing  

Subsample1_random: Knowledge Dimension _ Low_Maturity: 

 

Plot of Edu*~Coop (predmod1) with holdout sample: 

 

Plot of the Model “Edu_c*~Coop_c” as “predmodel” in the holdout sample reveals Figure 10. The 
consistency scores 0.86 (subsample1) and 0.82 (holdout sample) as well as the coverage scores 0.36 
(subsample1) and 0.34 (holdout sample) are largely consistent, revealing predictive validity of the derived 
solution models, as well as the derived results have predictive validity for others than the underlying data 
sample. 
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Appendix C: Truth tables and fs/QCA output 

 

Figure 10. Truth Table of the Low Maturity Level of the Knowledge Dimension 

 

 
Figure 11. Truth Table of the Medium Maturity Level of the Knowledge Dimension 

 

 

Figure 12. Truth Table of the High Maturity Level of the Knowledge Dimension 
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Figure 13. fs/QCA Output of the Low Maturity Level for the Knowledge Dimension 
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Figure 14. fs/QCA Output of the Medium Maturity Level for the Knowledge Dimension 
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Figure 15. fs/QCA Output of the High Maturity Level for the Knowledge Dimension 
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Figure 16. Truth Table of the Low Maturity Level for the Organizational Dimension 

 

Figure 17. Truth Table of the Medium Maturity Level for the Organizational Dimension 

 

Figure 18. Truth Table of the High Maturity Level for the Organizational Dimension 
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Figure 19. fs/QCA Output of the Low Maturity Level for the Organizational Dimension 
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Figure 20. fs/QCA Output of the Medium Maturity Level for the Organizational Dimension 
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Figure 21. fs/QCA Output of the High Maturity Level for the Organizational Dimension 
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Comparison of fs/qca results with lowered cut-offs 

 

Figure 22. fs/QCA Output of the Low Maturity Level for the Knowledge Dimension with Lowered Cut-Offs (Raw 
0.840/Pri 0.802) 
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Figure 23. fs/QCA Output of the Medium Maturity Level for the Knowledge Dimension with Lowered Cut-Offs 
(Raw 0.809/PRI 0.665) 
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Figure 24. fs/QCA Output of the High Maturity Level for the Knowledge Dimension with Lowered Cut-Offs 
(Raw 0.826/PRI 0.522) 
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Table 13. ICMM Knowledge Dimension 

 Low Level Medium Level High Level 

Knowledge F:4 ; C:0.87 F:2 ; C:0.879 F:2 ; C:0.855 

 1k 2k 3k 4k 5k 6k 7k 8k 9k 

Int. InnoEx          

Edu          

Ext. Know-How          

Coop          

Consistency 0.86 0.89 0.95 0.97 0.86 0.91 0.86 0.9 0.85 

Raw Coverage 0.15 0.21 0.07 0.09 0.17 0.13 0.15 0.15 0.17 

Unique Coverage 0.07 0.14 0.01 0.02 0.05 0.02 0.08 0.06 0.08 

Overall solution cons. 0.859 0.822 0.836 

Overall solution cov. 0.346 0.268 0.231 
Note: Black circles indicate the presence of a condition, and circles with “x” indicate its absence. Large circles and bold c ircles with 
“x” indicate core -, small ones, peripheral conditions. Blank spaces indicate “do not care” conditions. 

 

Table 14. ICMM Knowledge Dimension with Lowered Cut-offs 

 Low Level Medium Level High Level 

Knowledge F:4 ; C:0.84 F:2 ; C:0.809 F:2 ; C:0.826 

 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k 11k 12k 

Int. InnoEx             

Edu             

Ext. Know-How             

Coop             

Consistency .82 .80 .87 .95 .86 .80 .82 .79 86 .90 .86 .79 

Raw Coverage .52 .35 .26 .07 .17 .17 .24 .17 .15 .15 .17 .20 

Unique Coverage .07 .08 .02 .01 .08 .01 .11 .00 00 .02 .05 .10 

Overall solution 
cons. 

0.806 0.766 0.765 

Overall solution cov. 0.637 0.431 0.296 
Note: Black circles indicate the presence of a condition, and circles with “x” indicate its absence. Large circles and bold 
circles with “x” indicate core -, small ones, peripheral conditions. Blank spaces indicate “do not care” conditions. 
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Figure 25. fs/QCA Output of the Low Maturity Level for the Organizational Dimension with Lowered Cut-Offs 
(Raw 0.823/PRI 0.714) 
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Figure 26. fs/QCA Output of the Medium Maturity Level for the Organizational Dimension with Lowered Cut-
Offs (Raw 0.807/Pri 0.515) 
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Figure 27. fs/QCA Output of the High Maturity Level for the Organizational Dimension with Lowered Cut-Offs 
(Raw 0.881/PRI 0.528) 
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Table 15. ICMM Organizational Dimension 

 Low Level Medium Level High Level 

Organizational F:3 ; C:0.956 F:4 ; C:0.888 F:1 ; C:0.914 

 1o 2o 3o 4o 5o 6o 7o 8o 9o 10o 11o 12o 

New Work              

Own R&D             

Cont. R&D             

Dev. of InnoEx             

New BP             

Third party R&D             

Consistency 0.95 0.98 0.95 0.97 0.92 0.88 0.91 0.91 0.88 0.86 0.93 1 

Raw Coverage 0.13 0.13 0.15 0.09 0.15 0.18 0.13 0.14 0.18 0.20 0.14 0.13 

Unique Coverage 0.04 0.03 0.09 0.02 0.04 0.07 0.06 0.03 0.06 0.07 0.03 0.01 

Overall solution 
cons. 

0.944 0.886 0.805 

Overall solution 
cov. 

0.278 0.280 0.335 

Note: Black circles indicate the presence of a condition, and circles with “x” indicate its absence. Large circles and bold c ircles with 
“x” indicate core -, small ones, peripheral conditions. Blank spaces indicate “do not care” conditions. 

 

Table 16. ICMM Organizational Dimension with Lowered Cut-offs 

 Low Level Medium Level High Level 

Organizational F:3 ; C:0.823 F:4 ; C:0.807 F:1 ; C:0.914 

 1o 2o 3o 4o 5o 6o 7o 8o 9o 10o 11o 12o 13o 14o 15o 16o 17o 

New Work                   

Own R&D                  

Cont. R&D                  

Dev. of InnoEx                  

New BP                  

Third party 
R&D 

                 

Consistency .70 .88 .81 .78 .84 .93 .97 .73 .92 .88 .91 .85 .88 .86 .87 .93 1 

Raw Coverage .15 .28 .18 .13 .19 .15 .09 .13 .15 .18 .13 .15 .18 .20 .18 .14 .13 

Unique 
Coverage 

.02 .07 .04 .06 .01 .07 .02 .05 .04 .07 .05 .03 .06 .07 .05 .02 .01 

Overall 
solution cons. 

0.795 0.798 0.771 

Overall 
solution cov. 

0.569 0.329 0.388 

Note: Black circles indicate the presence of a condition, and circles with “x” indicate its absence. Large circles and bold circles with “x” 
indicate core -, small ones, peripheral conditions. Blank spaces indicate “do not care” conditions. 
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