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FOCUS OF THE THESIS 

 
 

Enterprises are operating in increasingly dynamic business environments and sustaining 

competitive advantage requires continuously improving organizational capabilities (OCs). The 

fundamental idea of assessing OCs is to be able to understand the status quo, identify 

improvement opportunities, and develop to a higher level that leads to improved business 

performance. However, measurement approaches of OCs have been ill-equipped to objectively 

fulfill this mission. It is widely accepted that the developing OCs pass through stages of maturity 

and this evolution can be deliberated. Maturity models (MMs) emerged in this context and 

claimed to be designed to measure the maturity of OCs. 

 
MMs are based on the premise that improved maturity in organizational capabilities leads to 

improvements in the desired outcomes. This promising potential explains the growing 

popularity of MMs in various academic journals. However, MMs have often been criticized for 

their lack of methodological rigor and empirical validation. Despite such criticism, MMs have 

been a popular publication topic in journals of all ranking quartiles.  

 

Given this context, this thesis project has produced four research papers resolving four critical 

issues built on each other. The first thoroughly explores the dynamics of MMs within the world 

of publications across dimensions such as journal rankings and citations. The second 

investigates theoretical issues within current MMs and provides the necessary theoretical 

grounding. The third demonstrates how to evaluate MMs using the introduced theoretical 

grounding in paper two. Finally, the fourth demonstrates through an empirical study how a 

robust MM should be built and applied within a chosen OC domain. 
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1. BACKGROUND 

 
 

Enterprises increasingly operate in dynamically changing environments. To stay competitive, it 

is imperative that they develop organizational capabilities (OCs). OCs play a central role in a 

multitude of business research domains (e.g., strategy, competitive advantage, learning, process 

management, people capabilities, organizational culture, and technology). Grant (1996, p. 377) 

defines an organizational capability as the “ability to perform repeatedly a productive task which 

relates either directly or indirectly to a firm’s capacity for creating value through effecting the 

transformation of inputs into outputs”. Collis (1994) claims that these OCs are ‘socially complex 

routines’ that help create defined outcomes within an enterprise. The underlying assumption of 

the capability point of view is that enterprises have ways of doing things and approaching 

problems that show elements of continuity (Dosi et al., 2003). Derivation of organizational 

capabilities occurs through its portfolio of skills, structures, processes, and norms supporting 

their integration (Teece et al., 1990). Through deliberate managerial decisions, enterprises can 

embed specific capabilities within their organizational fabric (Slotegraaf, 1999; Grewal & 

Slotegraaf, 2007). 

 
Research on strategic management clearly exposes that the attention given to theory 

development has been excessive compared to empirical testing of them (Oxley et al., 2010; 

Bettis, 2012). Research on OCs has not been an exception to this, and criticism has specifically 

targeted the lack of empirical verification as opposed to the vast array of theory development 

(Newbert, 2007; Leiblein, 2011). The key issue and related problems with OCs are that they are 

latent constructs that are inherently unobservable (Grant & Verona, 2015). Furthermore, they 

are routinized, socially embedded, causally vague, and in particular, they don’t necessarily 

reside only within a given function of an enterprise. Unfortunately, for OCs to fulfill their 

mission, most of the approaches used are ill-equipped in problem identification and especially 

objective measurement (Kruger & Dunning, 1999). 

 
Most studies deploy self-reported questionnaires for measuring organizational capabilities – 

typically using the responses from the senior managers of responding enterprises (e.g., Snow 
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and Hrebiniak, 1980; Kusunoki et al., 1998; Sirmon et al., 2010). Issues with the accuracy and 

inconsistency of self-reported measurement approaches for OCs have been evident over 

decades of research (Kruger & Dunning, 1999). Deliberate misreporting, perceptual and 

cognitive distortion, and respondents not having visibility of the reality, are major issues in self-

reported assessments in OC research (Huber & Power, 1985). 

 
The fundamental idea behind assessing capabilities is to be able to assess the status quo for the 

enterprises and to be able to derive inferences for the scientific community (Nielsen & Kimberly, 

1976). Assessment and improvement in OCs bring together assumptions from several scientific 

domains such as organizational change theory (Van de Ven & Poole, 1995), the resource-based 

view of a firm (Wernerfelt, 1984), life cycles, and teleological theories of goal formation (Lee 

& Kim, 2001). OCs develop, passing stages of maturity (Kohlegger et al., 2009) and over time, 

deliberate improvement attempts can help achieve consistency at higher levels of performance 

(Schumacher et al., 2016). The software development industry first recognized this need and 

used it as justification to achieve higher degrees of reliability and validity in measuring OCs 

(Monteiro & Maciel, 2020). With the dawn of the 1990s, the software development industry 

was tired of unfulfilled promises of productivity and quality gains from OC measurement 

approaches with enterprises facing delays in delivery and excessive costs (Humphrey, 1988; 

Paulk et al., 1993). 

 
“Even in undisciplined organizations, however, some individual software 

projects produce excellent results. When such projects succeed, it is generally 

through the heroic efforts of a dedicated team, rather than through repeating the 

proven methods of an organization with a mature software process. In the 

absence of an organization-wide software process, repeating results depends 

entirely on having the same individuals available for the next project. The 

success that rests solely on the availability of specific individuals provides no 

basis for long-term productivity and quality improvement throughout an 

organization. Continuous improvement can occur only through focused and 

sustained effort towards building a process infrastructure of effective software 

engineering and management practices.” (Paulk et al., 1993, p. 31) 
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Within this context, the capability maturity model (CMM) (Paulk et al., 1993) was developed at 

the request of the US Department of Defense, Carnegie Mellon University. CMM defines the 

critical elements of a matured process and describes how an enterprise could move from lower 

maturity levels to higher maturity levels (Day-Lutteroth, 2011). Most importantly it provides 

clear descriptive definitions of each maturity level of the given capability (software development 

process management) resulting in improved reliability and validity in assessment compared to 

the approaches that existed before. Later, CMM was further improved into CMMI (CMM 

Integration) in 2001 with the integration of existing CMMs (Veldman-Klingenberg, 2009; Liou, 

2011). By 2021, it is claimed that more than 10,000 businesses have adapted the CMMI method 

in over 106 countries (ISACA, 2021). As per many systematic reviews, CMMI provided an 

influential methodological base and a turning point in the popularity of publications with MMs. 

Since then, the introduction of MMs from diverse capability domains has been apparent in 

academic research. MMs have been applied to capability domains such as healthcare, supply 

chain management, education, e-governance, project management, knowledge management, 

business process management, industry 4.0, lean manufacturing, product development, new 

product development, digital transformation, safety culture, sustainability, risk management, 

marketing, e-government, quality management, social media, blockchain, and the list keeps 

growing (Santos-Neto & Costa, 2019). MMs are descriptors that provide a stage-wise 

characterization of capabilities that organizations require to gauge their level of progress 

(Dekleva & Drehmer, 1997; Holland & Light, 2001; Fraser et al., 2002; Subba Rao et al., 2003; 

Gottschalk, 2009). Such hierarchical characterization is beneficial as MMs have the potential to 

aid performance excellence in many realms of human endeavor (Solli-Sæther & Gottschalk, 

2010; van Looy et al., 2013). Pullen (2007, p. 09) defines an MM as “a structured collection of 

elements that describe the characteristics of effective processes at different stages of 

development”. 
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2. ISSUES WITH MATURITY MODELS IN ACADEMIA 

 

In my attempt to explore the domain of maturity approach to measuring OCs, the early part of 

the doctoral program was spent searching for and reading a significant number of publications 

that have introduced MMs. A special attempt was made to read as many publications as possible 

with MMs within the domains I had expert-level industry experience, e.g., Lean (e.g., Karlsson 

& Åhlström, 1996; Nightingale & Mize, 2002; Doolen & Hacker, 2005; Bhasin, 2011; 

Malmbrandt & Åhlström, 2013; Bijl et al., 2019; Zanon et al., 2020), project management (e.g., 

Kwak & Ibbs, 2002; Grant & Pennypacker 2006; Pasian et al., 2012), business process 

management (e.g, Tarhan et al., 2016; Van Looy et al., 2011) and quality management (e.g., 

Xiaofen, 2013; Ramadan & Arafeh, 2016). Once a deeper level of familiarity was achieved with 

the MMs of these areas, attention was extended to understanding how the MM studies are 

constructed in relatively unfamiliar OC domains, e.g., industry 4.0 (e.g., Schumacher et al., 

2016; Ganzarain & Nekane, 2016), risk management (Zhao et al., 2014; Salawu & Abdullah 

2015), supply chain management (e.g., Lockamy & McCormack, 2004; Souza et al., 2015) and 

knowledge management (e.g., Serenko et al., 2016; Hsieh et al., 2009). Without attempting to be 

conclusive, this initial investigation surfaced some observations which later helped to frame the 

four research articles. Below are highlighted observations from the initial investigation of 

existing literature. 

 
1. No MM other than CMMI has become widely accepted though two decades have passed 

since the introduction of CMMI. 

2. Among the MMs within the domains where I had industry expertise, it was visible that 

structural components were missing and/or overlapping which made them unsuitable 

for making statistical inferences.  

3. Some of the MMs had demonstrated how to use the model with an empirical example 

of application, however, only a few MMs had measured the capability maturity more 

than once. This was surprising as maturity is not a static concept and evolving maturity 

should be measured periodically. 

4. There were no MMs with proven construct validity. 
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5. Almost no MM had been reused by other studies and most studies were only about 

introducing a new MM. 

6. Published MMs come from all ranks of journals (Scimago) and many conference 
proceedings. 

7. The objective of developing and publishing an MM seems to be academically biased as 

almost all the MMs justified the need for their model as “due to the absence of an MM 

within the capability domain” instead of the need for the MM to improve selected 

business performance indicators. 

 
As maturity models have been a popular theme of publication over the last two decades, the 

number of reviews of them has also been common. There are many systematic reviews (e.g., 

Poeppelbuss et al., 2011; Wendler, 2012; Tarhan et al., 2016; Reis et al., 2017; Vallerand et at., 

2017; Santos-Neto & Costa, 2019), few recommended MM design processes (e.g., de Bruin et 

al., 2005; Becker et al., 2009) and a very few studies with design principles and evaluation 

criteria for MMs (Pöppelbuß & Röglinger, 2011; ISO, 2015). None of the systematic reviews 

contradicted my initial observations and most of these studies confirmed that current MMs are 

not developed as scientific measurement instruments based on the following two fundamentally 

important criteria: (1) MMs should be built on the ‘predictable patterns’ assumption that the 

higher maturity of capabilities leads to improved desired outcomes, and (2) they should have 

generalizability in achieving similar outcomes within proximal contexts. 

 

3. THESIS STRUCTURE AND RESEARCH QUESTIONS 

 

MMs are critical measurement instruments as they are associated with a range of benefits. These 

benefits include gauging the status quo of capabilities (Becker et al., 2009), evaluating 

capabilities (Rosemann & de Bruin, 2005), supporting assessment (Iversen et al., 1999), 

enabling benchmarking (Domingues et al., 2016), guiding focus areas for investments in 

developing capabilities (Killen & Hunt, 2013; Vivares et al., 2018), normalizing skills deemed 

for improvement (Domingues et al., 2016), and demonstrating how a given approach has been 

evolving to achieve desired results (Santos-Neto & Costa, 2019). Apart from these industry 

benefits, they can be invaluable in research inquiries. In qualitative research, they can help structure 

investigations to understand deeper aspects of capabilities such as managing change, resistance 

to change, human-process synergies, collective wisdom, leadership orientation, etc. Provided 
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they are built with rigor, MMs in quantitative research can establish a vast array of relationships 

between underexplored variables with capabilities such as levels of autonomy, empowerment, 

measurable leader behaviors, governance, business performance, employee satisfaction, client 

satisfaction, etc. 

 

Most importantly, MMs provide a vital opportunity for understanding evolving relationships 

with such variables and capability maturity. Given such importance to both academia and 

industry, MMs have not lived up to their expectations. Often, MMs have been criticized for 

lacking theoretical rigor and empirical evidence of validity (Pöppelbuß & Röglinger, 2011; 

Santos-Neto and Costa, 2019; Monteiro & Maciel, 2020). Santos-Neto and Costa (2019) claim 

that out of journal-published MMs between 1973 and 2018, only 3% have been empirically 

validated and only 10% have demonstrated application. Wendler (2012) claims that MMs that 

had been useful in the real world are scarce, and many MMs have not even disclosed the 

methodological approach taken in their design. If MMs are intended to deliver performance 

excellence (van Looy et al., 2013), this situation is far from ideal for users in both academia 

and industry. Although with such a ‘far-from-ideal’ reality, MMs have been widely published 

in many low-to-high ranked peer-reviewed journals. This conflicting reality provided the 

direction to frame this research project and exposed the four investigation opportunities: 

 

1. Thoroughly understand the dynamics of MMs within the world of publications 

across dimensions such as journal rankings and citations. 

2. Investigate theoretical issues within current MMs, provide theoretical grounding and 

establish a robust set of criteria to evaluate MMs. 

3. Demonstrate how to evaluate MMs using the newly established criteria within a 

capability domain critical to both academia and the industry. 

4. Demonstrate how a robust MM should be built and applied with real-life data through 

an empirical study. 

 

These investigation opportunities were converted into separate research papers with multiple 

research questions being addressed. The four investigation opportunities are built on each other 

and represent critical yet different dimensions of the spectrum of MM research. The section 

below provides a summary of each research paper with the addressed research questions (RQs). 
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3.1 Summary of research paper 1: Maturity models: Taking stock and moving forward 
 

This review is based on the analysis of 339 papers published in 193 journals with MMs between 

1973 and 2017. It answers the below research questions. 

 

RQ1: How has the number of MMs published across Scimago Journal Ranking (SJR) quartiles 

changed over the years? 

RQ2: How are the MMs published distributed across different journal categories?  

RQ3: How is the distribution of MMs across journals and how are these journals ranked? 

RQ4: Does publishing in higher-ranked journals result in more citations? 

 

A publication’s impact, measured by the number of citations collected over its lifetime, is 

influenced by the quality of the journal (measured by the journal’s Article Influence Score by 

Clarivate Analytics, its Scimago Journal Ranking by Scimago, and the journal’s Scimago 

quartile category), and the length of its availability to the public. Results have been derived 

from a variety of partitioning models (decision tree, bootstrap forest, boosted tree) and 

descriptive statistics. Although MMs have been heavily criticized for their lack of rigor, we see 

that they have been published somewhat evenly across all the journal ranking levels. Only 18% 

of the top 50% ranked journals have published MMs and only six journal categories account for 

the publication of 80% of the MMs indicating the potential to grow as a measurement 

instrument. There is a high chance of attracting more citations when published in higher-ranked 

journals and in journal rank deciles that have already published high volumes of MMs. 

 

3.2 Summary of research paper 2: Why are maturity models so juvenile? A critical 

review based on a new evaluation framework 

 

This paper critically reviews fundamental theoretical issues of MMs, addresses them by 

providing theoretical grounding, and introduces a new MM evaluation framework. The paper 

answers two research questions. 
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RQ1: What are the theoretical issues with current MMs?  

RQ2: What criteria should be used to evaluate MMS?  

 

The literature review explores the current schools of thought on MMs focusing on their claimed 

benefits, theoretical landscape, embedded assumptions, conceptual classifications, structural 

topology, and the design processes used. Then critical issues of MMs are exposed related to 

their primary purpose, the conceptualization of capabilities, validity, alignment of the design 

process, and specification of the measurement model. Addressing these issues, a firmer 

theoretical grounding for MMs is provided based on relevant multidisciplinary domains of 

research. A new MM evaluation framework is introduced consisting of OVRGP principles 

(opportunity, validity, reliability, generalizability, and process integrity). Each principle is 

expanded with underlying criteria to be satisfied. 

 

3.3 Summary of research paper 3: Are the lean maturity models matured? A criteria-

based evaluation 

 

Lean management is a journey of continuously maturing in the integration of processes, work 

systems, and capabilities within a convincing management philosophy. The journey of maturing 

in lean requires a compass to tell an enterprise its current position and the way ahead. An MM 

approach is proposed to measure the degree of integration to lean management and the paper 

answers the following four research questions.  

 

RQ1 - What criteria make an MM fit-for-the purpose? 

RQ2 - How do the LMMs perform against these criteria? 

RQ3 - What are the critical weaknesses of LMMs based on these criteria? 

RQ4 - How can future LMMs improve their fit-for-the-purpose? 

 

The paper evaluates 27 qualified lean maturity models and reveals their critical weaknesses. 

The in-depth use of the OVRGP framework introduced in research paper 2 is demonstrated 

here. The paper concludes that current lean maturity models are not built with methodological 

rigor. This makes them weak as instruments for establishing relationships between improving 

lean maturity and improving business performance. The evaluation reveals nine critical 

weaknesses of existing lean maturity models and for each critical weakness, remediations are 

recommended for future developers.  
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3.4 Summary of research paper 4: Sustainable Entrepreneurship Orientation: A 

formative measurement model and application 

 

The introduction of a robust maturity measurement approach can accelerate the progress of 

Sustainable Entrepreneurship Orientation (SEO) research through improved generalizability 

and comparability. This paper proposes an evidence-based approach to gauge the degree of 

SEO within an enterprise using a maturity model. The model consists of EPEC (Economic, 

People, Environment, Community) dimensions and their underlying observable indicators rated 

over pre-defined maturity levels. A comprehensive literature review identifies and explores the 

key dimensions of the SEO domain. These dimensions are then integrated through the EPEC 

model and expanded into observable SEO firm-behavior indicators. The proposed SEO 

measurement model is based on the formative index construction rationale using the multiple 

indicators and multiple causes (MIMIC) model. Using onsite observations and semi-structured 

interviews, quarterly rounds of maturing SEO levels were measured in a year-long investigation 

of a Hungarian private medical clinic to demonstrate the feasibility, and reliability of the 

approach. Fleiss’ Kappa values ensured inter-rater reliability within this multi-rater exercise. 

The paper also discusses how the new measurement model will improve SEO research by 

offering new research possibilities, and its contribution to the industry as well as policymakers. 
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4 CONTRIBUTION 

 

This thesis is built around the fundamental premise that maturing in organizational capabilities 

leads to the desired performance increases. A thorough analysis of an extensive literature review 

revealed that many of the current maturity models are ill-equipped to represent the said premise. 

Despite these shortcomings, they are widely accepted and published in high-ranking scientific 

journals. This is an alarming reality for the science of organizational capabilities to ignore. On 

one hand, it stagnates the progress of organizational capability research, and on the other, it 

further distances academia from the industry. This thesis project does not claim to entirely solve 

this issue. However, using four research papers, the thesis project helps the science of 

organizational capabilities to move a few critical steps forward. 

 

The first paper intends to be positioned as an eye-opener revealing that despite their significant 

weaknesses, maturity models have been published even in high-ranking journals. Further, the 

paper shows that most MMs, irrespective of where they have been published, have gathered an 

insignificant number of citations given the significance of the OC domain. Though not among the 

primary objectives, the paper will also help developers of MMs to target their publication efforts 

in terms of journal selection, attracting citations, and selecting the right journal ranking 

parameters. The paper has been published in the journal Hungarian Statistical Review (June 

2022 edition). This is a journal classified as category A by section 9 of the Hungarian Academy 

of Sciences.  

 

The second paper makes the most significant theoretical contribution. It reveals six fundamental 

theoretical issues related to MMs in their conceptual and construction rationale. The 

multidisciplinary theoretical grounding provided in this paper is expected to provide clearer 

direction for the future developers of MMs. The newly introduced OVRGP framework with 17 

criteria will provide MMs with reliability, validity, and generalizability as scientific 

measurement instruments. Further, these 17 criteria will help future studies in structuring 

critical MM evaluations, and systematic reviews. Organizational capability research will 

progress faster with MMs built based on these criteria and they will have much-needed industry 

acceptance. The paper has been submitted to a reputed scimago quartile-1 journal (category - 

information systems and management) with a strong publication record in maturity models.  
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The third paper puts the OVRGP framework and the 17 criteria into action. Lean management 

as an organizational capability is proven to deliver extraordinary performance improvements in 

many industries. This paper demonstrates to the lean management scientific community why 

the current MMs are ill-equipped to deliver their intended purpose. The paper will help future 

studies consider the OVRGP framework in developing LMMs that are reliable, valid, and 

generalizable. The detailed recommendations provided to overcome the identified nine critical 

weaknesses of LMMs further extend this contribution. The paper has been submitted to a 

reputed scimago quartile-1 journal (category - industrial and manufacturing engineering) with 

a strong publication record in lean management research.  

 

The fourth paper demonstrates how a maturity model should be built within the organizational 

capability of sustainable entrepreneurship. Apart from the demonstration of constructing an 

MM by combining theory and empirical data, the paper makes a few important contributions to 

the scientific domain of sustainable entrepreneurship. Current measures are heavily biased 

towards outcomes and enterprise behavior-based measures are almost non-existent. The paper 

fills this void. Further, the sustainable entrepreneurship MM can help extend research in this 

relatively new domain. It has the potential for the industry users to establish a yardstick and the 

policymakers to establish enterprise behavior-based development programs and incentives. The 

paper is currently in the review process in a reputed scimago quartile-1 journal (category – 

business management and accounting ‘miscellaneous’) with a strong publication record in 

sustainability related research.  
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RESEARCH PAPER 1 

Maturity models: Taking stock and moving forward 
 

Abstract 
 

Maturity models (MMs) are based on the premise that improved maturity in organizational 

capabilities leads to improvements in the desired outcome measures. This promising potential 

explains the growing popularity of MMs and a large number of publications on the subject in 

various academic and professional journals. The present study is based on an analysis of 339 

MM papers published in 193 journals between 1973 and 2017. After giving a brief overview of 

the theoretical underpinnings of MMs, the paper focus on answering the question of ‘where to 

publish to achieve maximum impact’ from the perspective of potential authors. The impact of 

a publication, measured by the number of citations collected over its lifetime, is influenced by 

the quality of the journal (measured by the journal’s article influence score by Clarivate 

Analytics, Scimago Journal Ranking by Scimago, and Scimago Q category) and the length of 

public availability of the publication. Results from a variety of partitioning models (decision 

tree, bootstrap forest, and boosted tree) show that publishing in high-quality, recognized 

journals tends to result in more citations. In other words, in a network of journals, not all 

citations are equal as citations in selective, highly ranked journals are more equal than others. 

It is also important to emphasize that Scimago’s Q classification has no bearing on a paper’s 

post-publication success; Q classification is a noisy and poor measure of a journal’s quality that 

is not used globally. 

 

Keywords: maturity models, publication impact, journal quality. 

 

 

1. INTRODUCTION 

 

In the literature, ‘maturity’ is generally referred to as a condition or phase that can be defined, 

measured, managed, and controlled (Mettler, 2010). A maturity model (MM) consists of a 

hierarchy of anticipated maturity levels and represents the typical path of evolution of a given 
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capability (Becker et al., 2009). The objective of an MM is to provide direction and clarity 

through this evolutionary path which eventually leads to the definition of improvement 

activities (Mettler, 2010). Although MMs come in different forms and types, the principal 

concept is that they describe a few sequential phases, the typical behavior exhibited by a firm, 

and the level of sophistication of processes (Fraser et al., 2002). 

 

The concept of MMs emerged in the 1970s through Gibson and Nolan (1974) and Crosby 

(1979). Later the original capability maturity model (CMM) of Paulk et al. (1993) became the 

turning point of the attention toward MMs. Since then, the application of MMs in the academic 

literature has sharply increased in terms of number and diversity (Santos-Neto & Costa, 2019). 

Furthermore, MMs have been questioned for their theoretical rigor throughout this period 

(Poeppelbuss & Simons, 2011; Monteiro & Maciel, 2020). 

 

Systematic reviews providing a thematic analysis (e.g., Poeppelbuss & Simons, 2011; Reis et 

al., 2016; Wendler, 2012; Tarhan et al., 2016; Vallerand et al., 2015; Santos-Neto & Costa, 

2019; Monteiro & Maciel, 2020) and evaluation of MMs along with their design principles 

(e.g., de Bruin et al., 2005; Becker et al., 2009; Pöppelbuß & Röglinger, 2011; ISO, 2015) have 

been comprehensively conducted by numerous studies. Most systematic reviews involve a 

detailed descriptive statistical analysis of the themes of MMs and where they have been 

published (e.g., Santos-Neto & Costa, 2019; Monteiro & Maciel, 2020). However, no study has 

analyzed the qualitative parameters of journals in which this continuously growing number of 

MMs have been published. Given the increasing number of published studies on MMs, the 

broadening diversity of the capability domains of MMs, and the great criticism of the 

methodological rigor of MMs, it is now interesting to explore the distribution of MMs across 

different journal ranks and to check whether publishing in higher-ranked journals means higher 

visibility or impact for MMs. 

 

The current study examines 339 articles on MMs published between 1973 and 2017. It measures 

their impact in terms of the number of citations they have received over their lifetime. The quality 

of the journals that published these MM articles is also measured by their article influence score 

(AIS), Scimago Journal Ranking (SJR), and Scimago quartile (Q). Through various analyses 

of these two variable sets, this study explores the distribution of MM articles in journals and 

answers the question of ‘where to publish MM articles to achieve the maximum impact’.
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2. MATURITY MODELS: AN OVERVIEW 

 

The information systems literature first introduced the concept of MMs in the 1970s as a method 

to control performance. The computational resource MM of Gibson & Nolan (1974) and the 

quality management process grid (Crosby, 1979) are often cited as pioneering works of MMs 

(Humphrey, 1988). At the request of the US Department of Defense, Carnegie Mellon 

University (Paulk et al., 1993) developed the Capability maturity model (CMM) based on the 

principles of Crosby (1979). Later, the CMM further evolved into CMM Integration (CMMI) 

in 2001 with the integration of existing CMMs (Veldman & Klingenberg, 2009; Liou, 2011). 

CMMI defines the critical elements of a matured process and describes how an enterprise can 

move from lower maturity levels to higher ones (Day & Lutteroth, 2011). Many systematic 

reviews claim that CMMI is the turning point of the publication of MMs and has become an 

influential methodological base. The introduction of MMs from diverse capability domains has 

since become apparent in existing research. Table 1 shows a list of such domains. 

 
Table 1: Examples of studies introducing MMs in diverse capability domain 

 

Capability domain Study 

Blockchain Wang et al (2016), Ronaghi (2020) 

Business process management Tarhan et al (2016), Van Looy et al (2011) 

Digital transformation Gollhardt et al (2020), Gökalp & Martinez (2021) 

E-governance Misra & Dhingra (2002), Anza et al (2017) 

E-government 
Valdés et al (2011), Concha et al (2012), Chohan et 

al (2020) 

Education 
Zhou (2012), Egberongbe et al (2017), Al Ammary et 

al (2016), Garbin et al (2021) 

Industry 4.0 
Schumacher et al (2016), Ganzarain & Errasti (2016), 

Wagire et al (2020) 

Knowledge management Serenko et al (2016), Hsieh et al (2009) 

Lean manufacturing Maasouman & Demirli (2015), Nightingale & Mize 

Marketing Hirschheim et al (2006), Seebacher (2021) 

Medical and healthcare 
McCarthy et al (2014), Blondiau et al (2016), 

Sullivan et al (2016) 

Product/new product 

development 
Fraser et al (2002), Vezzetti et al (2016) 

Project management 
Kwak & Ibbs (2002), Grant & Pennypacker (2006), 

Pasian et al (2012) 

Quality management Xiaofen (2013), Ramadan & Arafeh (2016) 
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Risk management Salawu & Abdullah (2015), Zhao et al (2014) 

Safety culture Goncalves et al (2010), Phusavat et al (2015) 

Social media Duane & O’Reilly (2012), Lehmkuhl et al (2013) 

Supply chain management Lockamy & McCormack (2004), Souza et al (2015) 

Sustainability Prashar (2017), Ferreira et al (2017) 

 

MMs are structured models. Pullen (2007 p.9) defined an MM as “a structured collection of 

elements that describe the characteristics of effective processes at different stages of 

development.” Further, MMs clarify the demarcation between phases and procedures within 

the transformation journey of maturation (Pullen, 2007). Klimko (2001 p.271) stated that the 

concept of ‘maturing’ describes “the development of an entity over time. This entity can be 

anything of interest: a human being, an organizational function, etc.” Most MMs are made up 

of several elements. Domain components represent the level 1 breakdown of an umbrella-level 

capability. For example, MM of digital transformation (Gökalp & Martinez, 2021) uses, 

strategic governance, information technology, digital process transformation, and workforce 

management as domain components. MM of Industry 4.0 by Wagire et al (2020) uses, people 

and culture, Industry 4.0 awareness, organizational strategy, value chain and processes, smart 

manufacturing technology, product-and-service-oriented technology, and Industry 4.0 base 

technology as the domain components. In MMs, the domain components are further split into 

indicators. Indicators are attributes subjected to measurement. For example, Wagire et al. 

(2020), within the domain component ‘people and culture’, used ‘leadership support towards 

digital transformation activities’ as one of the indicators. MMs use different methods to assign 

numerical values to indicators when measuring maturity. The most common methods are the 

use of a Likert scale (e.g., Santos Bento & Tontini (2018) in their lean MM) or stage definitions 

adapted from CMMI (e.g., Gökalp & Martinez, 2021). 

 

Largely because of their structural straightforwardness and ability to provide insights purely on 

theoretical grounds, it is intuitively appealing to develop and cognitively confirm the benefits 

of MMs (Tarhan et al., 2016). With the growing popularity of these models, the emergence of 

studies involving systematic literature reviews on MMs has become noticeable (e.g., Wendler, 

2012; Lasrado et al., 2015; Reis et al., 2016; Santos-Neto & Costa, 2019; Monteiro & Maciel, 

2020). There are also studies that examine the weaknesses of MMs (e.g., Kohlegger et al., 2009; 
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Mullaly, 2014; Buckle, 2018) and studies proposing MM development guidelines, principles, 

and processes (e.g., de Bruin et al., 2005; Beckeret al., 2009; Maier et al., 2009; Mettler, 2010; 

Pöppelbuß & Röglinger, 2011; Van Looy et al., 2013; ISO, 2015). However, studies that deeply 

review MMs’ rigor, validity, and usefulness in relation to the real-life evidence of utility are 

scarce (Tarhan et al., 2016). 

 

Santos-Neto & Costa (2019), after reviewing more than 400 MMs, revealed that only 3% of 

MMs have been empirically validated. If MMs are growing in volume and if they have been 

criticized for their lack of validity, it would be interesting to understand the demographics of 

papers and the journals that published them. Most systematic reviews analyze the domain of 

MMs and the journals where they have been published. However, understanding the 

demographics and academic performance of published media has not received much attention. 

Monteiro & Maciel (2020) claimed that most MMs have been published in conference 

proceedings possibly because of the less methodological rigor they demand. Gökalp & Martinez 

(2021) revealed that 55% of the MMs of digital transformation have been published in 

conference proceedings. However, there remain hundreds of MMs that have been published in 

academic journals. The impact of these papers and the journals that published them on their 

post-publication life remains an uncharted territory. 

 

3. DATA AND METHODS 

 

This study examined the various parameters of 339 MM articles published between 1973 and 

2017 to answer the research questions below. RQs 1–3 describe the journals in which MM articles 

were published using graphical charts. RQ 4 focuses on the impact of MM papers using various 

partitioning models (decision trees and bootstrap forest). 

 

RQ1: How has the number of MMs published across SJR quartiles changed over the 

years? 

RQ2: How are published MM articles distributed across different journal categories? 

RQ3: What is the distribution of MM articles across journals and how are these journals 

ranked?  

RQ4: Does publishing in higher-ranked journals result in more citations? 
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3.1 Selection of papers on MMs 

 
The initial search was conducted on four digital databases (Web of Science, Scopus, 

SpringerLink, and ScienceDirect) by using the following keywords: maturity model, maturity 

approach, phase-based maturity, and staged maturity. Five stages of filtering were performed 

sequentially to obtain the sample used in this study. The sequence of exclusion criteria (and 

subsequent deletion from the sample) were, 

 

1. Articles from non-business domains 

2. Articles published in 2018 or later 

3. Articles that were not from journals (e.g., conference papers and books) 

4. Articles not primarily about MMs (based on the title and abstract) 

5. Articles from journals that did not have an SJR during the journals’ lifetimes 
 

The rationale for the removal of conference papers and books was the absence of the two most 

critical quality parameters in this study: SJR and AIS (see description in the next subsection). 

A similar rationale applied to journals that were not listed in Scimago. Since the number of 

citations was used as the dependent variable of the analysis, articles published in 2018 and 

onwards were excluded, thus resulting in four years for the articles published in 2017 to gather 

citations. After the final filter, the list was further scrutinized for any duplicate MMs cited by 

authors in multiple articles; a few such articles were removed. 

 

The final list consisted of 339 papers published in 193 journals representing 13 fields (IT 

dominated with 116 papers, followed by engineering with 49 papers). Most papers (222 of the 

339) were published in journals in the upper half (Q1, Quartile 1 and Q2, Quartile 2) of the 

Scimago quality classification. On average, a paper was cited 92 times, and the maximum 

number of citations was 1,880 in Google Scholar.  

 

3.2 Variables and data sources 
 

In terms of the variables to judge journal quality, the SJR, Scimago (Q), and AIS by Clarivate 

Analytics was used. The SJR and AIS are network centrality measures (similar to Google’s 

page rank) that use the number of citations throughout the network of journals in the respective 

databases to determine the importance of each journal which reflects the expected potential 

influence of a paper published in the journal. The SJR and AIS measure the influence of a given 
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journal (factoring in the number of papers published by the journal). There are three major 

differences between the SJR and AIS. 

 
1. The SJR uses Elsevier’s Scopus database with approximately 36,000 journals, 

whereas AIS relies on Clarivate Analytics’ highly selective journal citation reports 

with about 13,000 journals. 

2. The SJR uses a citation window of three years, and the AIS is based on a five-year 

window of citations. 

3. Self-citations up to a certain limit are allowed in SJR, whereas there are no self-

citations in AIS. 

 

The most popular Q classification is performed by Elsevier (which is also a publishing 

company) using the SJR values of journals in a category, which are also determined by the 

publisher. Consequently, a journal can have several Q categories at any given time. It must be 

noted that in this context, Elsevier is ‘wearing two hats’, that is, the company acts as a publisher 

of journals and an indexer of the same set of journals. By contrast, Clarivate does not publish 

journals. Table 2 lists the sources and specific criteria used to collect the data for each of the 

339 articles. 

 

Table 2: Key variables, data sources, and data collection criteria 

 

Variable Source Criterium 

 

SJR 

 

https://www.scimagojr.com 

SJR (publication year): publication year as per the 

reference or the earliest* 

SJR (latest): 2020 

 

Q 

 

https://www.scimagojr.com 

Q (publication year): publication year as per the 

reference or the earliest* 

Q (latest) quartile of 2020 

 
AIS 

http://www.eigenfactor.org AIS of the publication year or, if it was not 

available, the closest to the publication year** 
https://jcr.clarivate.com/ 

Number of 

citations 
https://scholar.google.com 

Number of citations received by the article as of 

31st October 2021 

http://www.scimagojr.com/
http://www.scimagojr.com/
http://www.eigenfactor.org/
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* SJR is available only from 1999 and in some cases, the journal had not been qualified within Scimago. 

** AIS is available only from 1997 and in some cases, the journal had not been qualified within AIS system. 

Note. Q refers to journal quartile. 

 

Google Scholar is a ‘robot’ that scours the Internet and collects every document (without 

checking its ‘pedigree’) that cites a paper. Scopus and Web of Science rely on human judgment to 

determine the inclusion list of journals in the searched databases. Given how these searches are 

set up, Google Scholar citations far outnumber those of the other two, with Scopus being a 

distant second. Collecting citations from all three sources was beyond our capacity; however, 

as an illustration, we examined the top 10 papers with the most citations in Google Scholar and 

compared them with those in Scopus and Web of Science (see Figures 1 and 2). In each 

scatterplot, a 95% bivariate normal density ellipse, regression line, and Pearson correlation 

coefficient are shown. Assuming that each pair of variables has a bivariate normal distribution, 

the ellipses enclose approximately 95% of the points. The narrowness of the ellipse reflects the 

degree of correlation between variables. If the ellipse is fairly round and not diagonally oriented, 

then the variables are uncorrelated. If the ellipse is narrow and diagonally oriented, then the 

variables are correlated. 

 

Somewhat surprisingly, we could not find Web of Science citation data for a 2003 paper in the 

International Journal of Project Management; hence, only nine points are shown in the scatter 

plots. In addition, a 2009 paper in the Springer Journal of Business & Information Systems 

Engineering had 78 citations in Scopus – it seemed to be an outlier – and 401 citations in 

Springer Link. In Figure 1, this outlier lies in the right middle panel of Cites_WoS and 

Cites_Scopus; this is a point close to the horizontal line. In Figure 2, after replacing the Scopus 

citation with the Springer number, this point moves up very close to the regression line. 

 

The Web of Science and Scopus citation numbers show a medium positive correlation, which 

is further strengthened by the mentioned correction. Meanwhile, the Google Scholar and Scopus 

citation numbers show a weak correlation, and, surprisingly, the Google Scholar citations are 

negatively correlated with those of the Web of Science. 
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Figure 1: Scatterplot matrix of citations in Google Scholar (Cites_GS), Scopus (Cites_Scopus), 

and Web of Science (Cites_WoS) 
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Figure 2: Scatterplot matrix of citations in Google Scholar (Cites_GS), Scopus 

(Cites_Scopus), and Web of Science (Cites_WoS) – corrected data 
 

 
Note. See the text for explanation. 

3.3 Methods  

3.3.1. Data preparation 

Additional parameters were added to the data worksheet to generate meaningful descriptive and 

inferential insights.  

1. Journal category: Most journals are tagged with multiple categories within Scimago, and the 

number of categories can be diverse and uneven. Hence, we studied the scope description of 

each journal (available on the journal website) and assigned it to a single category (e.g., IT, 

sustainability, and project management). 

2. Net SJR: This is the difference between each journal’s SJR in its publication year and its SJR 

in 2020. The value shows whether the SJR value has changed since article's publication. The 
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average net SJR was used in the analysis when a single journal published multiple MM 

articles in different years.  

3. Delta Q: This is the difference between the Q categories in the publication year and in 2020. 

This value shows whether the journal has moved between quartiles since the publication of 

the MM article. 

4. Q1 and Q2 deciles: Given the size of the business journals listed in Scimago, Q classification 

could be too broad to make a correct judgment. Hence, the top two quartiles (Q1 and Q2) of 

all business journals within Scimago were further split into deciles within each Q. For 

example, if a journal was given the value Q1-1, that journal would be in the first 10% of 

ranked journals within the Q1 journals; if a journal was given the value Q2-2, that journal 

would be in the second 10% of ranked journals within the Q2 journals. This classification 

helps to break the list of journals into ranked volumes that can be more meaningful than 

taking the Q classification because of the sheer size of business journals listed within 

Scimago.  

3.3.2. Data analysis techniques 

Descriptive statistical charts are used for the prepared data (see 2.3.1. Data preparation) to gain 

insights into the subject of RQs 1–3. To answer RQ4, partitioning models (decision trees, 

bootstrap forests, and boosted trees) are employed. 

 

4. ANALYSIS 

 

This section is organized on the basis of the research questions.  

RQ1: How has the number of MM articles published across SJR quartiles changed over the 

years? 

 

Figure 3 shows the distribution of the volume of MM articles across different years from 1973 

to 2017, with each bar split into the composition of quartiles to which the respective journals 

belong. The gradual growth in volume began in 2005, with 2016 marking the year with the 

highest number of MM articles published. However, the journals of Q1 started increasing in 

volume in 2008, and since 2014 it has shown a possible declining trend; in Q2 and Q3, their 

volume has increased at a higher rate, thus creating an overall growth in volume.  
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Figure 3. Number of MM articles published in each year within each quartile 

 

Figure 4: Delta number of MM articles from the preceding year  

 

RQ2: How are published MM articles distributed across different journal categories?  

 

Figure 5 shows the distribution of the volume of MM articles across journal categories (for the 

description, see 2.3.1. Data preparation), with the volumes within each quartile stacked. IT 

journals are dominantly publishing MM articles along with engineering, operations/supply 

chain management (SCM), sustainability, general business, and project management journals, 

together amounting to 80% (271 out of 339). It is also clear that journals within all four quartiles 

within the top journal categories have published MMs.  
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Figure 5: Number of MM articles distributed within journal categories and quartiles, 1973–

2017 

//  

Note. SCM: supply chain management. 

RQ3: What is the distribution of MM articles across journals and how are these journals ranked? 

 

Figure 6 shows the number of MM articles distributed across journals which published three or 

more MM articles from 1973 to 2017. Each bar represents a journal and the number of published 

MMs within each quartile. The average net SJR (explained in 2.3.1. Data preparation) is the 

average of the net SJR values of the publication years of each MM article (and denotes the 

average movement of the journal within its Scimago ranking). The Software Quality Journal 

leads the publication of MM articles relative to other journals. However, it is noticeable that 

this journal did so whilst being a Q4 journal, and it has a high negative average net SJR, 

indicating that during the study period, the journal had mostly lost its ranking. Almost all the 

other journals show positive average net SJR values, demonstrating a growing ranking during 

the period in which they published MM articles.  
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Figure 6. Top journals that published three or more MM articles and their movement in SJR, 

1973–2017 

 

 

Providing further insights into RQ3, Figure 7 shows the percentages of journals that published 

MM articles within each decile in the Q1 and Q2 ranks (explained in 2.3.1. Data preparation). 

In each of the deciles within Q1 and Q2, the majority of the journals (the lowest slightly below 

70% in Q1-10, and the highest was 100% in Q1-1) did not publish any MM articles. On average, 

82% of the journals did not publish any MM articles, which means that only 18% of the top 

50% journals (Q1 and Q2) published MM articles (standard deviation = 8%).  
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Figure 7: The proportion of journals within each decile in Q1 and Q2, which have published 

MM articles, 1973–2017 

 

RQ4: Does publishing in higher-ranked journals result in more citations? 

 

To understand whether ‘it is better to publish MM articles within specific deciles within the 

zone of Q1 and Q2 from a citation point of view’, Figures 8 and 9 show two panels. Figure 8 

indicates the volumes of MM articles published within each decile for both Q1 and Q2 journals 

and the average number of citations that each MM article has attracted since its publication. 

The dotted plot in Figure 9 illustrates the correlation between the two variables. Three specific 

zones attract more MM articles (Q1-2; Q1-10 and Q2-1; and Q2-8). The average number of 

citations per MM article follows the trend of the volume of MM articles within the decile. This 

was statistically confirmed in the dot plot chart with a correlation of 0.734.  
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Figure 8. Number of MM articles published within a decile for Q1 and Q2 journals and average 

number of citations per MM article within each decile, 1973–2017 

 

Figure 9. Correlation between number of MM articles published within deciles for Q1 and Q2 

journals and average number of citations per MM article within deciles, 1973–2017 

 

 

 

0.0

50.0

100.0

150.0

200.0

250.0

0 10 20 30 40

A
ve

ra
ge

 n
um

be
r 

of
 c

it
at

io
ns

 p
er

 M
M

 a
rt

ic
le

 w
it

hi
n 

de
ci

le
s 

Number of MM articles published within deciles of Q1/Q2 journals

Correlation: 0.734 



                                             

39 

 

Figure 10 presents a partitioning (or decision tree) model. The regression tree1 shows the 

number of citations as a response variable and various journal quality measures (AIS, SJR 

numbers, and the Q classification of the journals at the time of publication) and the year of 

publication showing the elapsed time as predictors. The response variable is continuous (hence, 

it is a regression tree) and so are some of the predictors. The Q classification is 

categorical/ordinal. Missing values (only 210 out of 339 papers were published in journals with 

AIS values at the time of publication) were handled as ‘informative missing values’. With this 

option, observations for continuous variables with missing values are first considered to be at 

the low end of the split for each possible split evaluated. Then, they are assumed to be at the 

high end of the split for each possible split. A split with the best LogWorth2 was selected. 

 

Once the missing observations are put into one of the sides, they remain there for further splits 

on that factor. An alternative to ‘informative missing’ is to use imputation: observations with 

missing values are randomly assigned to one side of the split. With this dataset, both approaches 

were tried, but as expected, using information from the missing values, ‘informative missing’, 

produced a better fitting model. 

 

The Q classification is an ordinal scaled variable; herein, we opted to not use the ‘ordinal 

restricts order’ option allowing unordered splits on this variable. 

 

A total of 110 papers (30% of the observations) were randomly selected and placed in a 

validation set; 229 papers served as the training set. This cross-validation approach guards 

against creating an overly complex model (overfitting a model) that would not perform well 

when applied to new data. With cross-validation, we built a model on the training set and then 

applied the same model to the validation set to evaluate its performance. After 10 splits, the 

model had an R2 value of 0.188 for the training set and 0.044 for the validation set. Ten was the 

number of splits that maximized the R2 for both the training and validation sets. 

 

The first split was observed at an AIS value of 0.853 of the journals. If a journal had an AIS 

value equal to or greater than 0.853, the predicted average number of citations (in Google 

 
1 JMP® Pro 16.2.0 was used for all subsequent analyses; for technical details, please see Grayson–Gardner–Stephens [2015]. 
2 LogWorth is the adjusted p-value transformed to a log scale: −log10 (adjusted p-value). The bigger the LogWorth value, the better the 

split is.  
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Scholar) was 273. When we examined the importance of the predictors, the variables that 

contributed the most to the predictive model were led by the AIS quality measure of journals, 

followed by the number of years since publication and the SJR measure of the journal. The Q 

category of the journal and the journal category (such as IT or engineering) did not matter much 

in collecting citations.  

 

Figure 10: Regression tree with the number of citations as response 
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Decision tree models can be enhanced in two ways: bagging and boosting. Bootstrap 

aggregation or bagging can be used to average bootstrap samples drawn from data. Bootstrap 

samples are samples of the same size as the original data but are drawn with replacement (i.e., 

an observation may not be sampled at all or could be sampled several times). The bootstrap 

aggregated model is the average of all models generated from the bootstrap samples. Boosting 

is an additive modeling approach in which a sequence of low-complexity models is built with 

each model successively predicting more of the remaining residual error. To illustrate and check 

the stability of the variable contributions, we used both approaches. (See Figures 11 and 12.) 

Figure 11. Bootstrap forest with the number of citations as response 

 

Figure 12. Boosted tree with the number of citations as response 
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The important takeaway seems to be that the AIS of the journal and the publication year (in 

other words, the number of years a paper was available) are the two most important 

determinants (55-68%) of a paper’s impact. 

 

5. DISCUSSION 

RQ1: How has the number of MM articles published across SJR quartiles changed over the 

years?  

 

Since 2005, the number of published MM articles has increased; this finding is consistent with 

those of Wendler (2012), Santos-Neto & Costa (2019), and Monteiro & Maciel (2020). 

However, our analysis also shows that higher-ranked journals (Q1) do not immediately respond 

to growth, increasing only in 2008. Since 2014, Q1 journals have been on a declining trend 

possibly because of the realization of the need for MMs as a scientific instrument requiring 

more rigor. Nevertheless, the reception of MMs within other quartiles is increasing. A new 

study covering the latest data is needed to test whether this trend has continued since 2018.  

RQ2: How are published MM articles distributed across different journal categories?  

 

Consistent with the findings of Santos-Neto & Costa (2019), our findings show that IT journals 

dominate the publication of MM articles. Additionally, our analysis indicates that IT journals 

across all quartiles are receptive to MMs. It will be interesting for future research to perform an 

in-depth analysis to determine whether the quality of MMs published across different quartiles 

of IT journals differs with the set criteria. Engineering and operations/SCM journals form the 

second tier in terms of receptiveness towards MMs. However, proportionately fewer Q4 

journals within these two categories have attracted MMs. Capability domains within finance 

are a potential opportunity for MMs to penetrate as currently only a very few finance journals 

have published MMs (given the high volume of finance journals).  

RQ3: What is the distribution of MM articles across journals and how are these journals 

ranked?  

 

There is no journal that publishes a high volume of MMs other than the Software Quality 

Journal (17 MM articles in total), and only six journals have published more than five MMs. 
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This indicates a high level of spread (339 MM articles across 193 journals) and implies that 

MMs still have the potential to grow in number. Although the criticism over the rigor of MMs 

is intense, it is not visible in the analysis that only lower-ranked journals favor MMs. 

Furthermore, the average net SJR over the period indicates that most of the journals increase 

their ranking during the period in which they publish MMs.  

 

Amongst the top 50% of business journals listed within Scimago, only 18% published MMs 

from 1973 to 2017. Although the number of published MMs has been on the rise since 2008, 

they have not yet evolved to become a fully accepted measurement instrument to gauge 

organizational capabilities. Different ranking groups (deciles within Q1 and Q2) have published 

different numbers of MMs, and it appears that publishing within deciles with higher volumes 

of MMs attracts a higher average number of citations. However, no MM has been published in 

any of the top decile journals within Q1. This creates an opportunity to understand what it takes 

to publish an MM in a journal that belongs to the top 10% of Q1 journals (top 2.5% of all 

business journals).  

RQ4: Does publishing in higher-ranked journals result in more citations?  

 

Results from various partitioning models (regression tree, bootstrap forest, boosted tree) 

confirm what seems to have been the generally accepted anecdotal evidence: publishing in top 

journals will have the greatest impact, and the AIS measure of journal quality seems to be a 

good predictor.  

 

6. CONCLUSION 

 

This review is based on an analysis of 339 MM papers published in 193 journals between 1973 

and 2017. It presents a descriptive analysis providing multiple insights into the distribution of 

volumes of MM articles published across journal categories and journal ranks. Further, it 

explores possible answers to the question ‘where to publish to achieve the maximum impact’ 

using inferential statistics. Although MMs have been heavily criticized for their rigor, related 

articles have been published somewhat evenly across all journal ranking levels. The top-ranked 

journals have not been interested in MM articles, and there might be a trend amongst the top 

journals to publish fewer MM articles; this topic requires further investigation. Only 18% of 
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the top 50% ranked journals have published MM articles, and only six journal categories 

account for the publication of 80% of MM articles. This indicates the potential of MMs to grow 

as a credible measurement instrument. There is a high chance of attracting more citations when 

an MM article is published in higher-ranked journals and in journal rank deciles that have 

already published high volumes of MM articles.  

 

We can only speculate that replacing Google Scholar citation data (a noisy measure) with Web 

of Science citations will strengthen the message of ‘publishing in top journals’. 
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RESEARCH PAPER 2 

 

Why are maturity models so juvenile? A critical review based on a new 

evaluation framework 

 

Abstract 

Maturity models (MMs) are descriptive stage-wise characterizations of the premise that 

improved maturity in organizational capabilities leads to improvements in desired outcomes. 

Since the 1990s, the appearance of new MMs has been rapidly increasing both in volume and 

breadth. However, critics claim that most MMs have not been empirically tested for their ‘fit-

for-purpose’ (delivering desired outcomes) and they lack methodological rigor in their 

construction. This paper critically reviews fundamental theoretical issues with MMs, addresses 

them by providing in-depth theoretical grounding, and introduces a new MM evaluation 

framework. The framework consists of OVRGP design principles (opportunity, validity, 

reliability, generalizability, and process integrity) and their underlying requirements to be 

fulfilled. The usage of the framework is demonstrated by evaluating three recent MMs 

published in high-ranked journals. We envision that the new framework will increase the 

scientific rigor of future MMs and help them gain much-needed academic and industry 

credibility.  

 

Keywords: Maturity models, evaluation criteria, construct validity, reliability, 

generalizability, design principles. 

 

1. INTRODUCTION 

 

The five-level ‘quality management process maturity grid’ by Crosby (1979) is often credited 

for the inception of MMs. ‘The classification of software development processes’ by Humphrey 

(1988), and ‘the capability maturity model’ (CMM) by Paulk et al. (1993) are widely accepted 

as important turning points in the history of MM research. Since then, a continuously rising 

number of publications with new MMs have been visible within academic journals of various 

scientific fields (Poeppelbuss et al., 2011; Wendler, 2012; Lee et al., 2019). MMs are 

descriptors that provide a stage-wise characterization of capabilities that organizations require 
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to gauge their level of progress (Dekleva & Drehmer, 1997; Holland & Light, 2001; Fraser et 

al., 2002; Subba Rao et al., 2003; Gottschalk, 2009). Such hierarchical characterization is 

beneficial as MMs have the potential to aid performance excellence in many realms of human 

endeavor (Solli-Sæther & Gottschalk, 2010; van Looy et al., 2013). Although within the four 

decades since CMM (Paulk et al., 1993) the number of new MMs published rose sharply, often 

they have been criticized for lacking theoretical rigor and empirical evidence of achieving 

desired outcomes (Poole, 1995; Becker, 2009; Pöppelbuß & Röglinger, 2011, Santos-Neto & 

Costa, 2019; Monteiro & Maciel 2020). Santos-Neto and Costa (2019) claim that out of journal-

published MMs between 1973 and 2018, only 3% have been empirically validated and only 

10% have demonstrated application. Wendler (2012) claims that MMs with proven usefulness 

in the real world are scarce. Wendler (2012), further claims that many MMs have not even 

disclosed the methodological approach taken in their design. If MMs are intended to deliver 

performance excellence (van Looy et al., 2013), this situation is far from ideal for users in both 

academia and industry.  

 

There is a plethora of systematic reviews on MMs (e.g., Poeppelbuss et al., 2011; Wendler, 

2012; Tarhan et al., 2016; Reis et al., 2017; Vallerand et at., 2017; Santos-Neto & Costa, 2019), 

and a few standard MM design processes (e.g., de Bruin et al., 2005; Becker et al., 2009). 

However, there are only a very few studies with design principles and evaluation criteria for 

MMs (Pöppelbuß & Röglinger, 2011; ISO, 2015). Though these studies have contributed useful 

insights, they are not designed to evaluate MMs for their construction rigor and especially 

whether they are fit for purpose. Addressing this critical gap, this paper proposes an ‘MM 

evaluation framework’ built on two fundamental evaluation principles, (1) MMs are built on 

the ‘predictable patterns’ assumption that the higher embeddedness of organizational 

capabilities (Grewal & Slotegraaf, 2007) lead to improved desired outcomes (Kazanjian & 

Drazin, 1989; Gottschalk, 2009) and (2) they should have generalizability in achieving similar 

outcomes within proximal contexts. In the literature review, we explore the current schools of 

thought on MMs focusing on their claimed benefits, theoretical landscape, embedded 

assumptions, conceptual classifications, structural topology, and design processes used. Then 

we explore and expose critical issues of MMs related to their primary purpose, the 

conceptualization of capabilities, validity, alignment of the design process, and specification of 

the measurement model. Addressing these issues, we provide a firmer theoretical grounding for 
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MMs based on relevant multidisciplinary domains of research. Consequently, we introduce the 

new MM evaluation framework consisting of OVRGP principles (opportunity, validity, 

reliability, generalizability, and process integrity), and their underlying criteria needing to be 

satisfied. The application of the new framework is demonstrated by the evaluation of three 

recently published MMs in high-ranked journals. The proposed framework provides a 

comprehensive reference structure to design ‘fit-for-purpose’ MMs as well as to conduct 

systematic evaluations of existing MMs. 

 

2. LITERATURE REVIEW 

 

Pullen (2007, p. 09) defines an MM as “a structured collection of elements that describe the 

characteristics of effective processes at different stages of development”. In addition, MMs also 

suggest points of demarcation between stages and methods of transitioning from one stage of 

maturity to another (Pullen, 2007). Klimko (2001, p. 271) states that the concept of ‘maturing’ 

describes “the development of an entity over time. This entity can be anything of interest: a 

human being, an organizational function, etc.”. However, there is a lack of consensus among 

MM developers on a definition, hence it is necessary to have a deeper look at them from 

different dimensions such as benefits, structure, components, and the fundamental assumptions 

behind their construction (Wendler, 2012).  

 

2.1 Perceived benefits of MMs 

 

Various studies have claimed diverse benefits of MMs, such as helping gauge a company’s 

status quo of its capabilities (Becker et. al., 2009), evaluating organizational capabilities with 

regards to a given problem domain (Rosemann & de Bruin, 2005), promoting collective 

expertise (Cohen & Levinthal, 1990; Killen and Hunt, 2013), supporting self or third-party 

assessment (Iversen et al., 1999), enabling comparison and benchmarking (Domingues et al., 

2016), assessing situations (Vivares et al., 2018),  guiding focus areas for targeting investments 

in developing capabilities (Killen & Hunt, 2013; Vivares et al., 2018), normalizing skills 

deemed for improvement (Domingues et al., 2016), providing a roadmap for continuous 

capability development (Iversen et al., 1999), strategically exploiting both current (Killen & 

Hunt, 2013) and future (March, 1991) capabilities, and demonstrating how a given approach 
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has been evolving to achieve desired results (Santos-Neto & Costa, 2019). In summary, MMs 

offer two different uses: (1) gauging current organizational capability status, and (2) directing 

change towards an improved status of organization capabilities.  

 

2.2 Theoretical landscape and fundamental assumptions 

 

MMs bring together assumptions and concepts from several scientific domains such as 

organizational change theory (Van de Ven & Poole, 1995), the resource-based view of a firm 

(Wernerfelt, 1984), life cycles, and teleological theories of goal formation (Lee & Kim, 2001). 

Assessments in general guide the direction of capabilities, identification of performance gaps, 

and alignment of desirable improvements (Nielsen & Kimberly, 1976). A capability is a 

physical or mental power, or an ability to fulfill specified tasks or goals (Simpson & Weiner, 

1989). Capabilities are increasingly becoming more intangible and knowledge-based, making 

them increasingly complex to assess objectively (Tuttle & Romanowski, 1985). Organizational 

capabilities develop passing stages of maturity (Kohlegger et al., 2009). Over time, deliberate 

attempts at improving them can help achieve consistency at higher levels of performance 

(Schumacher et al., 2016). MMs can consist of different types of organizational capabilities 

such as processes, objects, technologies, or people capabilities (Mettler, 2011). MMs showcase 

typical patterns in the development of these capabilities (Kazanjian & Drazin, 1989; Solli-

Sæther & Gottschalk, 2010) in stages towards a defined perfect stage (Wendler, 2012). 

Fundamentally, MMs are built on the assumption of predictable patterns and imply the 

evolution of organizational capabilities in stages along a definable, desirable, and rational 

maturation path (Kazanjian & Drazin, 1989; Gottschalk, 2009). This assumption is evident 

across many scholarly works exploring the concept of maturity (Van de Ven & Poole, 1995). 

MMs enable the assessment of comparative ranking of subjects that move in a staged path of 

increasingly sophisticated performance levels (Röglinger et al., 2012; Domingues et al., 2016). 

From a cause-and-effect point of view, an MM enables an entity to direct capabilities in a way 

that desired outcomes are consistently achieved (Skulmoski, 2001; Tarhan et al., 2016). In other 

words, MMs assume that a collection of interlinked competencies, knowledge, and skills results 

in higher levels of predictable outcomes (Pekkola et al., 2015). Originating from these diverse 

scientific domains of human endeavor, it can be summarized that MMs in general intend to 
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formalize the improvement path of chosen knowledge, skills, and practices critical to achieving 

desired levels of outcomes.  

 

2.3 Conceptual approaches, structures, and design process of MMs 

 

There are a few conceptual classifications of MMs that can be found in the literature. Some 

studies have attempted to differentiate based on a top-down vs. bottom-up basis. Top-down 

starts by identifying stage definitions, then creating domain components, and adjusting 

measures and their definitions. Whereas in the bottom-up approach, the requirements, and 

measures are developed as the starting point followed by the definition of stages (De Bruin et 

al., 2005). Further, De Bruin et al. (2005) claim that the top-down approach is appropriate in 

new industry segments with little evidence of best practices, and the bottom-up is appropriate 

for well-established segments with evidence of what advanced stages of maturity look like. 

However, a consensus is lacking on this classification and its meaningful application (Solli-

Sæther & Gottschalk, 2010; Anza et al., 2017). Lasrado et al. (2015) identify two world views 

of MMs based on the derivation of content and their motivation: normative MMs, and best 

practice benchmarks. Normative MMs are process-based whereby the assumption is that events 

naturally occur sequentially towards more mature stages. Best practice guides are based on 

actual practices, which are considered best practices, and the organizations are compared 

against each other (Lasrado et al., 2015). Another differentiation between MMs is the life cycle 

perspective vs. the potential performance perspective (McBride, 2010). MMs with a life cycle 

perspective, rooted in Nolan’s data processing model (1979), measure improvement over six 

discrete stages of growth with only the final stage being named ‘Maturity’. Nolan (1979) claims 

that an evolving organization automatically must pass through all the stages due to 

improvements and the learning curve. MMs with a potential performance perspective rooted in 

Crosby’s Quality management maturity grid (1979) define five maturity stages with the last 

being tagged as ‘certainty’ representing the perfectly matured stage. Crosby (1979) argues that 

it is at the discretion of the user to decide the desirability of the next stage of maturity based on 

its performance potential. Most models use the performance perspective as the core rationale 

of their MMs (Wendler, 2012). Another commonly cited classification is the ‘prescriptive vs. 

descriptive’ differentiation. Descriptive MMs describe stage definitions of capability levels 

used to assess the status quo (Becker et al., 2009; Maier et al., 2009; Pöppelbuß, 2011). Whereas 
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prescriptive MMs on top of their stage definitions provide improvement measures to move to 

higher maturity levels (Becker et al., 2009; Maier et al., 2009). 

 

The general structure of an MM at the highest level contains the umbrella level capability which 

is then broken down to domain components. Domain components are then split into indicators, 

which are used to rate the level of capability maturity. Stage definitions provide the criteria to 

assign ratings for the indicators. The stage definitions should be sequential, representing a 

hierarchical progression (Gottschalk & Solli‐Sæther, 2009). The model requires criteria for the 

measured conditions (Lyytinen, 1991), and these specifications are well reflected in the 

definition by (Becker et al., 2009, p. 214): ‘‘A maturity model consists of a sequence of maturity 

levels for a class of objects. It represents an anticipated, desired, or typical evolution path of 

these objects shaped as discrete stages. Typically, these objects are organizations or processes.’’ 

 

The construction rationale of the stages assumes predictable patterns of evolution, and change 

(Kazanjian & Drazin, 1989). These stages together constitute the anticipated path from the 

starting point towards maturity (Kazanjian & Drazin, 1989; Becker et al., 2009; Gottschalk, 

2009). Every stage from the lowest to the highest level of maturity holds an inherent degree of 

effectiveness and self-evident value (Kohoutek, 1996). Nolan (1979) proposes measuring over 

six stages with only the last considered the stage of maturity (initiation, contagion, control, 

integration, data administration, and maturity). Crosby (1979) proposes five stages and 

considers each as a stage of maturity where at the last stage, achievement of outcomes is more 

of a certainty (uncertainty, awakening, enlightenment, wisdom, and certainty). The capability 

maturity model (Paulk et al., 1993) measures maturity over five distinct maturity levels (initial, 

managed, defined, quantitatively managed, and optimizing). Most MMs have 3-6 levels 

(Wendler, 2012) with many MMs using generic maturity level definitions of the capability 

maturity model (Paulk et al., 1993) as a rating reference. Some MMs have used their own 

defined stage levels adapted to the specific needs. For example, ‘lean MM for operational level 

planning’ by Maasouman and Demirli (2015) uses 1. understanding, 2. implementation, 3. 

improvement, and 4. sustainability, as stage titles.   

 

Multiple methods of scoring maturity levels are evident in academic literature. Many MMs use 

pre-determined reference criteria to assign the score as a proportion of a maximum value based 



                                             

51 

 

on practices observed in the environment of the subject (Santos-Neto & Costa, 2019). For 

example, ‘ergonomic sustainability based on the ergonomic maturity levels’ by Vidal et al. 

(2012) and ‘knowledge management maturity model’ by Serenko et al. (2016), use this 

approach. Another widely used approach is the use of Likert scales to determine the maturity 

score through a questionnaire; for example, in ‘institutional sustainability of an urban water 

utility maturity model’ by Kayaga et al. (2013). The assignment of indicator weights can also 

be seen in studies, for example in ‘the knowledge management maturity model’ of Hsieh et al. 

(2009). Some MMs have used the multi-criteria analytical hierarchy process (AHP) method to 

assign the weights in forming a global score (e.g., the supply chain management process 

maturity model of Lockamy and McCormack (2004)).  

 

From a design process point of view, steps proposed by de Bruin et al. (2005), and Becker et 

al. (2009) have been used the most. Although these two processes differ in the number of steps, 

they are consistent with common steps widely used in design science research (Mettler, 2011). 

Common design science research process steps are, (1) specification of the unrealized 

improvement opportunity, (2) definition of scope that determines the boundaries, assumptions, 

and characteristics, (3) design of the model that puts the artifacts together to represent the 

construct, (4) evaluating the design, that involves the steps ensuring utility, validity, reliability, 

and generalizability, and (5) reflecting on the evolution, that ensures the maintenance of the 

MM in terms of keeping it updated and revalidated (Mettler, 2011). Design science research is 

used to develop and assess ‘artifacts’ to overcome weaknesses of existing organizational 

capabilities (Hevner et al., 2004). These artifacts combined with assessments constitute the 

outcome of the design science research process (Peffers et al., 2007). In this theoretical context, 

MMs act as reference models (Herbsleb et al., 1997), and the artifacts represent the staged 

evolution path (Becker et al., 2009). As per Wendler (2012), 39% of the MMs used a design 

science research process, however, a vast majority of the MMs have not stated the 

methodological process used in constructing their MMs.  
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3. APPROACH 

 

The literature review in section 2 deeply looked at MMs from dimensions such as benefits, 

structure, components, design process, and the assumptions behind their construction. In this 

section, we briefly describe the approach taken when addressing the research gap introduced in 

section 1 using two research questions.  

 

RQ1: What are the theoretical issues with current MMs? 

 

Critical reviews, systematic reviews, and meta-analyses were explored creating a pool of 

criticism of MMs to answer RQ1. Apart from these categories of studies, further criticism was 

searched for using keywords such as criticism, review, analysis, recommendations, and 

weaknesses of maturity models. Both these searches were carried out in four digital databases 

(Web of Science, Scopus, SpringerLink, and ScienceDirect). The pool of criticism was refined 

by eliminating duplicates and vague items to be able to thematically classify the studies. The 

thematic analysis produced six broad categories of issues which are discussed at length in 

section 4.  

 

RQ2: What criteria should be used to evaluate MMS?  

 

The objective of addressing this RQ is to provide a comprehensive framework with criteria that 

can be used to evaluate MMs. However, while answering RQ1, fundamental theoretical and 

conceptual issues of MMs were identified, and these had to be addressed first. Section 5 is 

dedicated to addressing these issues by providing theoretical grounding for MMs. Most criteria 

for evaluating MMs emerged from section 5. However, to ensure that the framework is 

comprehensive, further criteria were searched for using keywords such as ‘criteria for 

measurement models’, ‘formative index construction’, ‘measuring organizational constructs’, 

and ‘criteria in evaluating maturity models’. The combined list of criteria was grouped based 

on common themes and specific criteria to be satisfied under each theme were identified. 

Answering RQ2, the themes and criteria were consolidated within a proposed framework 

presented in section 6. Further in section 6, to demonstrate the use of the new framework with 

its underneath criteria, three recent MMs from high-ranked journals are evaluated.  
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4. ISSUES WITH MATURITY MODELS  

 

This section answers the RQ1 “What are the theoretical issues with current MMs?”.  

 

There is an intuitive appeal in developing MMs and cognitively confirming that they are useful. 

However, studies attempting to highlight their rigor, validity, and usefulness concerning 

intended objectives with real-life evidence are scarce (Tarhan et al., 2016). As empirically 

useful MMs are scarce, the question arises whether the high quantity of MMs goes along with 

high quality (Pöppelbuß & Röglinger, 2011). In a systematic review of MMs, Monteiro and 

Maciel (2020) claim that by far most of the MMs have been published in conference 

proceedings and this could probably be due to their weak methodological rigor. We analyzed 

331 MMs published between 1979 and 2018 to gauge if there is an obvious pattern in the 

publication of MMs in lower-ranked journals. Though MMs have been bombarded with 

criticism over their lack of theoretical rigor, interestingly we don’t find papers with MM being 

concentrated among lower quartile journals (Figure 1). We further notice that only a few MMs 

have been able to attract a considerably higher number of citations (with CMM of Paulk et al., 

(1993) being the obvious outlier), hinting (though not conclusively) that many scholars have 

been busy developing new MMs instead of using them as instruments for further research.  

 

 

 

 

 

 

 

 

 

 

 

 

 



                                             

54 

 

Figure 1: Ranking and citation numbers of MMs published (1973 – 2018) in Scimago-listed 

journals  

 

 

4.1 Clarity over the primary purpose of MMs 

 

As mentioned earlier, MMs have been associated with delivering diverse benefits to enterprises. 

MMs are not silver bullets, but the excessive range of benefits they claim to deliver purely 

based on cognitive grounds can make it difficult to evaluate them based on strict criteria. We 

find most studies have not specified the primary outcomes expected from deploying their MMs. 

The scientific consequences of such a gap are multiple. It makes it difficult to hold an MM 

accountable for its construct validity due to missing outcome variables or due to the presence 

of vague claims such as they contribute to a systematic development of the organization, general 

skills, processes, structures, or conditions (Blondiau et al., 2016). Further, MMs become 

magnets for criticism against debatable criteria such as ‘MMs do not specify how to move 

between stages’ (e.g., Day & Lutteroth, 2011; Röglinger et al., 2012; Proença & Borbinha, 

2016). And finally, they can be vulnerable to studies that contest the benefits of MMs purely 

based on the opinions of the authors (e.g., Mullaly, 2014; Buckle, 2018).  
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4.2 Clarity over the nature of the capabilities  

 

As mentioned, MMs are criticized for not providing clarity on movement between maturity 

stages, and this raises a question on the nature of the capabilities MMs should deal with. 

Maturity stages consist of combinations of capabilities such as processes, technologies, and 

people capabilities (Mettler, 2011). Clarity is needed if MMs should be designed with both 

status-quo capabilities as well as capabilities needed to move from lower maturity stages to 

higher stages. In other words, the question ‘should an MM include both dynamic and 

operational capabilities?’, needs to be answered. Dynamic capabilities help an organization to 

reconfigure and change, whereas operational capabilities constitute its status quo in operation 

(Winter, 2003).  

 

4.3 Lack of studies with validated MMs 

 

Wendler (2012) reveals that the number of validated MMs is very low. This is assumed to be 

the reason why MMs that had been useful in the real world are scarce (Wendler, 2012). The 

lack of validation of MMs had been further confirmed in later studies by Blondiau et al. (2016), 

and Santos-Neto and Costa (2019). Santos-Neto and Costa (2019) found that out of 409 selected 

journal-published MMs between 1973 and 2018, only 3% have been validated and only 10% 

have demonstrated application. We studied each of the papers that constitute this 3% from the 

review by Santos-Neto and Costa (2019) to understand the types of empirical validation the 

MMs have performed. These MMs that claimed to be validated reveal different interpretations 

of the concept of validation. For example, the industrial requirements engineering process MM 

by Sommerville and Ransom (2005), observes improvement in business measures with growing 

maturity, but the association is not statistically proven. Svahnberg et al. (2012) validate their 

universal requirements engineering process MM through opinions of those who have 

implemented it, based on whether ‘the model had helped improvements’. De Beer et al. (2017) 

prove that maturity in technology transfer offices improves sharing of best practices. Though 

these studies have demonstrated some positive impact of increasing maturity towards measured 

outcomes, they have not established any statistical correlation between incremental maturity 

with incremental outcome measures. In other words, no empirical construct validity is 

established. Ryu et al. (2006) is a rare exception to this. Using longitudinal data, they 
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statistically prove that increasing maturity in data quality management leads to improved 

quality of data. It is also observable among studies that the validity has been claimed, but the 

maturity has been measured only once without proving any association with the desired 

business outcomes (e.g., digital transformation maturity by Gökalp & Martinez, 2021; Industry 

4.0 maturity by Wagire et al., 2020; IT governance maturity by Dutta et al., 2022).  

 

4.4 Not using an MM construction methodology/process 

 

There are several studies proposing a step-by-step approach to designing an MM (e.g., van 

Steenbergen, 2003; Hevner et al., 2004; De Bruin et al., 2005; Becker et al., 2009). Most of 

these approaches have acquired their theoretical base from design science research 

(Schumacher et al., 2016). Alarmingly, many systematic reviews reveal that a large proportion 

of MMs have failed to follow any of these approaches, and many have not even disclosed the 

methodological approach taken in designing their MMs (Wendler, 2012; Röglinger et al., 2012; 

Santos-Neto & Costa, 2019). In addition, non-reflective adoption of the CMM blueprint and 

assuming it to be a generalizable template is common (Iversen et al., 1999; Becker et al., 2009). 

The research design of developing a new MM should have a clear, rigorous process and it 

should be continuously improved throughout the research life cycle (Sankaran, 2017).  

 

4.5 Missing specification or misspecification of the measurement model 

 

MMs are measurement models, and they measure capability indicators at different maturity 

levels within a hierarchical structure. Studies introducing MMs have rarely specified the choice 

of measurement model deployed with very few exceptions, for example, information system 

MM by Suh et al. (2017), and measurement of digital maturity by Rossmann (2018). Both of 

these studies have compared, contrasted, and justified their choice of a formative measurement 

model as opposed to a reflective model. Criticism over neglecting model specification within 

organizational studies is prevalent (Diamantopoulos & Winklhofer, 2001; Jarvis et al., 2003). 

Misspecification of the measurement model leads to critical mistakes such as parameter bias 

due to reversed causality, incorrect item purification, and errors in fit statistics (Diamantopoulos 

et al., 2008). Most studies adapt scale development procedures without even questioning their 

suitability for the specific construct (Diamantopoulos et al., 2008) and this is common within 
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MM studies as well (e.g., the lean maturity model of Maasouman and Demirli (2015)). The 

inherent characteristics of the construct capability maturity should be looked at through criteria 

that differentiate formative and reflective models and appropriate guidelines should be used 

when developing MMs.  

 

4.6 Miscellaneous criticism  

 

MMs have been criticized for being rigid, providing a strict step-by-step recipe (King and 

Kraemer, 1984; McCormack et al., 2009), and suggesting improvements accompanied by 

extensive bureaucracy (Herbsleb et al., 1997). MMs are also widely criticized for over-

simplification, lacking empirical foundation, being vague in details (Benbasat et al., 1984; 

McCormack et al., 2009; Pöppelbuß et al., 2011), and failing to meet user expectations (Buckle, 

2018). Though these arguments may have been true with some of the MMs, they were mostly 

opinion-based and not based on user surveys or any other credible empirical evidence. When 

only 3% of the MMs are empirically validated (Santos-Neto & Costa, 2019), it is unlikely to 

find validated criticism based on empirical evidence.  

 

5. PROVIDING THEORETICAL GROUNDING FOR FUTURE MMs 

 

Section 4 justifies the need for credible theoretical grounding for the evaluation of MMs. This 

has been repetitively emphasized by studies from different eras (e.g., Poole, 1995; Becker, 

2009; Santos-Neto & Costa, 2019). However, this critical gap within the scholarly world of 

MMs is yet to be closed. An effective assessment model should be based on a strong conceptual 

framework derived from traceable principles of credible practices (Chiesa et al., 1996).    

 

5.1 Organizational capabilities and maturity 

 

MMs claiming to address capability maturity, unfortunately, do not present a well-developed 

characterization of the construct (Röglinger et al., 2012) and the construct is either not defined 

or seldom defined explicitly (Proença & Borbinha, 2016). In addition, the lack of conceptual 

discussions on the answer to the question, ‘maturity of what?’ is noticeable. Maier et al. (2012) 

expose processes, organization, project management, and organizational capabilities as the four 
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dimensions of capabilities commonly identified as targets of maturity. However, many 

organizational capability theorists consider organizational capabilities to be the umbrella level 

construct under which other dimensions fall (Grant, 1996; Jacobides, 2006). Grant (1996, p. 

377) defines an organizational capability as the “ability to perform repeatedly a productive task 

which relates either directly or indirectly to a firm’s capacity for creating value through 

effecting the transformation of inputs into outputs”. Collis (1994) claims these organizational 

capabilities to be ‘socially complex routines’ that help create defined outcomes within an 

enterprise. This leads to the question ‘should the MMs represent all organizational 

capabilities?’. Organizational capabilities literature makes a conceptual differentiation between 

ordinary and dynamic capabilities (e.g., Eisenhardt & Martin, 2000). Ordinary capabilities (also 

known as operational capabilities) are represented by the enterprise’s status-quo capabilities 

that help to operate at the existing level of performance, whereas dynamic capabilities enable a 

firm to change/transform to a higher performance level (Zollo & Winter, 2002; Winter, 2003). 

In other words, dynamic capabilities modify the ordinary capabilities to reach a higher value 

creation ability within the enterprise in each capability domain (Laaksonen & Peltoniemi, 2018; 

Eisenhardt & Martin, 2000). This differentiation is directly aligned with the earlier mentioned 

conceptual question of whether an MM should be descriptive or prescriptive. Descriptive MMs 

define different hierarchical maturity stages of ordinary capabilities while prescriptive MMs on 

the other hand prescribe the necessary configurations of dynamic capabilities that require 

moving to higher levels of ordinary capabilities (i.e., higher maturity stages). We argue that the 

scope of an MM should be the ordinary capabilities where it shows descriptions of capability 

criteria to be met at different maturity stages and the prescriptive function should be optional. 

The incorporation of dynamic capabilities can dilute the rigor of an MM. Different enterprises 

can opt for different approaches in using dynamic capabilities. Some may use continuous 

improvement approaches, and some may use transformational approaches skipping levels in 

between. Further, dynamic capabilities help an enterprise reach a higher level of ordinary 

capability. However, it is the given ordinary capability level that determines the corresponding 

performance level. Therefore, having both capabilities active simultaneously within an 

investigation model makes it difficult to evaluate an MM for its validity. Hence, we propose 

the descriptive function of an MM to be treated as the core and built within the measurement 

model while the prescriptions should be based on the assessment performed using the MM. 

Tarhan at el. (2016) confirm that most of the existing MMs use a descriptive approach as 
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opposed to a prescriptive approach. Figure 2 graphically shows the role of capability types we 

propose when designing MMs. 

 

Figure 2: Proposed capability scope for MMs. 

 

 

Given the clarity over the role of each type of organizational capability, the concept of 

organizational capability maturity could be defined with more precision. A higher matured state 

of organizational capability is demonstrated by “tightly defined, repeatable, and predictable 

processes [that] directly contribute” to capable behavior (Pasian et al., 2012, p. 147). Monteiro 

et al. (2020) claim that maturity could be interpreted as a stage or a condition that is explicitly 

defined, managed, measured, and controlled within a particular domain or enterprise discipline. 

Further, Grewal and Slotegraaf (2007) claim that a higher level of maturity has higher degrees 

of capability embeddedness within the structural, social, and cultural aspects of the firm. Given 

the conceptual clarity provided so far within the paper, we define organizational capability 

maturity as “a defined level of embeddedness of an organizational capability that may consist 

of specific structures, processes, skills, technologies, and ways of working that enable a 

corresponding level of performance of a defined outcome(s)”.  
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5.2 Clarity on the purpose of MMs 

 

MMs are designed on the premise that successful performance is the result of effectively applied 

knowledge, skills, and behaviors in tightly defined, repeatable and predictable routines (Walker 

& Pitts, 1998; Pasian et al., 2012). In line with how we defined capability maturity earlier; we 

argue that the primary purpose of an MM is “to clearly establish hierarchically arranged stage 

descriptions of a capability leading to incremental performance of the desired outcome(s)”. 

This notion demands a few criteria that an MM should adhere to, i.e., an MM should clearly 

specify the desired benefits out of the model’s deployment, and these benefits should be 

converted into measurable outcomes (de Bruin et al., 2005; Santos-Neto & Costa, 2019). Such 

specification helps define the content boundaries of an MM and establish the cause-and-effect 

relationship between maturity and performance. Further, we argue that the methodological rigor 

of the design process used by any MM should be assessed against the primary purpose of an 

MM. In other words, answering the question, ‘does the design process meets the criteria set for 

an MM to achieve its primary purpose?’. We further argue that the design of an MM is not a 

one-time exercise, and it should be continuously tested for construct validity with longitudinal 

data and refined to achieve higher levels of predictability. In this way, an MM can be kept 

continuously valid, generalizable, and less vulnerable to opinionated criticism.  

 

5.3 Specification of the measurement model 

 

Capability maturity is an abstract latent construct and is measured using assessment results of 

representative indicators (Jung & Goldenson, 2007). Latent constructs are “phenomena of 

theoretical interest which cannot be directly observed and have to be assessed by manifest 

measures which are observable” (Diamantopoulos et al., 2008, p. 1205). We argue that 

capability maturity is a latent construct, and MMs should follow the structure of a multi-

dimensional, multi-order formative index measurement model. Formative measurement models 

are appropriate when “a concept becomes its measure and has no meaning beyond that measure 

… entire meaning of a theoretical concept is assigned to its measurement and any theoretical 

concept has one and only one measurement” (Bagozzi, 1982, p. 15). In other words, the 

direction of causality is from indicator measures toward the latent construct (Diamantopoulos 

& Winklhofer, 2001), the measures produce the latent construct (Fornell & Bookstein, 1982; 
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Bagozzi, 1994) and the completeness of all indicators is necessary for the latent construct to be 

meaningful (Bollen & Lennox, 1991). In contrast, when it comes to reflective measures, the 

direction of causality is from the latent construct toward the measures (Diamantopoulos & 

Winklhofer, 2001) where the “underlying factors give rise to something that is observed” 

(Fornell & Bookstein, 1982, p. 292). Indicator completeness does not cause issues in reflective 

models as it does not alter the nature of the construct and when the latent construct changes, it 

impacts all the indicators (Bollen & Lennox, 1991). Maturity as a latent construct on its own is 

not observable and it requires observable indicators for assessment that gives the rise to the 

construct. Completeness of the full set of capability indicators is important for maturity to be 

achieved, hence elimination of any indicator can dilute the causality between the level of 

maturity and desired outcomes. Improvement in maturity does not affect changes in all the 

indicators, instead, improvements in some indicators can increase the maturity of the capability, 

and it is not a requirement for all the indicators to change at once for the umbrella level construct 

(maturity) to be changed. Hence, we argue that capability maturity is a latent construct in which 

the measurement should be done using a formative measurement model.  The maturity of 

organizational capabilities is a multidimensional construct that breaks down into domain 

components and is represented by measurable indicators (Fraser et al., 2002; Bruin et al., 2005). 

Often, constructs are operationalized as multidimensional entities (Venaik et al., 2004; Brewer, 

2007) consisting of multiple interrelated attributes in multidimensional domains 

(Diamantopoulos et al., 2008).  

 

Guidance on formative index construction is not common compared to scale development 

(Spector, 1992). Diamantopoulos and Winklhofer (2001) have introduced four theoretical 

criteria to be satisfied when constructing formative indexes and they have been widely used by 

many studies since then. First, ‘content specification’ is the specification of the scope of the 

construct. Formative constructs are abstract, and the breadth of definitions is important for 

completeness (Bagozzi, 1994); exclusion of components results in an incomplete representation 

of the construct (Nunnally & Bernstein, 1994; Diamantopoulos & Winklhofer, 2001). Second, 

‘indicator specification’ is fulfilled when the identified indicators cover the full breadth of the 

specified content in the first criteria (Bollen & Lennox, 1991; Diamantopoulos & Winklhofer, 

2001). Third, testing for ‘indicator collinearity’; if there is excessive collinearity among 

indicators, it can create instability in indicator coefficients, hence the risk needs elimination 
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(Diamantopoulos & Winklhofer, 2001). Scholars generally achieve this by eliminating 

indicators with high correlation based on the variance inflation factor (VIF) (Diamantopoulos 

& Siguaw, 2006). However, Bollen and Lennox (1991), argue that such elimination purely 

based on statistical grounds can dilute the meaning of the construct. Organizational capabilities 

work in synergies within organizational systems (Sunder & Ganesh, 2020) and are bound to 

have degrees of unavoidable collinearity. Hence, the elimination of indicators can disrupt the 

desired impact from these capability synergies. Fourth, ‘external validity’, implies a strong 

relation of indicators to the focal latent construct (Bagozzi, 1994; Diamantopoulos & 

Winklhofer, 2001). Due to the direction of causality toward an abstract latent construct (in this 

case ‘maturity’), the very nature of formative measures makes measuring ‘internal consistency’ 

inappropriate when assessing the suitability of indicators (Bagozzi, 1994). However, for the 

model to be valid, there should be a theoretical sense for including each indicator within a model 

(Spector, 1992) and indeed, “the best we can do ... is to examine how well the index relates to 

measures of other variables” (Bagozzi, 1994, p. 333). To meet this criterion, Diamantopoulos 

and Winklhofer (2001) suggest using the multiple indicators and multiple causes (MIMIC) 

model. A MIMIC model allows the establishment of external criterion variables that the 

indicators are meant to be related to (Hauser & Goldberger, 1971; Jöreskog & Goldberger, 

1975). Earlier we have justified the need to have specified outcome variables for an MM and 

we find this justification consistent with the argument of Diamantopoulos and Winklhofer 

(2001) from a formative index construction point of view. Figure 3 shows the full depiction of 

a MIMIC formative model adapted to fit within a hypothetical MM structure.  
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Figure 3: Depiction of an MM within a formative MIMIC measurement model.  

 

 

Figure 3 depicts a multi-dimensional, multi-order formative index measurement model. In the 

first order, the umbrella level maturity capability is achieved through four domain components 

(Ƞ1 + Ƞ2 + Ƞ3 + Ƞ4), and in the second order, each first-order domain component (level 2 

capability) is achieved through several domain components (e.g., Ƞ1 = Ƞ11 + Ƞ12 + Ƞ13) and Ƞ3 

does not have any domain component underneath. Each domain component is represented by 

indicators (e.g., x111 to x115 for Ƞ11) which are the items measured in a maturity assessment 

exercise based on pre-defined criteria (e.g., generic stage definitions). Formula (1) below shows 

the formal specification of a formative model (Diamantopoulos et al., 2008) where γ𝑖 is a 

parameter reflecting the contribution of indicator xi on the latent variable Ƞ and ζ is a 

disturbance term. The latter comprises all remaining causes of the construct which are not 

represented in the indicators and are not correlated to the latter; thus following the assumption 

that cov(xi,ζ) = 0” (Diamantopoulos et al., 2008, p. 1206). In other words, ζ represents the 

surplus meaning of the latent construct not captured by the xi indicators included in the model 

specification (Jarvis et al., 2003). Formula (2) is the specification for the hypothetical MM 

structure depicted in figure 3 and formula (3) shows the reflective relationship of Ƞ to a specified 

outcome Y, where f is the function, β represents unknown parameters, and e is the error factor.  
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Ƞ = ∑ γ𝑖𝑥𝑖 + 𝑛
𝑖=1  ζ     (1)   

Ƞ = γ111𝑥111+  γ112𝑥112 + … + γ422𝑥423+ ζ  (2) 

𝑌 = 𝑓(Ƞ, 𝛽) +  𝑒𝑖     (3) 

 

Almost all MMs represent multidimensional capability constructs with multiple domain 

components included. For example, the industry 4.0 MM of Wagire et al. (2020) contains seven 

domain components (people and culture, industry 4.0 awareness, organizational strategy, etc.) 

with multiple indicators measured under each, making this a second-order multidimensional 

model. Satisfying the criteria ‘content specification’ and ‘indicator specification’ stated above 

is critical to ensure that the domain components fully represent the umbrella level capability (Ƞ 

= Ƞ1 + Ƞ2 + Ƞ3 + Ƞ4 as per figure 3) and indicators together fully represent the domain component 

(e.g., x111 to x115 for Ƞ11). This means that it is critical to have mutual exclusiveness and 

collective exhaustiveness (MECE) at both the domain component level and indicator level for 

the model to work properly and keep the error factor (ζ) at the lowest. Measurement of 

parameter γ𝑖 (contribution of each xi indicator to its domain component Ƞ) is not common in 

MM studies. Some studies use weights based on expert opinions and/or by applying a fuzzy 

rationale when calculating the overall maturity level Ƞ (e.g., ‘supply chain management process 

MM’ of Lockamy and McCormack (2004)). However, to achieve a high level of accuracy for 

parameter γ𝑖 measures, we argue the need for multiple rounds of empirical measurements with 

acceptable levels of reliability. Achieving a high degree of measurement reliability in a complex 

construct such as capability maturity is vital. In achieving so, we propose a set of criteria. The 

indicators (xi) are to be defined with observable artifacts (Röglinger et al., 2012) in clear 

understandable language (Becker et al., 2000). The stage definitions should include evidence-

based criteria (Pöppelbuß, 2011). The administrative procedures of the instrument should be 

defined clearly (Maier et al., 2012). Finally, repeatability and reproducibility (R&R) should be 

statistically established using grounded tests within a multi-rater exercise. Most importantly, 

we argue that the construct validity of an MM could only be achieved (formula 3) by statistical 

means. It should be proven that the improvements in external outcome variables (Y) have 

resulted due to the improvement in maturity (Ƞ) using longitudinal empirical data.  We 

recommend these criteria be compulsory, as a loosely executed model will not be able to 

differentiate between Ƞ and β (formula 3), hence making it impossible to establish construct 

validity. For example, Sommerville and Ransom (2005) in their ‘engineering requirements 
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assessment MM’ demonstrate improvement in business performance but fail to statistically 

prove that this has been due to the improvement in maturity.  

 

5.4 Generalizability  

 

Generalizability concerns the usefulness of results from one study to a broader group of 

contexts. Generalizability is normally associated with quantitative studies, but the methods of 

achieving generalizability in qualitative studies are well established (Smith, 2017). 

Generalizability has been claimed by many MMs though mostly by proof of application only 

(e.g., Wagire et al., 2020; Gökalp & Martinez, 2021). We argue that measuring maturity alone 

within a different context is not valid proof of generalizability. First, the authors should specify 

the proximal similarity by providing a thick description of the context where the MM could be 

used to achieve desired outcomes (Geertz, 1973; Lincoln & Guba, 1985; Campbell, 1986). On 

one hand, this will help the studies to select the right MM for the context, and on the other, it 

will prevent studies from using MMs outside the context and attracting criticism. Second, the 

true gauge of generalizability of an MM is achieved only when construct validity is proven 

within the defined proximal context (De Bruin et al., 2005). In other words, the MM should 

prove it is ‘fit-for-purpose’ outside the sample enterprises used in the original study. Though 

this should not be a primary design criterion for the initial publication, only when this criterion 

is fulfilled a new MM could claim its acceptability, retrievability, and reusability (De Bruin et 

al., 2005; Mettler et al., 2010).  

 

6. A NEW MATURITY MODEL EVALUATION FRAMEWORK 

 

This section answers RQ2 “What criteria should be used to evaluate MMS?” 

 

After exploring the most critical issues of MMs and addressing them with in-depth theory-based 

suggestions, in this section, we propose our MM evaluation framework. A detailed thematic 

analysis was performed on all the criteria discussed in the previous section and consequently, 

we arrived at five design principles (OVRGP) that answer important conceptual questions.  

 

1. Opportunity – Are there desirable outcomes that the maturing capability intends to achieve? 

2. Validity – Is the MM structurally designed to achieve the desired outcomes?  
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3. Reliability – Can the MM produce consistent measurement results across multiple raters? 

4. Generalizability – In which contexts can the MM be applied to achieve improvements? 

5. Process integrity – Does the chosen design process answer the above questions? 

 

Table 1 lists the specific criteria that we propose an MM should satisfy under OVRGP 

principles. Where the term ‘expert opinion’ is mentioned, the use of grounded methods such as 

the Delphi technique, nominal group technique, case study interviews, and focus groups are 

intended (De Bruin et al., 2005; Kimberlin & Winterstein, 2008). The term ‘full deployment’ 

refers to the use of the instrument within the empirical environment. 

 

Table 1: OVRGP principles and the underlying criteria 

  Criteria descriptions 

1
. 

O
p

p
o
rt

u
n

it
y

 

1
.1

 

Desirability 

The need for an MM within the chosen capability, and the business benefits of maturing 

within that capability should be specified (Mettler, 2010; Pöppelbuß, 2011; Santos-Neto 

& Costa, 2019). The absence of an MM within a given capability domain alone does not 

necessarily constitute ‘desirability’.  

1
.2

 

Scope of the capability domain 

The scope of the capability and its boundaries should be stated and if there are similar 

domains of capabilities, the chosen capability domain should be differentiated (Bruin et 

al., 2005). This criterion enables comparison with results from other similar models 

(Becker et al., 2009) and provides boundaries for content specification (criteria 2.1) and 

indicator specification (criteria 2.2).  
 

1
.3

 

Target group 

The target group refers to the users of the MM (Ahlemann et al., 2005; de Bruin et al., 

2005). The clear specification of the group and the qualifications are important as they 

represent the source of information for assessments (Mettler, 2010).  

1
.4

 

Outcome measures 

Described business benefits in criteria 1.1, should be converted to measurable outcome 

variable(s) (e.g., key performance indicators). These variables become the Ys of the 

MIMIC model (figure 3) and enable eventual testing for construct validity (criteria 2.2 and 

2.3).    
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2
. 

V
al

id
it

y
 

2
.1

 
Content specification 

Content specification, when done correctly, provides the MM with content validity and 

demands for specification, and justification of included domain components. This could be 

achieved using a literature review though no literature review can be fully satisfactory, 

especially within new domains (De Bruin et al., 2005). Hence coupling the literature 

review with expert opinion is recommended (De Bruin et al., 2005; Kimberlin & 

Winterstein, 2008). 

2
.2

 

Indicator specification 

Indicators are the items measured in an MM (xi in figure 3). The indicators specified should 

fully represent the specified domain components in criteria 2.1 (Diamantopoulos & 

Winklhofer, 2001). In addition, these indicators should show either individually or 

collectively (Pekkola et al., 2015) a positive relationship with the specified outcome 

measures in criteria 1.4 (Kimberlin & Winterstein, 2008). Similarly, in the content 

specification, a literature review coupled with an expert opinion could be used. 

2
.3

 

Construct validity 

For an MM to establish construct validity, proof is needed that moving up the hierarchy of 

stage definitions leads to incremental performance in the desired outcome measures. First, 

this should be established theoretically by defining the stage definitions along a path of 

meaningful hierarchical progression (De Bruin et al., 2005). This could be achieved by 

justifying the stage definitions through a literature review coupled with expert opinion. 

Second, external validity should be proven with empirical data to establish that moving up 

along the stages (maturing) is positively correlated to improvements in the desired 

outcomes (Ys figure 3). Statistically sufficient rounds of real-life assessments are required 

to achieve this criterion (Solli-Sæther & Gottschalk, 2010; Tarkan et al., 2016). 

Alternatively, this could be proven by examining a large sample of enterprises and showing 

enterprises with higher maturity levels have higher performance in the given outcome 

variables. We argue that using the opinions of the members of the enterprise to test ‘if the 

MM has helped to improve performance’ is a weak method of measuring construct validity 

due to inherent subjective impressions (Bertrand & Mullainathan, 2001). 
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2
.4

 
Structural integrity 

All components should be mutually exclusive and collectively exhaustive (MECE) (De 

Bruin et al., 2005; Maier et al., 2012). This means all domain components should fully 

represent the construct and each should be mutually exclusive. Indicators representing the 

domain components should fully represent the domain component (criterion 2.2) and each 

indicator should be mutually exclusive. Further, each stage definition should be MECE 

meaning they should cover the full range of known maturity levels and are not overlapping. 

MECE could be ensured by testing domain components, indicators, and stage definitions 

against expert opinion. Lack of MECE could make the inferences irrelevant due to missing 

parts or not being able to isolate effects.  

4
. 

R
el

ia
b

il
it

y
 

3
.1

 

Observability 

Further to criterion 2.2, indicators should be defined with observable artifacts (Crocker & 

Algina, 1986; Röglinger et al., 2012), and this would increase inter-rater reliability 

(criterion 3.5) within a multi-rater exercise and minimize the impact of subjective 

impressions of participants (Bertrand & Mullainathan, 2001).  

3
.2

 

Responsiveness 

Responsiveness provides the instrument the ability to accurately detect changes to the 

construct over time (evolving maturity) (Kimberlin & Winterstein, 2008). To achieve this, 

the stage definitions should be precise, concise, and clear providing the ability to 

discriminate between the levels (Maier et al., 2009; Pöppelbuß, 2011; Maier et al., 2012). 

Stage definitions could be pre-tested against a sample set of evidence to achieve this 

criterion.  

3
.3

 

Language adequacy 

The choice of language used in indicator definitions and maturity stage definitions should 

be understandable to the assessors (internal or external) (Moody & Shanks, 1994; Becker 

et al., 2000). A test of understandability with a sample of assessors prior to full deployment 

could satisfy this criterion.  
 

3
.4

 

Clarity of administrative procedure 

User guidelines/administrative procedures should be clearly outlined. They should include 

the selection process of assessors, infrastructure requirements (Maier et al., 2012), step-

by-step process of assessment, data collection methods, tests to be used, and any other 

procedure important for the capability domain. Lack of clarity can lead to low consistency.  
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3
.5

 
Repeatability and reproducibility (R&R) 

Criteria 3.1 to 3.4 collectively contribute to achieving acceptable levels of repeatability 

and reproducibility (R&R). Within a given set of maturity evidence against defined criteria 

(criteria 3.2), the assessment scores should achieve an acceptable level of consistency in a 

multi-rater assessment exercise. The instrument should be tested for R&R prior to full 

deployment. Multi-rater assessments are recommended for the full deployment with inter-

rater consistency being tested on actual data. Gage R&R techniques used in the six-sigma 

method (Woodall & Borror, 2008), or Kappa values (Fleiss, 1971; Hallgren, 2012), are 

recommended. 

5
. 

G
en

er
al

iz
ab

il
it

y
 

4
.1

 

Proximal similarity (specification) 

Proximal contexts should be specified where the MM could be applied to improve desired 

outcomes (Campbell, 1986). This can be achieved by providing a thick description of the 

case contexts (Geertz, 1973; Lincoln and Guba, 1985) where the MM could be potentially 

generalized (e.g., industry, sub-industry category, capability domain, enterprise function, 

geography, etc.). 

4
.2

 

Proximal similarity (empirical) 

A true gauge of generalizability comes through actual testing of construct validity 

(criterion 2.3) within an entity(s) different from the entity(s) where the initial findings were 

obtained (De Bruin et al., 2005).  

5
. 

P
ro

ce
ss

 i
n

te
g

ri
ty

 5
.1

 

Design process suitability 

The design process used should be stated within the study (de Bruin et al., 2005; Becker et 

al., 2009). The choices made (e.g., the tools and tests deployed, and the steps taken), should 

be justified clearly against ‘how they have ensured the achievement of each criterion 

proposed within this table’. Stating the use of a ‘highly cited standard process’ alone does 

not necessarily fulfill this criterion.  

5
.2

 

Continuous upgrades 

It is impossible to get an MM right (acceptable levels of validity and reliability) in a single 

round of design and deployment. Evidence should be provided on carried out or proposed 

improvements to the MM and its design process based on lessons learned from completed 

deployments (Becker et al., 2009; Wendler, 2012).  

 

In order to demonstrate the use of the criteria, we have evaluated three selected MMs and 

visualized the results in Figure 4. The assessment was performed by using a five-point scale:(0) 

no evidence of the criteria being considered, (1) the criterion is mentioned but no evidence of 

fulfillment, (2) little evidence of the criterion being fulfilled, (3) the criterion is partially 
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fulfilled, (4), a major part of the criterion has been met, (5) the criterion is fully satisfied. The 

exercise is purely intended for illustration and visualization of where these MMs stand.  The 

assessment is not based on the authors’ judgment of the technical content of the MMs but based 

on the described methodology within the study. Below three MMs were chosen based on two 

criteria; (1) they are recent (assuming the rigor in MMs may have evolved), and (2) they are 

from Scimago quartile-1 journals (assuming strict peer review processes may have ensured 

rigor).  

 

1) Digital transformation maturity assessment: development of the digital transformation capability 

maturity model (Gökalp & Martinez, 2021). 

2) Development of maturity model for assessing the implementation of Industry 4.0: learning from 

theory and practice (Wagire et al., 2020). 

3) An assimilation maturity model for IT governance and auditing (Dutta et al., 2022). 

 

Figure 4: Criteria fulfillment radar chart for the chosen MMs 

 

The intention here is not to provide a full-length evaluation of the three MMs. However, we 

present here the most critical observations in summary form. 
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1. Opportunity: All three MMs are generally rated high; however, none have specified outcome 

measures.  

2. Validity: The inclusion of a comprehensive literature review within the paper fulfills the need for 

content specification (exception: Dutta et al., 2022) and indicator specification is missing. All three 

MMs remain untested for construct validity using multiple rounds of empirical assessments.  

3. Reliability: None of the MMs show strong evidence of being pre-tested for observability, 

responsiveness, and language adequacy. There is no proof that any of the three MMs would have 

consistency in a multi-rater assessment.  

4. Though generalizability has been claimed, they have been confined to the application only. There 

is no evidence of application in other entities that have resulted in statistically proven business 

improvements.  

 

7. DISCUSSION AND CONCLUSIONS 

 

In this paper, we have focused on four outcomes, 1) a critical exploration of current theoretical 

and conceptual issues of MMs based on literature and author observations, 2) addressing these 

issues by providing theoretical grounding and requirement-based guidance for the developers 

of new MMs, 3) proposing an evaluation framework based on OVRGP (opportunity, validity, 

reliability, generalizability and process integrity) principles with specific criteria to be met, and 

4) demonstrating how the criteria can be used by evaluating three recently published MMs. The 

evaluation framework can be used as a reference in structuring future systematic reviews, meta-

analyses, evaluation of MMs, gauging the thoroughness of new MMs in peer reviews, and most 

importantly, in designing future MMs with built-in ‘fit-for-purpose’. We suggest studies 

proposing new MMs in the future use the proposed framework, show evidence of meeting the 

criteria, and where the criteria are not met, provide justifications. Capability maturity is a 

complex concept, and the act of operationalizing it through MMs encounters many potential 

failure points that are vulnerable to subjectivity. Fulfilling the proposed criteria might be viewed 

as a daunting research endeavor. However, given the abstract nature and the complexity of the 

capability maturity phenomenon, it is scientifically naive to expect currently established 

methods to produce fit-for-purpose MMs. Developing an MM and applying it in a single case 

study can give useful insights into the maturity phenomenon and we do not deny the qualitative 

usefulness of such insights. However, the ultimate gauge of reusability of a scientific tool is 

proven only when it is empirically tested for construct validity, reliability, and generalizability. 



                                             

72 

 

Developing an MM should not be the endgame. The idea behind MMs is the premise that ‘better 

ways of working lead to better performance’. An MM can be criticized for its lack of rigor, 

however, for the concept of MM to be rejected, the said premise must be rejected. Therefore, 

the challenge is to keep testing and improving a given MM until it reaches an acceptable level 

of performance predictability. The essence of our paper is to convey this message to MM 

developers and to help them on the development path. We believe taking such a path will 

provide MM developers with the ability to understand the ‘capability maturity’ phenomenon 

deeper and gain much-needed industry acceptance by designing instruments with proven ability 

to improve performance.  
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RESEARCH PAPER 3 

 

Are the lean maturity models matured? A criteria-based evaluation 

 

Abstract 

In recent decades, lean management has been embraced by almost all industries with many 

examples of significant gains achieved. Lean is a journey of continuously maturing in the 

integration of processes, work systems, and capabilities embedded within a convincing 

management philosophy. The journey of maturing in lean requires a compass of sorts to tell an 

enterprise its current position and the way ahead. Many studies over the years have introduced 

lean maturity models (LMMs) to cater to this need. Yet, no LMM has become the commonly 

accepted yardstick of lean maturity. Many systematic reviews have documented LMMs’ 

content and structure. However, no study has thoroughly evaluated LMMs’ fitness for purpose 

as maturity models (MMs). This paper addresses this gap by evaluating 27 qualified LMMs, 

revealing their critical weaknesses. To do so, this paper introduces the OVRGP framework for 

evaluating MMs (opportunity, validity, reliability, generalizability, and process integrity) with 

17 underlying criteria to be satisfied. Nine critical weaknesses of current LMMs are revealed 

with in-depth remediations recommended for future developers of LMMs. The framework will 

contribute to improving future LMMs as credible yardsticks of lean maturity.  

 

1. INTRODUCTION 

 

The Toyota production system (TPS) and its fundamental concepts have been continuously 

evolving within the Toyota corporation since the 1950s (Ohno, 1988). Later, TPS reframed as 

Lean Management gathered attention in the 1990s with the publication of ‘The Machine That 

Changed the World’ (Womack et al., 1990), though the term ‘lean’ was first used to represent 

TPS by Krafcik (1988). Since then, lean has been embraced by almost every industry and 

successful adaption has given these enterprises significant cost advantages (Karlson & 

Ahlstrom, 1996; Shah & Ward, 2007). Similarly, over the years, academic journals from many 

management and engineering streams have published a plethora of studies exploring many 

dimensions of lean management (Danese et al., 2017). Lean is often associated with the 

practices such as just-in-time (JIT), Jidoka, and standardization (Mefford, 1993; Shah, 2003). 
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However, it is often argued that the success of lean at the enterprise-level demands continuous 

integration of processes, work systems, and capabilities, within a convincing management 

philosophy (Liker & Hoseus, 2008; Rother, 2010; Mann, 2014). Achieving such integration 

requires a deployment strategy and a deep organizational commitment (Karim & Arif-Uz-

Zaman, 2013). When embarking on the lean management journey, enterprises seek to gain 

objective clarity on their starting position or the distance they have covered (Schonberger, 2008; 

Barclay et al., 2021). The literature is plagued with measures attempting to assess the impact of 

lean through sets of matrices (Arnheiter & Maleyeff, 2005; Baggaley, 2006). Most of these 

matrices have a dominating bias toward financial benefits (Bou-Llusar et al., 2005; Baggaley, 

2006; Sharma & Bhagwat, 2007), which are proven to be ill-equipped to measure a construct 

such as lean integration (Swank, 2003; Schonberger, 2008). Knowing this inherent weakness 

in financial measures, many studies have attempted to measure the degree of lean integration 

and they are well documented by comprehensive systematic reviews (e.g., Pakdil & Leonard, 

2014; Narayanamurthy & Gurumurthy; 2016; Cocca et al., 2018). These studies have used 

many terms to represent the degree of lean integration such as adaption to lean, leanness, and 

lean maturity level (Narayanamurthy & Gurumurthy, 2016). In this paper, we will use the term 

‘lean maturity’ to represent all these terms and the term lean maturity model (LMM) to represent 

the measurement models used by such studies (this decision is theoretically justified in section 

3).  

 

Although many measurement models have been introduced to fulfill the need to measure lean 

maturity (Narayanamurthy & Gurumurthy, 2016), no LMM has become the standard in 

academia or practice. This creates an opportunity to investigate whether the existing LMMs 

have been built with methodological rigor. Santos-Neto and Costa (2019), investigating more 

than 400 maturity models (MM) claim that only 3% of them have been validated empirically. 

However, there is no study examining the rigor of existing LMMs’ path to being fit for purpose. 

This study addresses this critical research gap in lean literature by clinically examining 27 

selected LMMs against 17 criteria. First, a comprehensive literature review (section 2) 

examines ‘lean maturity’ as a construct, reviewing the choice of measurement models, and 

examining relevant theoretical criteria an MM should fulfill. Further, the literature review 

qualitatively investigates the 27 selected LMMs against established theoretical criteria. Second, 

the study proposes the new OVRGP framework where the 17 criteria are thematically grouped 
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(section 4). Third, each of the 27 LMM is rated on a 0 to 5 compliance scale against the 17 

criteria by revealing insightful and critical weaknesses. Finally, the paper discusses each of the 

critical weaknesses identified and makes recommendations on how future LMMs could be 

improved.    

 

2. LITERATURE REVIEW 

 

Since the mid-90s, studies have attempted to measure lean (Malmbrandt & Åhlström, 2013) 

using a diverse range of approaches (Almomani et al., 2014). Some of the studies use lean 

practices such as pull production and 5S within their assessment metrics (e.g., Saurin, Marodin 

& Ribeiro, 2011; Cil & Turkan, 2013) and some of the studies measure outcomes such as the 

impact on time and cost (e.g., Wan & Chen, 2008; Anvari et al., 2013). Some studies use 

matrices that combine both enablers and outcomes (e.g., Vinodh & Balaji, 2011; Vinodh & 

Chintha, 2011). However, it is often observable that indices used in many measurement 

approaches neglect the idea that lean is a multi-dimensional construct that encompasses a 

variety of principles and practices (Doolen & Hacker, 2005; Gurumurthy & Kodali, 2010). 

Though there had been numerous studies and books written on lean philosophy, there is no 

consensus on how lean maturity should be measured (Shah & Ward, 2007). Under such 

circumstances, it is impossible to compare enterprises on their level of lean maturity (Wan & 

Frank, 2008). Analysis of studies attempting to measure lean has been well documented by 

comprehensive systematic reviews (e.g., Pakdil & Leonard, 2014; Narayanamurthy & 

Gurumurthy, 2016; Cocca et al., 2018). Narayanamurthy & Gurumurthy (2016) classify such 

attempts into two broad categories. First, studies that have used outcome indicators that measure 

the extent of improvement achieved (e.g., improvement in lead time, reduction of inventory and 

set-up time, etc.) because of lean implementation (e.g., Bayou & de Korvin, 2008; Kumar et 

al., 2013). Second, studies measuring the degree of implementation and adaptation to lean 

principles (e.g., Karlsson & Åhlström, 1996; Leyer & Moormann, 2014). Karlsson and 

Åhlström (1996) argue that the progress within the lean journey should be measured through 

the progress an enterprise has made in adapting to lean principles and practices. They were the 

first to attempt this approach with their model ‘Assessing changes towards lean production’. 

Nesensohn et al. (2014) argue that lean is a gradual transformation within an enterprise and 

propose the use of a maturity model as the most appropriate approach to gauge this journey. 



                                             

76 

 

Nightingale and Mize (2002) were the first to use the term ‘lean maturity’ and since then, the 

term has been commonly used in studies (e.g., Maasouman & Demirli, 2015; Urban, 2015; 

Setianto & Haddud, 2016; Santos Bento & Tontini, 2018).  

 

Information systems (IS) literature pioneered the idea of maturity models (MMs) in the 1970s 

(Wendler, 2012). The computational resources MM (Gibson & Nolan, 1974) and the five-level 

quality management process grid (Crosby, 1979) are often cited as the introductory work of 

MMs (Humphrey, 1988). With the introduction of the Capability maturity model (CMM) 

(Paulk et al., 1993), MMs gathered wider academic attention and were spreading to other 

academic domains (Wendler, 2012). Many systematic reviews on MMs claim that CMM has 

been an influential methodological base for many MMs in different domains of organizational 

capabilities (e.g., Wendler, 2012; Lasrado et al., 2015; Reis et al., 2016; Santos-Neto & Costa, 

2019; Monteiro & Maciel, 2020). Since the introduction of CMM, the appearance of MMs from 

diverse domains has been visible in research, for example, Supply Chain Management 

(Lockamy & McCormack, 2004), Education (de Boer Garbin et al., 2021), Project Management 

(Grant & Pennypacker, 2006) and Sustainability (Prashar, 2017). Pullen (2007, p. 9) defines an 

MM as “a structured collection of elements that describe the characteristics of effective 

processes at different stages of development”. Further, MMs provide boundary definitions 

between phases within the maturing journey of transformation (Pullen, 2007). Klimko (2001, 

p. 271) claims the concept of ‘maturing’ describes “the development of an entity over time, and 

this entity can be anything of interest: a human being, an organizational function, etc.”. 

 

The typical structure of MMs consists of several components. Domain components represent 

the level-1 breakdown of the principal construct. For example, Loyd et al. (2020), in their lean 

assessment model uses standardization and stability, built-in quality, just-in-time, and culture 

as domain components. Kaltenbrunner et al. (2019) use lean 4-Ps, philosophy, process, people, 

and partners, as well as problem-solving (Liker & Hoseus, 2008) as the domain components. 

At the level below, the domain components are split into indicators, which are the attributes 

that are subjected to measurement. For example, Loyd et al. (2020) split one of their domain 

components ‘standardization and stability’ into the indicators: ‘the company having a system 

for workplace organization’ and ‘the best practices are clearly defined and standardized’. 

Kaltenbrunner et al. (2019) split one of their domain components ‘people and partners’ into the 



                                             

77 

 

indicators: ‘employees having access to a lean change agent at each unit’, ‘employees having 

skills in describing customer value’, and ‘collaborating with partners and suppliers’. For the 

assessment of lean maturity, these indicators need to be assigned meaningful numerical values. 

Lean MMs use diverse methods to achieve this, and the most common method has been the use 

of a Likert scale. For example, Doolen and Hacker (2005) use a five-rater scale in measuring 

lean maturity (always, most of the time, some of the time, rarely, or never), and Soriano-Meier 

and Forrester (2002) measure lean maturity using a seven-rater scale (1–no adoption, 4–partial 

adoption; 7–total adoption). Apart from Likert scales, some studies use generic stage definitions 

(e.g., Nightingale & Mize, 2002; Malmbrandt & Åhlström, 2013; Maasouman & Demirli, 

2015). Below is an extract from what Malmbrandt and Åhlström (2013) have used as generic 

stage definitions.  

 

“ 

Level 1: No adoption Problems are often explicit, and solutions often focus on 

symptoms instead of causes 

Level 2: General awareness Start of searching for proper tools and methods, problem-solving 

is becoming more structured. The informal approach in a few 

areas with varying degrees of effectiveness 

Level 3: Systematic approach Most areas are involved but at varying stages. Experimentation 

using more and more tools and methods and employees start 

following-up work using metrics 

Level 4: On-going refinement All areas are involved but at varying stages. Improvement gains 

are sustained 

Level 5: Exceptional well-defined, innovative approach: all areas are involved at the 

advanced level. Improvement gains are sustained and challenged 

systematically. Innovative solutions to common problems, 

recognized as best practice/role model 

 

” 

(Malmbrandt & Åhlström, 2013) 

 

Vinodh and Chintha (2011) divide the assessment into five grades and use fuzzy determinants 

to arrive at lean maturity levels (8-10 ‘extremely lean’, 6-8 ‘lean’, 4-6 ‘generally lean’, 2-4 ‘not 
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lean’ and less than 2 ‘extremely not lean’). Abdi (2018) uses a similar approach with fuzzy 

determinants to assign values to the indicators following Vinodh and Chintha (2011). Apart 

from the above methods, some studies use indicator-specific absolute values, for example, the 

percentage of ideas by the employees (e.g., Karlsson and Åhlström, 1996) and the number of 

years a lean practice has been deployed (e.g., Galeazzo, 2019). And finally, the data collection 

methods deployed by the studies also show variation. Models that have incorporated indicators 

that require absolute values (e.g., number of problems solved by employees) have used 

company reports and direct interviews with the sources (e.g., Karlsson & Åhlström; 1996; 

Kollberg et al., 2007). Nightingale and Mize (2002) and Urban (2015) propose using their 

LMMs as self-assessment tools. As mentioned earlier, the most common method of assigning 

values for the indicators has been the use of Likert-type scales, hence the most common method 

of data collection has been the use of electronic or mail surveys (e.g., Soriano-Meier & 

Forrester, 2002; Sánchez & Pérez, 2004; Doolen & Hacker, 2005). Most of the surveys have 

been addressed to specific experts or senior leaders such as the chief of production with some 

surveys measuring lean adoption through the perception of employees (Leyer & Moormann, 

2014). Studies such as Singh et al. (2010) and Vinodh and Chintha (2011) have used the ratings 

given by qualified experts based on interviews and/or collected evidence from the subject. 

Bhasin (2011) and Maasouman and Demirli (2015) have deployed their LMM as an audit tool 

to be used by trained auditors. Studies such as Azevedo et al. (2012) and Sezen et al. (2012) 

have deployed face-to-face or telephonic interviews with qualified representatives from the 

subject entities as a way of collecting data in rating the indicators.  

 

2.1 Specification of the measurement model  

In this paper, we argue that lean maturity is an abstract latent construct measured by values 

assigned to the respective indicators. Latent constructs are “phenomena of theoretical interest 

which cannot be directly observed and have to be assessed by manifest measures which are 

observable” (Diamantopoulos et al., 2008, p. 1205). Lean maturity on its own is not observable 

and it requires representative indicators to show us the level of lean adaption. Further, we argue 

lean maturity should be assessed using a formative measurement model. Formative 

measurement models are suitable when “a concept becomes its measure and has no meaning 

beyond that measure … entire meaning of a theoretical concept is assigned to its measurement 

and any theoretical concept has one and only one measurement” (Bagozzi, 1982, p. 15). The 
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direction of causality within formative models is from indicators toward the latent construct 

(Diamantopoulos & Winklhofer, 2001). The latent construct is the result of the indicators 

(Fornell & Bookstein, 1982; Bagozzi, 1994) and the complete set of indicators is a necessity 

for the latent construct to be meaningful (Bollen & Lennox, 1991). In contrast, the direction of 

causality is from the latent construct toward the indicators in reflective models 

(Diamantopoulos & Winklhofer, 2001) where the “underlying factors give rise to something 

that is observed” (Fornell & Bookstein, 1982, p. 292). The incompleteness of indicators is not 

an issue for reflective measures as it does not alter the nature of the construct (Bollen & Lennox, 

1991). We argue that completeness of indicators is important for lean maturity to be achieved, 

hence the elimination of any indicator can dilute the causality towards achieving the desired 

maturity level. Improvement in lean maturity does not affect changes in all the indicators, 

instead, improvements in some indicators alone can increase lean maturity. The indicators don't 

need to all be changed at once for the umbrella-level construct (lean maturity) to be changed. 

Hence, we argue that lean maturity is a latent construct that should be measured using a 

formative measurement model. Specification of the measurement model is extremely rare 

among the studies that have introduced lean maturity models with very few exceptions. One 

such exception is Leyer and Moormann (2014) who specified the use of a formative model and 

use structured equation modeling in answering their research question ‘how lean are financial 

service companies?’.    

 

2.2 What criteria should MMs satisfy as a measurement model? 

 

This section explores different theoretical criteria MMs should meet to be able to satisfy their 

purpose as measurement instruments. The fundamental assumption behind MMs is that 

performance can be improved when the included indicators are improved (Pasian et al., 2012).  

This notion implies the need to establish a clear cause-and-effect relationship between the 

indicators of an MM and defined outcomes. In other words, it should specify the business 

benefits expected to be achieved when the indicators are improved (Mettler, 2010; Pöppelbuß, 

2011; Santos-Neto & Costa, 2019). If the desirability of improving the indicators is not clear, 

the effort of developing an MM is meaningless. Among the LMMs, Karlsson and Åhlström 

(1996) clearly explain the need and how assessment using the LMM can lead to business 

improvements. Similarly, Abdi (2018) clearly states in their healthcare LMM how it could lead 
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to reducing the overall cost. However, many studies merely state the academic need for the 

LMM and fail to specify business desirability (e.g., Soriano-Meier & Forrester, 2002; Yadav et 

al., 2018; Kaltenbrunner et al., 2019).  

 

As justified earlier, lean maturity is an abstract latent construct that should be measured using 

a formative model. Due to the direction of causality towards a latent construct (in this case ‘lean 

maturity’), the inherent character of formative measures makes measuring ‘internal 

consistency’ inappropriate for assessing the suitability of indicators (Bagozzi, 1994). However, 

for the validity to be established, it makes sense to examine how well the construct relates to 

other variables (Bagozzi, 1994, p. 333). Diamantopoulos & Winklhofer (2001) suggest the use 

of an external criterion variable that the indicators are supposed to be related to when measuring 

the external validity of formative models. Hence, we argue that to establish the external validity 

of an LMM, clear outcome measures should be specified, and these specified outcome measures 

should be credibly derived from the business desirability of the model explained earlier. 

Specification of outcome measures has not been a consistent criterion many LMMs have met 

though with a few exceptions. Santos Bento and Tontini (2018) specify the operational 

performance indicators such as cost, new product introduction, quality, and flexibility as 

outcome measures. Kaltenbrunner et al. (2019) use quality measures within the healthcare 

processes in their LMM as outcome measures. However, many LMMs have failed to specify 

any outcome measures (e.g., Urban, 2015; Vidyadhar et al., 2016; Setianto & Haddud, 2016; 

Abdi, 2018). For MMs, clearly defining the capability domain (e.g., lean management) is 

critical as it provides the boundaries for the domain components and indicators to be specified 

(de Bruin et al., 2005; Mettler, 2010). Lean is a domain that has often been subjected to 

inconsistent interpretations. Many LMMs have skipped clearly defining the scope by stating 

the demarcations (e.g., Doolen & Hacker, 2005; Vinodh & Chintha, 2011; Bijl et al., 2019), 

although a few studies have defined the scope (e.g., Karlsson & Åhlström, 1996; Kollberg et 

al., 2007; Azevedo et al., 2012; Maasouman & Demirli, 2015).  

 

As MMs deal with complex capability domains, the target group must be clearly defined (de 

Bruin et al., 2005). Defining the target group provides clarity on the source of information and 

determines the qualifications of the raters (Ahlemann et al., 2005; de Bruin et al. 2005; Mettler, 

2010). Among the investigated LMMs, Gurumurthy and Kodali (2009) clearly define the target 



                                             

81 

 

group as the supply chain directors for their LMM for supply chains. Similarly, Nightingale and 

Mize (2002) clearly define the targeted managerial groups within the aerospace industry for 

their lean maturity self-assessment instrument. However, some of the LMMs have not defined 

the target group at all or have mentioned it only vaguely (e.g., Bhasin, 2011; Kumar et al., 2013; 

Maasouman & Demirli, 2015).  

 

Further, Diamantopoulos and Winklhofer (2001) have established four criteria for a formative 

measurement model to be valid. (1). Content specification demands the specification of the 

components within defined boundaries of the domain. Formative constructs are abstract, the 

breath of inclusiveness is vital (Bagozzi, 1994), and exclusion of components results in the 

incomplete representation of the construct (Nunnally & Bernstein, 1994; Diamantopoulos & 

Winklhofer, 2001). As formative models, MMs should specify the domain components clearly 

within the defined scope and justify their inclusion (de Bruin et al., 2005; Kimberlin & 

Winterstein, 2008). Among the complying examples, Kollberg et al. (2007) clearly explain the 

use of five lean principles as domain components which they claim to be the critical success 

factors and justify the inclusion. In their LMM, Malmbrandt and Åhlström (2013) clearly state 

how the domain components are arrived at using a literature review, and the inclusion of each 

is justified. However, many studies have not rationalized the inclusion of their selected domain 

components and how they represent the scope of lean maturity (e.g., Nightingale & Mize, 2002; 

Bhasin, 2011; Bijl et al., 2019). (2). Indicator specification is achieved when the identified 

indicators cover the full breadth of the specified content (Bollen & Lennox, 1991; 

Diamantopoulos & Winklhofer, 2001) and the indicators either individually or collectively 

show a positive relationship with the defined outcome measures (e.g., cost, lead time, waste, 

etc.) (Kimberlin & Winterstein, 2008; Pekkola et al., 2015). Similar to content specification, a 

comprehensive literature review could be done coupled with expert opinion to satisfy this 

criterion. In their LMMs, both Kollberg et al. (2007) and Yadav et al. (2018) conduct a literature 

review and justify the inclusion of most of the indicators. But many studies show weaknesses 

in this criterion as they do not justify the inclusion of indicators, or do not cover them within 

the literature review (e.g., Soriano-Meier & Forrester, 2002; Bhasin, 2011; Kumar et al., 2013; 

Loyd et al., 2020). (3). Indicator collinearity is the avoidance of instability of indicator 

coefficients due to excessive collinearity among the indicators. The typical treatment to prevent 

this is the elimination of indicators with high collinearity using the variance inflation factor 
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(VIF) (Diamantopoulos & Siguaw, 2006). However, Bollen and Lennox (1991), argue that such 

elimination purely based on a statistical rationale can reduce the meaning of the latent construct. 

Avoidance of indicators measuring organizational constructs (such as lean maturity) is 

unavoidable and such collinearity is an essential part of an organizational ecosystem (Sunder 

& Ganesh, 2020). Hence, aligned with Bollen and Lennox (1991) and Sunder and Ganesh 

(2020), we do not propose the elimination of indicator collinearity’ as a criterion for LMMs. 

(4). External validity implies a valid correlation of indicators to the latent construct (Bagozzi, 

1994; Diamantopoulos & Winklhofer, 2001). Since the direction of the relationship within 

formative measures is from the indicators to the construct, the idea of internal consistency 

becomes irrelevant (Bagozzi, 1994). However, for the formative model to be valid, theoretical 

meaning should be there for each indicator to be included (Spector, 1992), and “the best we can 

do … is to examine how well the index relates to measures of other variables” (Bagozzi, 1994, 

p. 333). Diamantopoulos and Winklhofer (2001) suggest the use of an external criterion variable 

using a Multiple indicators and multiple causes (MIMIC) model and these external criterion 

variables should be reflectively related to the indicators chosen within the model (Hauser & 

Goldberger, 1971; Jöreskog & Goldberger, 1975).  

 

We have already argued for the inclusion of external criterion variables in the form of targeted 

outcome variables. However, the specification of such external criterion variables alone does 

not constitute the construct validity of an MM. For an MM to be established for its construct 

validity, it should prove that moving upwards in the hierarchy of stage definitions (maturity 

levels), leads to incremental improvements in the specified outcome variables (external 

criterion variables). The theoretical construct validity of an MM can be established by justifying 

that moving up in maturity results in incremental outcomes, using the literature review coupled 

with methodically summarized expert opinions (de Bruin et al., 2005). However, the empirical 

construct validity for an MM is established only when it is empirically proven that moving up 

in the maturity levels has resulted in improvements in the specified outcome variables (Solli-

Sæther & Gottschalk, 2010; Tarhan et al., 2016). Many LMMs have been built only on a 

theoretical level and have not been tested for construct validity (e.g., Soriano-Meier & 

Forrester, 2002; Singh et al., 2010; Vidyadhar et al., 2016; Abdi, 2018). Some of the LMMs 

claim they have been tested for construct validity but with no evidence provided in the study 

(e.g., Karlsson & Åhlström, 1996; Nightingale & Mize, 2002). Some studies have sent a 



                                             

83 

 

questionnaire to many enterprises and performed a comparison between indicator variables and 

outcome variables with a conclusion that enterprises with higher maturity show better outcomes 

(e.g., Galeazzo, 2019; Kaltenbrunner et al., 2019). However, what’s critically missing are the 

studies that have measured lean maturity in statistically sufficient rounds and proven that the 

business performance has improved as a result. Though this is a difficult scientific endeavor, 

we argue that the construct validity of an LMM can only be proven by using statistically 

sufficient longitudinal data.  

 

The final criterion we have selected that contributes to the overall validity of an MM is 

structural integrity. For an MM to be legitimately used for statistical testing, both domain 

components and indicators should be mutually exclusive and collectively exhaustive (MECE) 

(de Bruin et al., 2005; Maier et al., 2012). In other words, both at the domain component and 

indicator level, they should fully represent the lean domain (discussed partially under content 

specification and indicator specification) and they should not be overlapping. Most of the 

LMMs have issues with structural integrity as measurement models. For example, Soriano-

Meier and Forrester (2002) use nine domain components which include attributes such as 

elimination of waste, continuous improvement, zero defects, JIT deliverables, and pull of raw 

materials. However, they overlap as defects are one of the wastes, and the pull of materials is 

embedded within a JIT system (Womack et al., 1990; Liker & Hoseus, 2008). Value stream 

management and the application of lean tools and techniques are two of the domain components 

used by Setianto and Haddud (2016). These are two overlapping components as value streams 

are managed using lean tools and practices. Bhasin (2011) also uses two overlapping domain 

components ‘production and operation flow’ and ‘process and operations’. The important 

criterion we propose in this context is for MMs to be tested for MECE. This can be done 

theoretically by testing against the established definitions of domain components and/or using 

expert opinion.  

 

When it comes to the reliability of MMs as measurement instruments, we explore five criteria: 

observability, responsiveness, language adequacy, clarity of administrative procedure, and 

repeatability and reproducibility (R&R). Indicators of MMs should be observable (Crocker & 

Algina, 1986; Röglinger et al., 2012) as it would minimize the rater’s interpretation bias and 

improve the inter-rater reliability (Bertrand & Mullainathan, 2001). Studies should clearly state 
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how observability has been achieved when developing their MMs. Some of the LMMs use 

measurable indicators such as production set-up times or the percentage of new ideas provided 

by employees (e.g., Karlsson & Åhlström, 1996; Sánchez & Pérez, 2004). Such indicators 

would have high observability as they measure countable attributes, though it is questionable if 

they truly represent lean maturity. From our judgment, some of the studies have used observable 

indicators, however, it is not clear if it was deliberately done to improve reliability (e.g., Doolen 

& Hacker, 2005; Bhasin, 2011). Some of the studies confirm that they have conducted 

observations on-site at their chosen case study enterprise. However, these studies have not 

included any tests on the indicators for observability (e.g., Soriano-Meier & Forrester, 2002; 

Kaltenbrunner et al., 2019). We recommend that observability could be tested using a panel of 

experts and this should be clearly stated within the study. Responsiveness is another critical 

criterion to strengthen the reliability of an MM. For an MM, responsiveness provides the ability 

to detect changes to the construct over time (e.g., evolving lean maturity) (Kimberlin & 

Winterstein, 2008). An MM can improve its responsiveness by clearly specifying precise stage 

definitions with evidence to be observed for each stage of maturity (Maier et al., 2009; 

Pöppelbuß, 2011; Maier et al., 2012). To achieve this, LMMs could pre-test the stage definitions 

based on a given set of artifacts that represent a level of lean maturity. Responsiveness is a 

major weakness in most LMMs due to the use of Likert scales or the assignment of fuzzy 

numbers without defining stage definitions. Among the notable exceptions, Maasouman and 

Demirli (2015) use a detailed control sheet for observation and data gathering to reduce the 

variance in judgment between the raters. Though the appropriateness is questionable, Galeazzo 

(2019) considers the number of years a lean practice has been deployed by the enterprise as the 

measure of lean maturity level. A few LMMs use generic stage definitions achieving a relatively 

higher level of responsiveness than the models using Likert scales (e.g., Nightingale & Mize, 

2002; Malmbrandt & Åhlström, 2013; Bijl et al., 2019; Zanon et al., 2020).  

 

Language adequacy is another critical criterion that improves reliability. In other words, MMs 

should be equipped with language easy for the raters to understand (Moody & Shanks, 1994; 

Becker et al., 2000). We argue that MMs should be tested for language adequacy before using 

them within the empirical assessment. However, a vast majority of the LMMs have not been 

pretested for language adequacy except for Sánchez and Pérez (2004) and Doolen and Hacker 

(2005). Further on strengthening the reliability, Maier et al. (2012) argue that every MM should 
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specify the administrative procedure ensuring all the raters follow the same methods in 

observing artifacts and gathering data to rate indicators. Only a few LMMs have specified how 

their LMM should be administrated (e.g., Nightingale & Mize, 2002; Soriano-Meier & 

Forrester, 2002; Gurumurthy & Kodali, 2009; Malmbrandt & Åhlström, 2013). Some of the 

studies have not provided sufficient details (e.g., Singh et al., 2010; Sezen et al., 2012; Urban 

2015), whereas some of the LMMs have completely ignored the inclusion of administrative 

procedures (e.g., Kollberg et al., 2007). We argue that criteria observability, responsiveness, 

language adequacy, and clarity on administrative procedure, collectively contribute to making 

an MM with a high level of repeatability and reproducibility (R&R). In other words, the MM 

should achieve acceptable levels of rating consistency irrespective of whether the rating has 

been performed by the same rater multiple times or if it is performed by multiple qualified 

raters. We argue that an LMM as a measurement instrument should be tested for R&R before 

its empirical use. Gage R&R technique used in the six-sigma method (Woodall & Borror, 

2008), or Kappa values (Fleiss, 1971; Hallgren, 2012), are recommended for meeting this 

criterion. It is essential that instruments such as LMMs covering multiple organizational 

dimensions through the indicators are tested for R&R. Though not a thorough R&R test, Kumar 

et al. (2013) conducts a sensitivity analysis among the raters in their LMM. However, no other 

studies have considered this critical criterion exposing an alarming doubt about the reliability 

of existing LMMs. 

 

The generalizability of a measurement instrument is the useability of its results from one study 

to a wider context. We argue that the application of an MM within a different context alone 

does not constitute generalizability. First, developers of MMs should specify contexts with 

proximal similarity (Campbell, 1986) by providing a thick description (Geertz, 1973; Lincoln 

& Guba, 1985) where the MM could be used to achieve improvements. Second, the true proof 

of generalizability is achieved only when the MM is applied within another context to achieve 

improvements and proven with data (de Bruin et al., 2005). Only when this criterion is achieved, 

a new MM could claim its acceptability, retrievability, and reusability (de Bruin et al., 2005; 

Mettler et al., 2010). The reality of generalizability within LMMs is far from ideal. Most studies 

have attempted to specify the proximal context in which their model has been developed. 

However, most of them have not provided a thick description of the proximal context to which 

it could be applied (e.g., Sánchez & Pérez, 2004; Kollberg et al., 2007; Singh et al., 2010; 
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Vinodh & Chintha, 2011; Zanon et al., 2020). Further, we could not find any LMM that has 

been applied in the wider context and has achieved construct validity (i.e., achieving 

improvements in the specified outcome variables). The lean self-assessment tool (Nightingale 

& Mize, 2002) claims to have achieved results beyond its original context, however, no 

evidence has been provided, and no clear outcome variables for such investigation have been 

specified.  

 

Finally, we argue that the LMMs should justify the design process they have used and there 

should be evidence of continuous improvement to the model. de Bruin et al. (2005) and Becker 

et al. (2009) state that the design process and the choices made (e.g., tools, and tests deployed), 

should be stated and justified clearly against ‘how they have ensured the fulfillment of specific 

methodological criteria’. As discussed, maturity models such as LMMs deal with complex 

systems with many variables and hierarchical levels. We argue that it is impossible to get an 

MM right the first time to achieve acceptable levels of validity and reliability. Within the study, 

evidence should be provided on improvements made and/or proposed to the MMs (Becker et 

al., 2009; Wendler, 2012). In combination, we name these two criteria as process integrity. 

Malmbrandt and Åhlström (2013) in their LMM mention how the desirable characteristics of a 

measurement process are followed. Maasouman and Demirli (2015) state that general design 

principles of MMs (Pöppelbuß & Röglinger, 2011) have been used in developing their LMM. 

However, the majority of the LMMs have mentioned the design process with almost no 

justification for the methodological choices made in the design process (e.g., Santos Bento & 

Tontini, 2018; Yadav et al., 2018; Galeazzo, 2019). Providing evidence of continuous 

improvement has been a much weaker aspect among the published LMMs. Karlsson and 

Åhlström (1996) tested their LMM in a clinic before full deployment and the theoretically 

developed measurements have been revised. Nightingale and Mize (2002) claim refinements 

were made after testing the model empirically, though with no evidence provided. Sezen et al. 

(2012) claim a pilot test was conducted, though with no evidence on what changes were made. 

Loyd et al. (2020) claim their model was pre-tested with experts and with Toyota alumni. 

However, the vast majority of LMMs do not show any evidence of pre-testing for improvement 

nor suggested improvements for post-testing.  
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3. APPROACH 

 

3.1 Research questions 

 

The paper explores the research gap using four research questions. Using the comprehensive 

literature review for RQ1, the paper proposes a conceptual framework that incorporates 17 

theoretically identified criteria that an MM should satisfy. RQ2 and RQ3 are answered using 

the application of the 17 criteria to the selected 27 LMMs. To answer RQ4, we select the 

weakest performed criteria by the 27 LMMs and make recommendations for improvement.  

 

RQ1 - What criteria make an MM fit-for-the purpose? 

RQ2 - How do the LMMs perform against these criteria? 

RQ3 - What are the critical weaknesses of LMMs based on these criteria? 

RQ4 - How can future LMMs improve their fit-for-the-purpose? 

 

3.2 Qualification of lean maturity models 

 

The initial search was launched in four digital libraries: Web of Science, Scopus, SpringerLink, 

and ScienceDirect. The keywords used in this search were: degree of leanness, lean maturity 

model, measuring lean adaptation, measuring lean integration, and measuring lean level. Four 

sequential stages of filtering were performed to arrive at the sample used within the study. The 

sequence of exclusion criteria was, (1) studies that are not from journals (e.g., conference 

papers, and books), (2) studies that do not include a measurement approach/model, (3) 

measurement models that have only used outcome measures such as the extent of improvements 

achieved, and (4) articles that have reused existing lean measurement models with no significant 

modifications. As the focus of the study is to assess the theoretical rigor of existing LMMs, 

both conference papers and books were eliminated. As explained in the literature review, not 

all measurement models use the term ‘maturity’, and the terms such as leanness, and lean 

adaption level have been used as synonyms. Therefore, an additional round of filtering was 

conducted through in-depth scrutiny of the shortlisted models from step (4) above. The 

following questions were asked to perform this final layer of filtering based on the generic 

structure of a maturity model discussed within the literature review: (i), does the model have a 

first-level breakdown of the construct (i.e., domain components) (ii), does the model have 
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indicators representing the domain components, and finally, (iii) are these indicators measured 

over a scale that reflects the degree of adaption? Irrespective of the terms used, if the answer 

was ‘yes’ to these questions, they were qualified to be within the study and are identified as 

LMMs. The final list comprised 27 LMMs.  

 

3.3 Establishing the theoretical framework for criteria 

  

Current literature lacks a robust theoretical framework that can be used in designing and/or 

evaluating MMs. Therefore, it was essential to thoroughly review relevant literature on MMs 

as measurement models representing organizational capabilities. Relevant criteria were 

searched for using keywords such as ‘criteria for measurement models’, ‘formative index 

construction’, ‘measuring organizational constructs’, and ‘criteria in evaluating maturity 

models’. The preliminary list of identified criteria was grouped based on common themes. The 

final list of criteria was selected based on their relevance to MMs as capability measurement 

models as well as formative models. We call the umbrella level identified themes the OVRGP 

principles (opportunity, validity, reliability, generalizability, and process integrity) with 17 

criteria listed under them (figure 1).  

 

3.4 Rating of lean maturity models based on the criteria 

 

Each of the selected 27 papers and the embedded LMMs was studied in-depth to understand 

the degree to which each of the proposed 17 criteria has been satisfied. When preparing the 

qualitative data, summarized extracts (evidence against each criterion) from each of the 27 

papers were tabulated. Once the qualitative extracts were revalidated for accuracy, the rating 

was performed by using a 5-point scale; (0) no evidence of the criteria being considered, (1) 

criteria is mentioned but no evidence of fulfillment, (2) little evidence of criteria being fulfilled, 

(3) the criteria is partially fulfilled, (4), majority of the criteria have been met, (5) criteria are 

fully satisfied. The tabulated summaries were used by each author independently to rate the 

LMMs with inter-rater reliability calculated using Kappa values (Fleiss, 1971). When there was 

a conflict in rating, the original paper was referred to verify and arrive at a rating consensus 

achieving a high level of inter-rater reliability.  
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3.5 Discussions and recommendations  

 

Using the ratings, we answer research questions 2, 3, and 4. The critical weaknesses are 

identified using data visualization and recommendations are presented for the future developers 

of LMMs.  

 

4. CONCEPTUAL MODEL AND CRITERIA 

 

RQ1 - What criteria make an MM fit-for-the purpose? 

 

In this section, we summarize the criteria discussed in the literature review within a conceptual 

model (figure 1) and list them (table 1) with specific attributes to be fulfilled. We coin the 

combined quality that an MM achieves by fulfilling the proposed criteria as its ‘fit-for-the-

purpose’. In broad terms, we argue that for an MM to be ‘fit-for-the purpose’, it should satisfy 

two fundamental attributes. First, an MM should be able to deliver the desired outcomes within 

the selected context (i.e., the instrument should be statistically able to prove that improved 

maturity in the selected capability results in improvements in defined outcomes). Second, it 

should be generalizable within defined proximal contexts. For an LMM, this would mean the 

instrument can statistically capture whether maturing in lean management has resulted in 

improvement in defined outcomes such as customer satisfaction, lead time, reduction of waste, 

etc., and the LMM can be used to prove similar relationships within defined proximal settings 

(e.g., in similar industries).  

 

As shown in figure 1, we argue that the ability of an MM to achieve the desired outcomes 

happens through the combination of opportunity, validity, and reliability. Opportunity as a 

theme ensures that there is a clear need, a scope, a defined target group, and clearly defined 

outcome variables. These four criteria set the foundation for the rest of the criteria to be 

meaningful. For example, when outcome variables are not defined, it is not possible to establish 

a cause-and-effect relationship when testing the model for its construct validity. Further, when 

the scope Is not defined, it is not possible to fulfill the criteria such as content specification and 

indicator specification accurately. Validity ensures the instrument’s ability to measure what it 

intends to measure and its structural capability to correlate its input variables with output 
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variables. The model must be structurally sound in this regard enabling it to establish construct 

validity. We argue that, as a reliable instrument, an MM should have both repeatability and 

reproducibility. To achieve this, the MM should be equipped with observable indicators, 

unambiguous language, clearly defined administrative procedures, and a responsive 

measurement scale (i.e., clearly defined maturity stage definitions). A generalizable MM would 

clearly define proximally similar contexts to which it can be applied. The true reusability of an 

MM comes through its ability to prove empirical construct validity within these defined 

proximal contexts. We argue that a scientifically credible measurement instrument should 

justify the design process used. Further, the lessons learned within this design process and how 

they are incorporated within the published measurement model should be documented. 

 

Figure 1: OVRGP conceptual framework (maturity model evaluation criteria) 
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Table 1: OVRGP list of criteria  

 

 

 
 Criteria descriptions 

1
. 

O
p
p
o
rt

u
n
it

y
 

1
.1

 

Justified desirability 

1.1. a: How the measurement of maturity in the given domain (e.g., lean management) 

leads to business benefits should be justified. 

1
.2

 

Defined scope 

1.2.a: The scope of the domain should be clearly defined by stating its conceptual 

boundaries. 

1.2.b: If similar domains exist, a differentiation should be made (e.g., lean vs. total 

quality management).  

1
.3

 

Defined target group 

1.3.a: Target group, from which data will be collected, should be clearly defined.  

1.3.b: Qualifications of the target group should be stated. 

1.3.c: Qualifications of the raters should be stated when self-assessment tools are 

suggested.  

1
.4

 

Specified outcome measures 

1.4.a: Stated business benefits in criteria 1.1, should be converted to measurable 

outcome variable(s) (e.g., lead time, waste reduction, inventory reduction in lean 

maturity).  

These defined outcome variables enable testing the model for construct validity 

(criteria 2.2 & 2.3).    

2
. 
V

al
id

it
y
 

2
.1

 

Specified content 

2.1.a: Domain components that represent the construct (e.g., lean management) should 

be specified. 

2.1.b: Content within each domain component should be clearly defined. 

2.1.c: The inclusion of each domain component should be justified based on their 

potential positive contribution to defined outcome measures in criteria 1.4. 

2
.2

 

Specified indicators 

2.2.a: The indicators specified should fully represent the specified domain components 

in criteria 2.1. 

2.2.b: The inclusion of the specified indicators should be justified for their potential 

contribution to improving the outcome measures specified in criterion 1.4. 
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2
.3

 
Tested for construct validity 

2.3.a: Theoretical construct validity should be shown by defining the maturity stage 

definitions. These stage definitions should be arranged in a meaningful path of 

hierarchical progression that leads to improvement in defined outcome variables given 

in criterion 1.4. 

2.3.b: Empirical construct validity should be proven with empirical data. i.e., proving 

that progressing along the maturity stages is positively correlated to improvements in 

the defined outcome variables in criterion 1.4. 

2
.4

 

Tested for structural integrity 

2.4.a: All the specified domain components and indicators within them should be 

tested for mutual exclusiveness and collective exhaustiveness (MECE). 

3
. 

R
el

ia
b
il

it
y
 

3
.1

 Tested for observability 

3.1.a: Specified indicators should be defined with observable artifacts.  

3
.2

 

Tested for responsiveness 

3.2.a: The stage definitions should be precise in providing the rater with the ability to 

discriminate between the maturity levels. 

3
.3

 

Tested for language adequacy 

3.3.a: The language used in indicators and stage definitions should be understandable 

to the raters. 

3
.4

 

Defined administrative procedure 

3.4.a: The guidelines/administrative procedure for using the maturity model should be 

clearly outlined.  

3
.5

 

Tested for repeatability & reproducibility (R&R) 

3.5.a: The MM should be tested for R&R before deployment within the scientific 

investigation. Gage R&R techniques used in the six-sigma method or Kappa values are 

recommended. 

4
. 

G
en

er
al

iz
ab

il
it

y
 

4
.1

 

Theoretical proximal similarity defined 

4.1.a: Proximal contexts should be stated where the MM is applicable in improving the 

specified outcome variables. 

4
.2

 

Empirical proximal similarity proven 

4.2.a Construct validity of the MM should be proven within a proximal context outside 

the context of the original study.  
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5
. 

P
ro

ce
ss

 i
n
te

g
ri

ty
 

5
.1

 
Design process suitability justified 

5.1.a: The design process of the MM used should be stated and how the steps within 

the design process have satisfied each criterion should be justified.  

5
.2

 

Model continuously improved 

5.2.a: Evidence should be provided on how the MM has been improved as a result of 

pre-testing or suggestions for improvement should be stated once used in the empirical 

study.  

 

 

5. EVALUATION OF LMMS BASED ON THE OVRGP CRITERIA 

 

In this section, we answer research questions 2, 3, and 4 based on rated LMMs using the 

approach described in section 3.  

 

RQ2 - How do the LMMs perform against the criteria? 

 

Figure 2 shows all the LMMs rated and sorted chronologically based on the year published. 

The corresponding values between the LMMs and the criteria show the rating each LMM has 

received based on the scale specified in section 3. The figure also shows the average rating each 

LMM has received across all the criteria using a bar chart. Although it is more than 25 years 

since the publication of the first LMM, the average ratings over the years have not increased. 

This indicates the methodological rigor of LMMs has not increased during that period. 

Although the LMMs have been able to attract higher ratings in a few areas, no LMM has 

reached an overall average rating of three or more. Among the rated LMMs, Malmbrandt and 

Åhlström (2013) show the overall highest average for their LMM for assessing lean service 

adoption. The study justifies the desirability and performs above average within the sub-criteria 

under opportunity which includes the definition of outcome measures. The instrument was 

developed and validated in an iterative process combining both theory and practice. Although 

only loosely connected, the selected domain components and indicators are supported through 

a literature review. Malmbrandt and Åhlström (2013) use the generic stage definitions 

(Nightingale & Mize, 2002) to achieve a relatively higher level of responsiveness compared to 

the users of Likert-type scales. Despite the LMM by Malmbrandt and Åhlström (2013) being 

rated as the highest among the rest, it has several critical weaknesses. Construct validity is only 
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tested through the opinions of experts and not based on proven performance improvement. No 

evidence of testing for mutual exclusiveness and collective exhaustiveness was found. It is 

debatable whether the selection of lean enablers, practices, and performance within a single 

model as indicators is appropriate as they have cause-and-effect relationships among each other. 

The range in standard deviation across the criteria for all the LMMs is low indicating that all 

LMMs show consistency in being inconsistent across the rating criteria.  

 

Figure 2: OVRGP rating of LMMs (in the chronological order of publication year) 
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Figure 3 shows the average rating and average standard deviation for each criterion and the 

category of criteria (OVRGP). Opportunity, as a category, shows the highest value as most 

LMMs have defined the business need, scope, and target audience to some extent. In this 

category, only some LMMs have been able to specify the outcome measures. All sub-criteria 

in the category ‘opportunity’ is conceptual and do not demand statistical or empirical evidence. 

This ease of fulfillment may explain the higher rating. This pattern is also noticeable in the 

other conceptual criteria (e.g., content specification, indicator specification, clarity on 

administrative procedure, specifying proximal context, and justification of the LMM design 

process). Where it requires empirical effort or testing either statistically or with qualified 

experts (e.g., construct validity, structural integrity, language adequacy, empirical proximal 

similarity, and continuous improvement), most LMMs have scored very low resulting in a low 

average.  This raises the question of whether the studies have taken the convenient route of 

developing LMMs only based on inputs from past literature and the authors’ own 

conceptualization. Standard deviation values across the criteria are relatively consistent except 

for in ‘specification of outcome measures’. Understandably the lowest standard deviation is in 

the criteria ‘empirical proximal similarity’ where almost all the models have failed to receive a 

rating.   

 

Figure 3: Average OVRGP rating within sub-criteria 
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RQ3 - What are the critical weaknesses of LMMs based on the criteria? 

 

To answer research question 3, we have identified nine criteria within the OVRGP categories 

for further exploration. Figure 4 shows all the criteria sorted in descending order based on the 

average rating across all the rated LMMs. The nine criteria which are identified as critical 

weaknesses fall below the average rating point of two. Further, all the top eight criteria have a 

similar characteristic, i.e., they all do not require empirical activities or testing statistically. This 

further gives an insight into the argument raised earlier that the studies may have taken a 

convenient route in designing and publishing LMMs. Though not identified as critical (figure 

4), these top-rated eight criteria also are far from ideal as they all consistently fall between 

rating values two and three (desirability being the only exception scoring slightly above an 

average rating of three). These weaknesses have already been discussed in the literature review. 

In answering both RQ3 and RQ4, we explore the nine critical weaknesses in-depth. We further 

observe that there is at least one critical weakness falling within each of the OVRGP criteria. 

For LMMs as scientific instruments, this is an alarming situation as it makes them weak from 

a fit-for-purpose perspective.  

 

Figure 4: Sub-criteria in descending order (9 critical weaknesses of LMMs) 
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Figure 5 shows the ratings for each LMM sorted in descending order based on the average 

ratings. Within the nine critical weaknesses, most LMMs have performed poorly with very few 

exceptions scoring above four or five. The two least rated criteria are the assurance of R&R and 

empirical proximal similarity. The absence of R&R makes a measurement instrument unusable. 

We do not claim in this paper that the LMMs that are rated zero are not equipped with R&R. 

However, none of these papers have shown they meet this criterion nor taken steps to 

scientifically ensure there is repeatability and reproducibility. Empirical proximal similarity 

signifies that the LMM can prove its construct validity in specified proximal contexts. 

Specifying applicable contexts alone does not justify the reusability of an LMM. They should 

be proven in investigations outside the enterprises within the original sample. It is almost 

impossible to expect a high rating for this criterion in a situation where LMMs show a very low 

rating on construct validity. It can be argued that empirical proximal similarity is beyond the 

scope of publishing an LMM and we partially agree with this. However, the true reusability and 

acceptability of LMMs can be established only upon the satisfaction of this criterion. Hence, 

we propose to include the criterion within the OVRGP framework.  
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Figure 5: Sub-criteria in descending order based on the average rating (for all the LMMs 

evaluated) 
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RQ4 – How can future LMMs improve their fit-for-the-purpose? 

 

Answering research question 4, in this section, we provide a deeper view of the nine critical 

weaknesses of LMMs from two points of view: 1) what consequences do they have for the fit-

for-purpose of LMMs if they are not addressed? and 2) what recommendations do we have for 

future developers of LMMs to address these critical weaknesses? Table 2 summarizes these 

ideas.  

 

Table 2: Consequences of the critical weaknesses for LMMs and recommendations for 

improvement.  

 

Specified outcome measures 

Consequences of not fulfilling this criterion 

This criterion demands the LMM specify the outcome measures maturing lean management 

is intended to improve. Failure to specify outcome measures eliminates the ability to 

establish a cause-and-effect relationship (construct validity). The selection of domain 

components and indicators within the LMM should be justified based on their theoretical 

positive contribution to these defined outcome measures. The inclusion of domain 

components and indicators can only be justified based on their theoretical positive 

relationship to the outcome measures. Hence the exclusion or vague definition of outcome 

measures makes an MM structurally unstable.  

 

Recommendations for LMMs 

Incremental maturity in lean management can result in improvements in different outcome 

measures such as reduction in waste, business growth, improvement in lead time, and 

improvement in employee and customer satisfaction. When industry-specific LMMs are 

developed, studies should attempt to customize the outcome measures (e.g., reduction in 

software bugs as an indication of the reduction in defects in the software development 

industry, reduction in patient waiting time as an indication of the reduction in lead time in 

healthcare, reduction of parts inventory in the automotive industry as an indication of 

reduction of inventory, and increase in occupancy in the hospitality industry as an indication 

of increased capacity utilization).  



                                             

100 

 

 

Tested for construct validity 

Consequences of not fulfilling this criterion 

This criterion demands the articulation of maturity stage definitions within a meaningful path 

of hierarchical progression that leads to improvement in defined outcome variables.  

 

Further, it demands proof with empirical data, that progressing along the stages (maturing) 

is positively correlated to improvements in the defined outcomes. When the stage definitions 

are not defined in a path of meaningful hierarchical progression, it makes it unclear how the 

maturing lean maturity could lead to improvements, and difficult to use them in a test of 

construct validity. Further, it reduces the responsiveness and inter-rater reliability resulting 

in unusable data. The core idea of maturing in lean management is to ensure incremental 

business performance. If the LMM is not able to scientifically capture this (construct 

validity), the very existence of an LMM becomes questionable.  

 

Recommendations for LMMs 

It is unclear within lean literature if the concept of lean maturity is well understood. As 

discussed within the literature review, multiple approaches exist to measuring lean maturity 

with the current best practice being the use of generic maturity stage definitions. We argue 

that further research should be there to establish a meaningful path of maturity for lean 

management. The ideal starting point should be to understand the maturity path experienced 

by the companies that are already ahead in the journey. However, it is debatable if an 

enterprise exists with maturity levels four or five other than Toyota corporation. A study 

covering Toyota’s journey together with lessons from other companies verified by qualified 

expert opinion is recommended to define lean maturity stages for each domain 

component/indicator. Although this is the ideal approach, we argue that generic stage 

definitions can be a viable compromise to define these hierarchical levels. When establishing 

construct validity for LMMs, we recommend that enterprises should be studied over a long 

period measuring lean maturity over statistically sufficient rounds to explain the relationship 

between incremental maturity and the improvements in outcomes. This would mean the 

collection of both indicator data and outcome data within defined intervals over multiple 

rounds (longitudinal data) and testing for construct validity. Indicator data would be 
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represented by the percentage of problems solved by employees, the usage level of visual 

management, the usage levels of lean tools, and the percentage of leaders performing lean 

leader activities. Outcome data would be industry specific and may include reduction of 

waste and lead time, various financial measures, etc. It might be convenient to collect 

longitudinal data using surveys. However, we argue that survey instruments are weak in 

establishing criteria such as observability, repeatability & reproducibility (R&R), and 

responsiveness. We recommend the use of onsite observations, the collection of objective 

evidence, and the validation of observation against inputs from structured interviews as a 

way of collecting data and arriving at final rating values for indicators.    

Tested for responsiveness 

Consequences of not fulfilling this criterion 

This criterion demands the stage definitions to be precise in providing the rater with the 

ability to discriminate between the maturity levels. This is closely related to ensuring that 

stage definitions are defined in a meaningful hierarchical path as discussed under construct 

validity. Even if the stage definitions are defined in a meaningful hierarchical path, if the 

definitions are not clear on their own, a lack of responsiveness can occur. Unclear stage 

definitions prevent raters from assigning consistent ratings and consequently make the 

collected data unusable.  

 

Recommendations for LMMs 

As discussed earlier, the concept of maturing in lean management has not been fully 

understood. In such a context, it would be difficult to establish stage definitions with high 

responsiveness. However, the developers of LMMs can pre-test their proposed stage 

definitions before using them in the study. A sample of lean maturity scenarios (representing 

different indicators such as visual management, use of lean tools, problem-solving, and other 

routines) can be used to test stage definitions using a sample of qualified raters.  

Tested for observability 

Consequences of not fulfilling this criterion 

This criterion demands that indicators are defined with observable artifacts. When the 

indicators are defined with observable artifacts, the raters can make objective conclusions 

on their rating consequently leading to higher inter-rater reliability. Failure to achieve this 

would result in inconsistent unusable data.  
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Recommendations for LMMs 

It is common among current LMMs to define indicators at the conceptual level without 

specifying the artifacts to be observed (e.g., smooth information, team management for 

decision-making, and interchangeability of personnel). When indicators are defined at such 

a conceptual level, it is difficult for the raters to assign values with consistency. Instead, lean 

indicators within LMMs should consist of observable artifacts that help raters to arrive at 

consistent ratings (e.g., front-line employees have clear visual management on the shop floor 

to identify when a process is not performing at the target level, there are daily performance 

huddles conducted by each team, root causes are validated at every problem-solving session, 

the manufacturing facility and suppliers are synchronized through an integrated kanban 

system, the coaching schedule of each leader is visible to the employees, lessons learned are 

documented after each problem-solving session, and employees are allowed to attempt 

solving problems before leaders are involved).  

Tested for structural integrity 

Consequences of not fulfilling this criterion 

This criterion demands that LMMs ensure the specified domain components and indicators 

are mutually exclusive and collectively exhaustive (MECE). Domain components are a level 

above the indicators within the LMM structure. If domain components are not MECE, it will 

also make the indicators not MECE. When an LMM is not structurally mutually exclusive, 

the overlapping effect of indicator ratings makes it impossible to aggregate the lean maturity 

as an index value. When the LMM is not collectively exhaustive, establishing construct 

validity becomes difficult.  

 

Recommendations for LMMs 

As discussed in the literature review, LMMs have used a multitude of domain components. 

This indicates a lack of consensus over what the level-2 breakdown of the construct of lean 

management should be. Many LMMs have used lean tools and practices as domain 

components (e.g., JIT and Kanban). We argue that these practices and tools are not mutually 

exclusive, and some are built-in tools within higher-order practices. For example, Kanban is 

a technique used within the higher-order practice JIT. The use of such rationale makes it 

difficult to provide an LMM with MECE and consequently makes them unusable for 
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scientific studies. We argue that the domain components should use lean principles as they 

are inherently mutually exclusive as well as collectively exhaustive. There are three widely 

accepted alternative sets of principles of lean management: 1) the four-Ps (philosophy, 

process, people & partners, and problem-solving) (Liker & Hoseus, 2008), 2) five lean values 

(value, values stream, flow, pull, and perfection) (Womack et al., 1990), and 3) the 14 lean 

management principles of Liker (2004). Once the domain components are expanded into 

indicators, they should be tested for MECE, and this could be achieved by testing against the 

opinions of qualified experts. The two critical questions are applicable in this regard: 1) do 

the indicators completely represent the domain component? and 2) are the indicators 

mutually exclusive from each other? Indicator selection and definition should be refined until 

there is acceptable consensus among the qualified experts on their MECE.   

Tested for language adequacy 

Consequences of not fulfilling this criterion 

This criterion demands that the language used in indicators and stage definitions is 

understandable to the raters. Even if the raters are qualified, indicators and stages that are 

inadequately defined or defined with technical jargon can lead to inconsistent ratings.  

 

Recommendations for LMMs 

As a first step, we recommend converting any lean jargon to the normal business language 

used in the industry context where the LMM is developed. For example, ‘the software 

development process has embedded poka-yoke’ can be understood differently even among 

qualified lean experts. This can be written as ‘the software development process is equipped 

with the automated detection of bugs’. Once written, these indicator statements should be 

tested for language adequacy by using a sample of raters before the actual investigation.  

Model continuously improved 

Consequences of not fulfilling this criterion 

This criterion demands that evidence is provided on how the MM has been improved due to 

pre-testing during the design process and providing suggestions for improvements based on 

the experience of the empirical study. More than methodological accuracy, this criterion 

ensures scientific credibility. Lean management is a complex, multidimensional domain that 

has been understood inconsistently. That makes it impossible for the researchers to get it the 

right first time.  
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Recommendations for LMMs 

We recommend that the studies should clearly state the steps taken at each phase of the 

design process to improve the overall fit-for-purpose. For example, showing what was 

refined after pre-testing the instrument for language adequacy, responsiveness, R&R, etc., 

and listing the weaknesses identified from the empirical study.  

Tested for repeatability & reproducibility (R&R) 

Consequences of not fulfilling this criterion 

This criterion demands that LMMs are tested for R&R before being used in the actual 

investigation. A lack of R&R would make an instrument unusable for scientific purposes as 

the data collected would not truly reflect the reality of the construct. In other words, if 

different raters rate the same level of maturity differently or the same rater rates the same 

level of maturity differently, the assessment results will not be reliable to make any scientific 

conclusions.  

 

Recommendations for LMMs 

The recommendations provided under observability, responsiveness, and language adequacy 

directly contribute to ensuring increased R&R. Once the indicators are tested for these three 

criteria, we recommend an R&R test to verify the final measure of reliability. A set of sample 

scenarios can be used among a sample group of raters to pre-test for R&R. As mentioned in 

table 1, Kappa values or gauge R&R tests used in the six-sigma method can be used. Further, 

we recommend the actual investigation to be conducted with multiple raters as this would 

allow testing of inter-rater reliability on the actual collected data from the enterprise(s).  

Empirical proximal similarity proven 

Consequences of not fulfilling this criterion 

This criterion demands that the construct validity of the LMM is proven within a proximal 

context outside the original empirical investigation. The true proof of reusability and 

generalizability of an LMM is achieved when it can establish construct validity within a 

proximal context outside the context of the original investigation.  
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Recommendations for LMMs 

We recommend this criterion to be achieved via a follow-up study within a specified 

proximal context by establishing construct validity. The original study should specify the 

industry or the context it is developed for (e.g., LMM for the insurance industry), and prove 

its construct validity within its selected sample of insurance companies. To prove the 

generalizability of the LMM, another study could be done covering a different proximal 

context (e.g., an industry similar to the insurance industry or the insurance industry within a 

different geographical setting) and construct validity proven. We agree that this criterion is 

a relatively high expectation from an academic instrument. However, we argue that such an 

achievement will increase not only the academic credibility of the instrument but also the 

industry acceptance of LMMs.  

 

6. CONCLUSION 

 

This paper performs an in-depth investigation into the methodological rigor of the existing lean 

maturity models. A total of 27 qualified LMMs have been rated quantitatively and are evaluated 

qualitatively using 17 methodological criteria. Current literature lacks a comprehensive 

maturity model evaluation method. To fill this gap, using a comprehensive literature review, 

this paper proposes the OVRGP framework (opportunity, validity, reliability, generalizability, 

and process integrity) that includes 17 criteria. The evaluation reveals nine critical weaknesses 

of existing LMMs that include a lack of specified outcome measures, construct validity, rating 

scale responsiveness, indicator observability, structural integrity, language adequacy, evidence 

of continuous improvement, repeatability & reproducibility, and empirical generalizability. 

This paper discusses the consequences of these weaknesses on the LMMs and provides 

recommendations for future studies. In addition, we notice that current LMMs have performed 

relatively better in criteria that do not require empirical investigation or statistical testing. This 

gives the impression that the studies have taken a convenient approach when designing LMMs. 

We conclude that current LMMs are not built with the methodological rigor needed for them to 

be used as instruments to establish relationships between improving lean maturity and 

improving business performance. Fulfilling the 17 criteria proposed by this paper will make 

future LMMs not only fit for scientific needs but also fulfill the industry expectations.  
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RESEARCH PAPER 4 

 

Sustainable entrepreneurship orientation: A formative measurement model 

and application 

 

Abstract  

 

Purpose 

This paper proposes a measurement approach to gauge the Sustainable Entrepreneurship 

Orientation (SEO) in an enterprise. The introduction of a robust measurement approach can 

accelerate the progress of SEO research through improved reliability, generalizability, and 

comparability.  

 

Design/methodology/approach 

Dimensions and firm-behavior indicators representing the SEO construct were introduced using 

a multidisciplinary literature review. The measurement model was established using these 

dimensions and indicators within a MIMIC (Multiple indicators and multiple causes) model 

using established guidelines on formative index construction. Using onsite observations and 

semi-structured interviews, quarterly rounds of maturing SEO levels were measured in a year-

long investigation of a Hungarian private medical clinic to demonstrate the feasibility and the 

reliability. Fleiss’ Kappa values ensured the inter-rater reliability within this multi-rater 

exercise. 

 

Findings 

The paper introduces the measurement approach with EPEC (Economic, People, Environment, 

Community) dimensions of SEO and 36 observable firm-behavior indicators. The case study 

proves the reliability of the instrument within a multi-rater context.  

 

Originality 

Many approaches exist to measure the outcomes of a firm’s sustainability behaviors 

(e.g., triple bottom line approach, sustainability accounting standards, etc.). Measuring firm 
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behaviors is under-researched, and the few existing attempts lack representation of the full SEO 

construct as well as construction rigor as measurement models. The paper fulfills this gap. 

 

Practical implications 

The model can be a frame of reference for practitioners and policymakers in supporting 

integration and capacity building related to sustainable firm behaviors.  

 

Social implications 

Behaviors drive outcomes. Objective measurement of SEO can help enterprises to achieve 

better sustainable outcomes.  

 

KEYWORDS: Sustainable entrepreneurship orientation, Formative measurement model, 

Multidisciplinary literature review, Enterprise behavior indicators, Capability maturity, 

Organizational diagnosis. 

 

1. INTRODUCTION 

 

Concerns over sustainability have become an influential theme in academic, business, and 

diplomatic frontiers in recent years (Rahdari et al., 2016). Unsustainable business practices have 

an adverse impact on both society and environment (Gast & Cesinger, 2017; Ben Youssef et 

al., 2018) creating a need for sustainability in ecology, society, and economy (Gast and 

Cesinger, 2017). Given this context, entrepreneurial activities have been increasingly 

recognized as a vital lever in creating a sustainable future (Patzelt & Shepherd, 2011; Muñoz 

& Cohen, 2018). The concept of Sustainable Entrepreneurship (SE) represents enterprises that 

operate with profit motives while ensuring the sustainability of ecological and social 

dimensions (Schaltegger & Wagner, 2011). It is widely accepted that enterprises of this type 

have Sustainable Entrepreneurial Orientation (Walley & Taylor, 2002; Parrish & Tilley, 2010), 

and SEO will be the term we will use to represent SE throughout this paper. In the last two 

decades, several papers, using varied theoretical underpinnings and empirical approaches, 

attempted to measure the concept of sustainability as it applies to enterprises, e.g., the 

Sustainability balance scorecard by Figge at el. (2002) and measuring the underlying enterprise 

sustainability values by Shepherd et al. (2009). Eventually, SEO with its own evolving thematic 
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identity has been measured in different ways, e.g., measuring the range of SEO activities 

undertaken by the enterprise by Rodgers (2010), and measuring supporting competencies 

underneath SEO by Ploum et al. (2018). Although these pieces of SEO research have led to 

valuable insights, we believe that they lack one or more of the criteria we consider critical for 

measuring the SEO construct at the enterprise level. Firstly, they do not comprehensively cover 

all multi-disciplinary dimensions and sub-dimensions within the scope of SEO; secondly, they 

lack the theoretical rigor necessary for the development of an instrument; and finally, they lack 

the ability to fully gauge the degree of SEO integration within a given enterprise. This paper 

emphasizes the need for a robust approach to understanding the journey of SEO integration 

within a firm from its existing level to a more mature SEO level. Understanding the evolution 

of maturity in SEO requires both empirical evidence to measure the degree of SEO and 

qualitative insights to understand the socio-cultural aspects of the context. Consequently, we 

propose an evidence-based methodological approach to assess the degree of SEO of a firm. 

This hybrid quantitative-qualitative approach will help SEO research to escape from its web of 

philosophical complexity and move forward revealing valuable scientific insights. To achieve 

this in Section 2, through a comprehensive literature review, we identify and explore the key 

dimensions of the SEO domain. These dimensions are then integrated through a new conceptual 

model and expanded into observable SEO firm-behavior indicators. In Section 3, we propose 

an SEO measurement model based on the formative index construction rationale 

(Diamantopoulos and Winklhofer, 2001) using a multiple indicators and multiple causes 

(MIMIC) model (Hauser & Goldberger, 1971; Jöreskog & Goldberger, 1975). In Section 4, we 

demonstrate the use of the proposed approach empirically, using a case study of a Hungarian 

medium-sized, private medical clinic with SEO maturity levels measured over four quarters. 

And last, in Section 5 we discuss how the new measurement model will improve SEO research 

by offering new research possibilities and enhanced generalizations.  
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2. LITERATURE REVIEW 

 

The literature review serves two purposes: 1) define the scope and identify the dimensions of 

SEO, and 2) identify SEO firm behavior indicators within each dimension.  

  

Patzelt and Shepherd (2011, p. 632) define SE as “the discovery, creation, and exploitation of 

opportunities to create future goods and services that sustain the natural and/or communal 

environment and provide development gain for others.” SE contributes to social and economic 

wellbeing by engaging a successful business model activated through corporate economic 

activities (Schaltegger & Wagner, 2011). In other words, in sustainable entrepreneurship, the 

firm’s focus is on the social, environmental, and economic performance synergistically (Greco 

and De Jong, 2017). The core idea behind sustainable enterprises is that entrepreneurial 

activities must not undermine the ecological and communal environments they operate in and 

when necessary, restoration should be done towards the recovery of balance between economic 

activity, nature, and community (Parrish & Tilley, 2010; Shepherd & Patzelt, 2011). To identify 

and summarize key SEO dimensions, 13 acclaimed SEO studies were analyzed. Among many 

studies that have attempted to define the domain, these studies stood out as they have argued 

SEO to be a domain of its own, justified their definition, and used the term SEO when referring 

to the construct. Table 1 shows the selected definitions.   

 

Table 1: SEO definitions from selected studies.  

Study Sustainable Entrepreneurship Definitions 

Crals and 

Vereeck  

(2005, p. 174) 

“Is the continuing commitment by business to behave ethically and 

contribute to economic development, while improving the quality of 

life of the workforce, their families, local communities, the society and 

the world at large, as well as future generations” 

O’Neil et al.  

(2006, p. 34) 

“Is the process of venture creation that links the activities of 

entrepreneurs to the emergence of value created enterprises that 

contribute to the sustainable development of the social-ecological 

system” 
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Cohen and Winn 

(2007, p. 35) 

“Is the examination of how opportunities to bring into existence 

‘future’ goods and services are discovered, created, and exploited, by 

whom, and with what economic, psychological, social and 

environmental consequences” 

Dean and 

McMullen  

(2007, p. 58) 

“Is the process of discovering, evaluating, and exploiting economic 

opportunities that are present in market failures which detract from 

sustainable, including those that are environmentally relevant” 

Katsikis and 

Kyrgidou  

(2007, p.02) 

“The teleological process aiming at the achievement of sustainable 

development, by discovering, evaluating and exploiting opportunities 

and creating value that produces economic prosperity, social cohesion 

and environmental protection” 

Hockerts and 

Wunstenhagen 

(2010, p.482) 

“Is the discovery and exploitation of economic opportunities though the 

generation of market disequilibria that initiate the transformation of a 

sector towards an environmentally and a socially more sustainable 

state” 

Pacheco et al. 

(2010, p.471) 

“Is the discovery, creation, evaluation, and exploitation of opportunities 

to create future goods and services that is consistent with sustainable 

development goals” 

Patzelt and 

Shepherd  

(2011, p.632) 

“Is the discovery, creation, and exploitation of opportunities to create 

future goods and services that sustain the natural and/or communal 

environment and provide development gain for others” 

Schaltegger and 

Wagner  

(2011, p.226) 

“An innovative, market-oriented and personality driven form of 

creating economic and societal value by means of break-through 

environmentally or socially beneficial market or institutional 

innovations” 

Shepherd and 

Patzelt (2011, p. 

142) 

“Is focused on the preservation of nature, life support, and community 

in the pursuit of perceived opportunities to bring into existence future 

products, processes, and services for gain, where gain is broadly 

construed to include economic and non-economic gains to individuals, 

the economy, and society” 

Lans et al.,  

(2014, p.37) 

“A way of generating competitive advantage by identifying 

sustainability as new business opportunities, resulting in new and 

sustainable products, methods of production or ways of organizing 

business processes in a sustainable way” 
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Belz and Binder  

(2017, p.2) 

“The recognition, development and exploitation of opportunities by 

individuals to bring into existence future goods and services with 

economic, social and ecological gains” 

Urbaniec  

(2018, P.1775) 

“The types of business development practices that provide new 

opportunities for innovative corporate activities at the nexus of 

ecological and social issues” 

 

Among the dimensions highlighted in these studies, there is almost universal consensus on the 

realization of economic opportunities, and sustainable enterprise behavior related to the ecology 

and community. We observe that the human capital dimension does not stand out in most 

definitions.  However, the inclusion of the human capital dimension as an important pillar has 

been advocated by many sustainability researchers (Spence et al., 2011; Courrent & Chass, 

2018) and in alignment, in this paper, we will include the sustainability orientation of the firm 

towards its people as a separate SEO dimension. In summary, we will use the following terms 

for the identified four dimensions: Entrepreneurial Orientation (EO1) to represent the economic 

dimension, Environmental Orientation (EO2) to represent the environment/nature dimension, 

People Orientation (PO) to represent the human capital dimension and Communal Orientation 

(CO) to represent the social/communal dimension. We have chosen the word ‘community’ 

aligned with the view that the enterprise is a responsible citizen of the community it operates 

in. Combining these into an acronym, we will call them EPEC dimensions of SEO from here 

onwards. Figure 1 is a graphical expression of these four orientations collectively defining the 

overall concept of SEO.  
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Figure 1: EPEC dimensions of SEO 

 

 

2.1 Entrepreneurial Orientation (EO1) 

 

Covin and Slevin (1998) argue that EO1 could be measured by aggregating the extent to which 

a firm’s senior management is inclined to take risks and compete aggressively, in order to gain 

a competitive advantage (Covin & Slevin, 1998). Conceptually, most studies include 

proactiveness, innovativeness, and risk-taking as dimensions of a firm’s EO1 (Miller, 1983; 

Lumpkin and Dess, 1996; Covin & Slevin, 1998; Voss et al., 2005). Other than these three most 

common dimensions, some of the studies include ‘competitive aggressiveness’ (Lumpkin & 

Dess, 1996; Covin & Slevin, 1998), and ‘acting autonomously’ (Lumpkin & Dess, 1996; Voss 

et al., 2005) as definitions within their conceptualization of EO1. 

 

2.1.1 Innovation  

Covin and Miles (1999, p. 54) theorized that “innovation, broadly defined, is the single common 

theme underlying all forms of corporate entrepreneurship.” In terms of firm behavior, 

innovativeness could be demonstrated by the introduction of new products, services, quality 

levels, new methods, processes, administrative procedures, technologies, (Schumpeter, 1934; 

Miller & Friesens, 1982; Covin & Slevin, 1989), the opening of a new market, discovering new 

manufacturing inputs (Schumpeter, 1934), and improving current products (Mallick et al., 

2013). Covin & Slevin, (1989) measure emphasis on Research and Development, technological 
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leadership, new lines of products or services marketed by the firm, and changes in product or 

service lines as attributes of a firm’s innovative behavior. Hughes and Morgan (2007) include 

the active introduction of improvements and innovation within the firm, creativity in methods 

of operations, and searching for new ways of doing things as the firm behaviors representing 

innovativeness.  

 

2.1.2 Proactiveness 

Most research includes (1) a firm’s ability/willingness to exploit favorable opportunities, and 

(2) a firm’s aggressiveness towards rivals, as the two attributes of being proactive (Stevenson 

& Jarillo, 1990; Knight, 1997). Proactive firm behavior has been characterized by a firm’s 

forward-thinking perspective toward new product introduction, the anticipation of future 

demand (Venkataraman & Van de Ven, 1998), and tactically elimination of dying products 

(Venkataraman & Van de Ven, 1998), in a way to obtain a competitive advantage (Stevenson 

& Jarillo, 1990; Venkataraman & Van de Ven, 1998;), sustain the competitive advantage 

(Ireland, 2001) and generating wealth (Lumpkin & Dess, 1996; Daily et al., 2002). This paper 

follows most studies by treating ‘competitive aggressiveness’ as part of a firm’s proactiveness 

although some scholars have treated them separately (Covin & Covin, 1990; Hughes and 

Morgan, 2007). Covin & Slevin (1989) measure the initiation of actions which eventually 

competitors respond to, being the first to introduce new products, administrative techniques, 

and operating technology, and in general, having a posture that un-do the competition as 

proactive firm behaviors. Hughes and Morgan (2007) include taking initiative in every 

situation, excelling in identifying new opportunities, initiating actions that competitors respond 

to, as measures of proactiveness and being intensely competitive, taking a bold approach in 

competing, and trying to undo competition in the best way as measures of competitive 

aggression.  

 

2.1.3 Risk-taking 

John Stuart Mill (1848) defines risk-taking as the most important aspect of entrepreneurship. 

Firm behaviors characterizing risk-taking have been included in studies as making risky 

commitments with possible financial losses (Baird & Thomas, 1985), venturing into the 

unknown, borrowing heavily (Miller & Friesen, 1982), having previous risk-taking records 

(Thaler & Johnson, 1990), and ability to perform under risky situations (Slovic et al., 2000). 
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Covin and Slevin (1989) present measures for top managers’ proclivity for high-risk projects, 

top managers’ belief about the necessity of bold actions towards achieving firm objectives, and 

demonstration of an aggressive posture in situations of uncertainty (Covin & Slevin, 1989). 

Hughes and Morgan (2007) include people in the firm perceiving ‘risk-taking’ positively, 

people in the firm are encouraged to take the risk and have new ideas and demonstrate 

exploration and experimentation using opportunities as risk-taking behaviors.  

 

2.2 People Orientation (PO) 

 

PO concerns human resource issues in terms of how enterprises treat their employees, 

promotion of social cohesion, and care for employees (Janssen 2001; Crals & Vereeck, 2005). 

Conceptually, the PO dimension shows connections to social capital thinking, humanistic 

management, human resources management (HRM), and servant leadership. Social capital 

concerns sustaining human resources in cohesive organizational relationships demonstrated by 

the employment practices of the enterprise (Leana & Van Buren, 1999; Pastoriza et al., 2008). 

Humanistic management concerns upholding unconditional human dignity (Melé, 2003; 

Spitzeck, 2011), responsible conduct towards the workforce (von Kimakowitz et al., 2011), and 

providing a humanistic direction and a perspective for management decisions (Sison, 2008, 

Spitzeck, 2011). HRM deals with increasing participation, empowerment, ownership, 

workforce development, compensation, and information sharing (Pfeffer, 1994). Finally, 

servant leadership concerns ethics, virtues, and morality (Graham, 1991; Whetstone, 2002), and 

serving people unselfishly (Parris & Peachey, 2013). Conceptually, summarizing ideas from 

these different domains, we consider sub-dimensions of PO as; employees are given an 

environment where they are being heard, there is justice, they are being given the ability to 

perform and the opportunity to perform. In other words, the PO of a firm consists of empathy, 

equity, enablement, and empowerment. We find similar elements to be consistent with other 

related schools of thought such as humane entrepreneurship (Kim et al., 2018) and social justice 

(Tyler, 2006). We find ‘Act autonomously’ treated by some scholars as a dimension of EO1 

(Lumpkin & Dess, 1996; Voss et al., 2005) consistent with the thinking behind the mentioned 

concept ‘empowerment’; hence treated accordingly in this paper under PO.  
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2.2.1 Empathy  

Kim et al., (2018, p. 21) define empathy of a firm as “The extent to which a company shares 

emotions and information with its employees”. Studies contributing to understanding 

organizational empathy can be found in domains such as emotional intelligence (Mayer et al., 

1999; Goleman, 2000), charismatic leadership (Choi, 2006; Wong & Law, 2002), virtuous 

behavior (Fineman, 2006), and emotional capability of organizations (Huy, 1999). 

Characteristics demonstrating empathy include understanding another person’s motives, 

values, and emotions (Salovey & Mayer, 1990; Judge & Piccol, 2004), emotional/cognitive 

reactions (Decety & Jackson, 2006), and sensitivity towards needs, emotions, and efforts of 

followers as leaders/managers (Conger & Kanungo, 1998). These attributes of empathy as firm 

behavior include managing employee emotions, especially during change (Huy, 1999), 

identifying emotions and acting upon them (Huy, 1999), taking into account employees’ 

personal constraints when organizing work (Courrent & Chass, 2018), having methods to 

develop coaching skills of key members, informal communication structures, open dialogues, 

change communication (Salovey & Mayer, 1990; Huy, 1999), and ‘voice of employee’ 

practices (Pyman et al., 2006; Kim et al., 2010). 

 

2.2.2 Equity  

Kim et al. (2018, p. 21) define equity at the firm behavior level as “The extent to which a 

company treats individuals in a fair and equal manner.” Equity-related studies can be found 

under the domain of organizational justice. Organizational justice is of three types; distributive, 

procedural, and interactional, which together constitute the overall fairness system within the 

organization (Ambrose & Schminke, 2007). Distributive justice is the fairness in decisions 

related to resource allocation (Greenberg, 1987; Colquitt et al., 2001), procedural justice is the 

fairness in policies, procedures, and regulations that governs managerial decisions, (Colquitt et 

al., 2001), and interactional justice is the fairness experienced because of managerial decisions 

(Colquitt et al., 2001) that are generally made by persons with authority in the firm (Cropanzano 

et at., 2007). Interactional justice can be achieved by providing necessary information related 

to key management decisions with their rationale (Bies & Shapiro, 1987). From a different point 

of view, internal justice within a firm can be either interpersonal (people are treated with 

respect, inclusiveness, and courtesy) or informational (timely information and rationale are 

provided) (Colquitt et al., 2001).  
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2.2.3 Empowerment  

Empowerment studies have carried two main perspectives; an act of granting power/delegation 

to a person (London, 1993; Donaldson & Preston, 1995), or a process of gaining the experience 

of power or psychological enabling, the psychological state of being empowered (Conger and 

Kanungo, 1988; Spreitzer, 1995). Kim et al. (2018, p. 21) define empowerment as “The extent 

to which a company delegates power and responsibility from higher levels of the organizational 

hierarchy to lower-level employees, especially with regards to the employee’s ability to make 

decisions.” Firm behavior on empowerment includes providing participative opportunities in 

decisions/transformation, removing barriers with top management (Yukl, 1989; Florida & 

Goodnight, 2005), and eliminating conditions of powerlessness (Conger & Kanungo, 1988). As 

pointed out earlier the attribute ‘act autonomously’ is treated within the PO dimension. EO1 

studies have included firm-behavior demonstrating ‘act autonomously’ as, permission to act 

with no interferences, carry out improvements to the way employees perform the tasks 

independently, freedom to communicate without interferences, freedom to act alone in the 

interest of the business, and having access to vital information (Hughes & Morgan, 2007; 

Lumpkin et al., 2009).  

 

2.2.4 Enablement  

Kim et al. (2018, p. 21) define enablement as “The extent to which a company provides the 

environment where each and every employee is able to develop their skills and knowledge”. 

An enabling work environment can be characterized by the extent to which an employee 

perceives that firm as providing knowledge, the opportunity for sharing, and tools and processes 

that provide the capability to perform (Choo & Neto, 2010). Research on employee skills has 

flourished for over a hundred years (Bell et. at., 2017) and diverse approaches to achieving 

these have been studied such as, competency-based systems (Horton, 2000; Rodriguez et al., 

2002), technology-based approaches (Orvis et al., 2009, Sitzmann et al., 2010), on-the-job 

methods, employee participated active learning (Bell et. al., 2017) and participating employees 

in decision making (Courrent & Chass, 2018). Firm behaviors of employee enablement could 

also be found in ‘learning climate’ studies such as having activities in place for employees to 

create, acquire and transfer knowledge (Eldor & Harpaz, 2016) and in ‘learning organization’ 

studies such as having methods to distribute, share learning and reward the application of 
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learning (Bates & Khasawneh, 2005), with the necessary infrastructure in place (Choo & Neto, 

2010).  

 

2.3 Environmental Orientation (EO2) 

 

From a sustainability perspective, the environment refers to the physical world and specifically 

its ecosystems, biodiversity, green spaces, and sources of life support (Costanza et al., 1997; 

Parris & Kates, 2003). Environmental Sustainability Index emphasizes the importance that 

“vital environmental systems are maintained at healthy levels, and to the extent to which levels 

are improving rather than deteriorating” [and] “levels of anthropogenic stress are low enough 

to engender no demonstrable harm to its environmental systems” (Esty & Porter, 2005, p. 11). 

From an SEO point of view, Patzelt and Shepherd (2011) emphasize the environment and its 

sources of life support as key aspects to be sustained. Within entrepreneurial studies, EO2 has 

taken different labels such as green entrepreneur organization (GEO) (Ndubisi & Nair, 2009), 

environmental entrepreneur (O’Neill & Gibbs, 2016), eco-preneurship (Gibbs, 2006), and 

enviropreneurship (Menon & Menon, 1997). O’Neill and Gibbs (2016, p. 1731) define ‘green 

entrepreneur’ from a firm behavior point of view as “… those entrepreneurs who run businesses 

to achieve both environmental and business goals, and who wish to transform their sectors to 

be more sustainable.” Sustainable entrepreneurs take firm steps in improving the quality of their 

processes while minimizing the environmental impacts. Most of these enterprises make 

significant efforts to ensure their manufacturing processes are free of emissions and waste as 

possible. This also means consumption of resources not more than the amount restored (Choi 

& Gray, 2008). Firm behaviors of EO2 include establishing recycling, delivering 

environmentally successful solutions, eliminating exploitation of resources of others (O’Neill 

& Gibbs, 2016), introducing eco-friendly products and services (Dean & McMullen, 2007; 

Hatcher et al., 2011), developing EO2 capabilities (Leonidou et al., 2017), introducing 

sustainable products and processes throughout the organization (Choi & Gray, 2008; Kahupi et 

al., 2021), using natural and biodegradable inputs (Choi & Gray, 2008), using composite and 

recyclable materials (Graham & McAdam, 2016), reducing water and fossil fuels consumption 

(Triguero et al., 2013) and ensuring that product designs are easy to use and recyclable before 

starting manufacturing activities (Hatcher et al., 2011).  
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2.4 Communal Orientation (CO) 

 

Communities imply complex networks of relationships among a group of individuals sharing 

values, norms, history, identities, and meaning (Etzioni, 1996). Sustainability views related to 

communities are, generally, concerns over the socioeconomic status (Oakes & Rossi, 2003), 

psychological (Twenge & Campbell, 2002), emotional (Gallo & Matthews, 2003), and physical 

health (Hanson & Chen, 2007) of its people. Communities may be affected by different 

conditions of education, health, employment, and economic status based on their own realities 

(Rahdari et al., 2016). Academic discussions over problems related to the role of enterprises 

related to these conditions are common (Rahdari et al., 2016; Ben Youssef et al., 2018). 

Shepherd and Patzelt (2011) consider communities as an important aspect where sustainable 

entrepreneurs need to develop and minimize harm (Choi & Gray, 2008). Sustainable 

entrepreneurs do not exploit native communities, support their business partners coming from 

these communities, and allocate funds for these purposes (Choi & Gray, 2008). Further firm 

behaviors demonstrating CO include exploitation of opportunities to enhance social wealth, 

paying attention to social needs, social change (Zahra et al., 2009), the inclusion of beneficiaries 

in the value creation process, value creation for social beneficiaries (Courrent & Chass, 2018), 

ensuring health and safety of community participants  (Feng et al., 2016), helping redistribution 

of wealth by enabling communities to take part in market activities through the creation of own 

businesses (Pepin, 2005; Spencer et al., 2008) and favoring local suppliers (Courrent & Chass, 

2018), and integration of socially contributing activities within the commercial activities 

(Fowler, 2000; Alter, 2006).  

 

3. A NEW SEO MEASUREMENT APPROACH  

 

This section serves three main objectives: 1) establish our position on the relationship between 

SEO and firm performance and present a conceptual model, 2) justify the selected measurement 

approach for SEO, and 3) introduce a measurement tool that comprises the list of indicators and 

the selected rating approach.  

 

 

 



                                             

119 

 

3.1 A new SEO conceptual model 

 

The link between SEO and firm performance has been a popular topic (Courrent & Chass, 

2018). EO1’s positive relationship to firm performance (Zahra & Garvis, 2000; Wiklund & 

Shepherd, 2005), the positive relationship of firm performance with EO2 and CO (Orlitzky et 

al., 2003; van Beurden & Gössling, 2008; Dai et al., 2017) and positive relationship of firm 

performance with PO (Hammann et al., 2009, Westerman et al., 2020) have been well 

established. However, this relationship has also been disputed due to reasons such as lack of 

mastery over the topic (Courrent & Chass, 2018), difficulty in arriving at precision (Baden and 

Harwood, 2013), focusing only on financial measures as outcome variables (Courrent & Chass, 

2018), and complexity of performance dimensions especially when sustainable intentions are 

concerned (Perrini et al., 2011). Courrent & Chass, (2018) claim that SEO of a firm is to be a 

resource, a capability and is closely related to resource-based views which emphasize 

mobilization and the use of resources and capabilities that, taken together, lead to positive 

enterprise performance and competitive advantages (Branco & Rodrigues, 2006). Grant (1996, 

p. 377), defines an organizational capability as the “ability to perform repeatedly a productive 

task which relates either directly or indirectly to a firm’s capacity for creating value through 

effecting the transformation of inputs into outputs”. Collis (1994) claims these organizational 

capabilities to be ‘socially complex routines’ that help create defined outcomes within an 

enterprise. Hence, we argue that SEO should be measured using indicators that represent such 

repetitive behavior routines, and processes of a firm based on the degree to which they are 

integrated.  Further, we argue SEO to be a ‘meaningful shared value’ (Dembek et al., 2015), 

and a way of working that can be intentionally created. Schein (1985) argues that value-based 

cultures (in this case SEO) are created by leaders and large-scale performance improvements 

can be gained because of shared culture. The positive relationship between leadership behavior 

with financial performance (Koene et al., 2002), environmental performance (Liao and Zhang, 

2020), communal performance (Igalla, 2019), and sustainable human capital performance 

(especially considering the dimensions discussed in this paper) (Birasnav, 2011), have been 

well established in academic research. However, we argue that it is the role of leadership 

behavior to synergistically integrate the dimensions identified in this paper within the SEO 

ecosystem. Only a few studies have entered this academic territory such as the ‘idealized 

enterprise leadership model’ by Kerr (2005) which incorporates sustainable behavior within an 
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enterprise. Aligned with these views, we argue that deliberate leadership and strategic decisions 

influence the status of SEO, SEO has a positive relationship to firm performance, and firm 

performance outcomes in this case should be measured with indicators representing all EPEC 

dimensions (economic, people, environmental and communal). Though a comprehensive 

instrument to measure SEO is absent within academia, there are many frameworks that can be 

used to measure the outcomes of SEO. For example, the triple bottom line measures (TBL) 

(Tate & Bals, 2018) and the seventeen sustainable development goals (SDGs) set by the United 

Nations (United Nations – General Assembly, 2015) for economic, social, and environmental 

sustainability dimensions (Dhahri, 2021) can be used to establish outcome variables. A diverse 

set of institutional approaches such as the global reporting initiative (GRI, 2022), sustainability 

accounting standards board (SASB, 2022), and the International integrated reporting 

framework (IIRF, 2022) have emerged in the recent decades. These standards in many cases 

measure quantitative outcome measures in absolute values such as the total energy 

consumption, and water consumption of a firm.  A vast array of outcome variables is 

incorporated within these standards and an enterprise could use them to measure the outcomes 

of SEO behaviors. These standards also clearly specify best practices of organizational 

governance that should be established to become sustainable enterprises. In summary, our 

conceptual model holds the position that leadership and governance drive SEO within an 

enterprise which ultimately results in positive outcomes in the enterprise’s performance in 

economic, environmental communal, and people dimensions. In other words, leadership 

behavior along with governance influences the integration of SEO, and SEO helps enterprises 

to improve performance in sustainable outcomes (e.g., profits, waste reduction, communal 

contribution, employee satisfaction, etc.). Figure 2 is a graphical demonstration of how we 

propose to position the measurement of SEO. It shows the relationships and their directions 

which are already justified. Both EO1 and PO have sub-orientations that can be measured as 

separate firm attributes/values. From the detailed literature review we have conducted, no 

subdimensions in CO and EO2 emerged.  
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Figure 2: SEO conceptual model with dimensions and sub-dimensions 

 

 

3.2 Selection of Measurement Approach 

 

SEO is claimed to be a latent construct (Lumpkin & Dess, 1996; Covin et al., 2006; Covin & 

Wales, 2012). Latent constructs are “phenomena of theoretical interest which cannot be directly 

observed and have to be assessed by manifest measures which are observable” 

(Diamantopoulos et al., 2008, p. 1205). Within entrepreneurial studies, it is contested if EO1 

should be measured formatively or reflectively (for example, Lyon et al., 2000; Covin et al., 

2006). Formative measurement models are appropriate when the assumed direction of causality 

is from the measures toward the latent construct (Covin & Wales, 2012). Bagozzi (1982, p. 15) 

argues that (a formative approach is appropriate when) “a concept becomes its measure and has 

no meaning beyond that measure … entire meaning of a theoretical concept is assigned to its 

measurement and any theoretical concept has one and only one measurement”. Apart from this, 

a formative model is also recommended when; the latent construct is a result of the linear sum 

of a set of measures, when the dependent variable is determined by the linear combination of 

measures that represent independent variables when the measures produce the latent construct 

(Fornell & Bookstein, 1982; Bagozzi, 1994), and when the latent construct requires all 

indicators to be complete (Bollen & Lennox, 1991). In contrast, reflective models assume that 

the direction of causality is from latent construct towards its measures (Covin & Wales, 2012), 
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so, in other words, “underlying factors give rise to something that is observed” (Fornell and 

Bookstein, 1982, p. 292). In reflective models, the removal of an item does not impact the nature 

of the latent construct (Bollen & Lennox, 1991), measures reflect the same latent thematic 

construct (Covin & Wales, 2012), and correlations between measures and internal consistency 

are expected to establish the strength of the measurement model (Diamantopoulos and 

Winklhofer, 2001; Covin & Wales, 2012). SEO on its own cannot be observed and it is the firm 

behaviors that can be used as indicators to measure the existence of SEO, and elimination of 

any dimension of a behavior underneath would dilute the magnitude of the entire construct. 

Hence, we argue SEO to be a latent formative construct at all levels, from behaviors to 

dimensions and from dimensions to the ultimate holistic latent construct SEO.  

 

3.3 Index construction  

 

Literature providing guidance on index construction is rare compared to scale development 

(Spector, 1992). However, to provide robustness in measuring SEO using the proposed 

formative index, we have used four criteria set by Diamantopoulos and Winklhofer (2001). 

First, ‘Content specification’ is the specification of the scope of the latent construct. Content 

specification is important as formative indexes are abstract and ambiguous relative to the 

reflective indicators (Bagozzi, 1994), and the breadth of definitions is extremely important 

(Nunnally and Bernstein, 1994). The proposed formative approach for SEO is based on a 

detailed literature review to establish a full breath of domains to ensure that no dimensions are 

excluded. Each dimension, the purpose of its inclusion, and firm behaviors within each are 

thoroughly examined. Second, ‘Indicator specification’ is met when indicators are identified 

covering the full breadth of specified content within the construct (Bollen & Lennox, 1991; 

Diamantopoulos & Winklhofer, 2001). A thorough literature review has ensured firm behaviors 

(indicators of the construct) specifying each dimension and subdimension are listed. Where 

possible, these indicators are identified from already established measurement systems. In 

addition, we have avoided potential reliability issues by ensuring that indicator statements are 

written in observable and evidence-based firm behavior statements. A thorough observation of 

widely accepted firm capability measurement approaches allowed us to embed this rigor into 

indicator definition (e.g.  Capability Maturity Model Integration/CMMI, Paulk, et al., 1993; 

People Capability Maturity Model (PCMM), Curtis et at., 1995; and Knowledge Management 
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Maturity Model, Khatibian et. el., 2010). Initial indicator statements were developed using 

conventional guidelines on length, clarity, directionality, and avoidance of ambiguity and 

jargon (Spector, 1992), overlaps are eliminated, and statements are tested for consistency of 

interpretation using a sample of qualified volunteers. Third, ‘Indicator collinearity’ – is the risk 

of difficulty to isolate the influence of independent variables and instability of indicator 

coefficients, which occur due to excessive collinearity among indicators (Diamantopoulos and 

Winklhofer, 2001). Generally, scholars have adapted the elimination of indicators with high 

correlation based on the variance inflation factor (VIF) for formative models (Diamantopoulos 

& Siguaw, 2006). However, the elimination of indicators purely based on statistical grounds 

can dilute the meaning of the latent construct (Bollen & Lennox, 1991). Given the nature of 

SEO, we argue that the meaning of the overall model will be diluted if some of the selected 

indicators are eliminated. Measuring SEO objectively and inclusively provides broader 

scientific utility in understanding the evolving phenomena SEO. Fourth, ‘External validity’, 

implies a strong relation of indicators to the focal variable (Bagozzi, 1994; Diamantopoulos & 

Winklhofer, 2001). Diamantopoulos and Winklhofer (2001) suggest using a Multiple indicators 

and multiple causes (MIMIC) model (Hauser & Goldberger, 1971; Jöreskog & Goldberger, 

1975) where the indicators are used ‘as a set’ and link the overall relationship reflectively to an 

external criterion variable that summarizes the meaning of the construct. This argument shows 

consistency with the summarized conceptual model (Figure 2), where the degree of SEO as a 

latent formative construct could be linked reflectively with firm performance as an external 

criterion variable. Figure 3 shows the formative SEO MIMIC model with three orders. The 

indicators representing each variable were extracted from the studies explored in the literature 

review and are listed in Table 2.  
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Figure 3: Formative SEO measurement approach within the MIMIC model 

 

 

3.4 A new SEO measurement tool 

Table 2 shows the firm behavior indicators representing the formative structure of Figure 3.  

 

Table 2: Firm behavior indicators of SEO dimensions 
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x1
1
1

 Compared to the competition, the firm has introduced regular new 

products/services and has new products work in progress. 

x1
1
2
 The firm regularly makes improvements to the existing products and services 

compared to the competition. 

x1
1
3
 The firm constantly reviews existing processes and methods of operations 

and makes improvements.  

x1
1
4
 The firm has dedicated human/financial resources allocated to develop new 

products/services and improve methods of operations. 
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x1
2
1
 The firm commits to projects that can be considered high-risk for the size of 

the firm and its strength. 
x1

2
2
 The firm commits a high portion of resources to opportunities that can be 

considered high-risk and high return. 

x1
2
3
 During times of uncertainty, the firm takes bold decisions using uncertainty 

as an opportunity. 

x1
2
4
 The firm experiments with new opportunities even if the outcomes are not 

fully certain. 

x1
2
5
 Employees of the firm are encouraged and rewarded for bringing new ideas 

and taking risks. 
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x1
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1

 Compared to the competition, the firm identifies and responds faster to 

opportunities. 

x1
3
2
 The firm is usually the first to introduce new products and services to the 

market compared to the competition. 

x1
3
3
 When competitors take new opportunities, the firm usually takes a bold non-

defensive response. 

x1
3
4
 The firm does not continue with dying products for long and takes action to 

discontinue them. 
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x2
1
1
 The firm makes a regular effort to gain insights into the emotional and 

cognitive concerns of employees. 

x2
1
2
 The skills of leaders are continuously improved to understand and manage 

the emotional and cognitive concerns of employees. 

x2
1
3

 There are formal and informal channels in place for employees to express 

their emotional and cognitive concerns. 

x2
1
4

 Communication of change clearly takes the emotional and cognitive 

concerns of employees into consideration. 
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1
 The firm makes fair resource allocation decisions related to employees. 

x2
2
2
 The design and implementation of firm policies related to employees are 

done with fairness as a consideration. 

x2
2
3
 The management of the firm clearly communicates the rationale behind 

employee-related decisions. 
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x2
3
1
 The firm regularly identifies and reduces practices that reduce employee 

work-related independence. 
x2

3
2
 Employees of the firm regularly receive participative opportunities to 

contribute to transformative activities. 

x2
3
3
 The firm identifies and removes barriers to access to top management for 

employees.  

x2
3
4
 The firm’s management provides clear directions, access to information, and 

resources that enable employees to work. 

x2
3
5
 Employees are regularly provided with a sense of purpose for their 

individual roles and the firm's direction. 
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1

 The firm has methods in place for employees to acquire skills and 

knowledge. 

x2
4
2
 The firm provides methods and opportunities for employees to share 

knowledge with other employees. 

x2
4
3
 Employees are rewarded and appreciated for acquiring new skills and 

knowledge with self-initiative. 

x2
4
4
 Employees are given opportunities to use the new knowledge and skills they 

have acquired. 
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x3
1
1
 The firm develops eco-friendly new products and services and improves the 

eco-friendliness of current products and services. 

x3
1
2
 The firm has procedures in place to continuously reduce fossil fuel and water 

consumption. 

x3
1
3

 The firm has methods in place to continuously reduce pollution and the use 

of hazardous materials. 

x3
1
4

 The firm allocates resources to develop skills and capabilities needed to 

improve eco-friendliness. 
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C
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x4
1
1
 The firm develops products and services that contribute positively to the 

community. 

x4
1
2
 The firm includes beneficiaries from the communities in the process of 

producing and distributing products and services. 

x4
1

3
 The firm includes social activities within its commercial plans and activities. 
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3.4.1 Index rating 

Studies proposing formative indexes have used different approaches to rate their indicators, 

e.g., ‘not at all – to – great extent’ in the company resource sharing index (Burke, 1984) and 

‘never’ to ‘almost always’ rating in the ecological awareness index (Richins & Dawson, 1992), 

and perceived goodness in dining experience index (Cao et. al., 2019). Institutionalization of 

SEO is a firm-level capability and a holistic management approach related to an organization 

and it evolves through phases of maturity (Baumgartner & Ebner, 2010; Meza-Ruiz et. al., 

2017). We propose the use of maturity level rating as an appropriate approach to rating the 

degree of integration of SEO within a firm. Baumgartner and Ebner (2010) attempted to define 

the maturity phases of sustainability practices. However, examining these phase definitions, we 

found the demarcations lacked the clarity to enable discrimination between phases in a rating 

exercise. Further, the levels identified by Baumgartner and Ebner (2010) are purely based on 

the authors’ cognitive interpretation of maturity levels and not based on any established models. 

Therefore, to arrive at maturity rating definitions, we have reviewed some widely accepted 

maturity models in other domains namely, Capability Maturity Model Integration/CMMI 

(Paulk et al., 1993), People Capability Maturity Model-PCMM (Curtis et at., 1995), and 

Knowledge Management Maturity Model (Khatibian et. el., 2010). We summarized the key 

characteristics of phases within these models and created ‘0 to 5’ generic maturity level 

definitions (Table 3) to be used in rating each SEO indicator in Table 3.  

 

Table 3: Definitions of generic maturity levels to rate each SEO indicator 

 

0 Incomplete No evidence or little occasional evidence 

1 Initial 

Ad-hoc and inconsistent  

Performed to react to a situation of pressure  

Performed to meet an obligation or compliance 

Outcomes of performed behaviors are not known or negligible 

2 Repeatable 

Behavior is documented in firm's policies and procedures 

There is an established plan of execution 

Responsibilities are assigned 

Behavior is consistent with only minor variations  



                                             

128 

 

3 Defined 

Behavior has set objectives 

People related to the firm behavior are trained 

Outcomes of the behavior is known  

Behavior is standardized and practiced 

4 Managed 

Behavior is measured and gaps are corrected 

Behavior is established at individual, team, and firm level with targets 

Performance of the behavior is managed at individual, team, and firm 

level 

There is visibility when the behavior is not meeting the standard 

5 Optimizing 

There are continuous improvement objectives related to the behavior 

There are actions and attempts in place to innovate the behavior 

Employees and stakeholders strongly agree with the behavior 

The firm is considered a place of best practice for the behavior  

 

 

4. EMPIRICAL ILLUSTRATION: A CASE STUDY 

 

The objective of the empirical case is to demonstrate the systematic use of the SEO 

measurement tool, prove its reliability and highlight its benefits. Given the nature of SEO being 

an organizational phenomenon, assessing the maturity rating with reliability demands a 

combination of quantitative and qualitative techniques. Categorical ratings should not be solely 

based on the opinions of members of the organization, but on objective evidence-based 

judgment supported by organizational artifacts and observable firm behaviors. These objective 

evidence-based judgments should have acceptable inter-rater reliability irrespective of whether 

the raters are employees, managers, or researchers. A single-firm case study approach was 

chosen as the empirical context (Yin, 2017), where SEO was measured over four quarters 

allowing the observation of evolving SEO maturity. In each quarter, the SEO tool was deployed 

as a self-assessment tool similar to lean maturity self-assessment (Urban, 2015) and risk 

management maturity self-assessment (Wibowo & Taufik, 2017). However, to ensure ratings 

are based on objective evidence, semi-structured interviews (SSIs) (Bartholomew et. al., 2000) 

and artifacts and other sources of evidence within the case (Yin, 2017) were used. Ratings 

among fifteen employees, four managers, and the two researchers were tested for inter-rater 
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(multi-rater) reliability (Fleiss, 1971; Hallgren, 2012) and interpreted using acceptability 

criteria set by Landis and Koch (1977). 

 

4.1 Case selection 

 

After the initial search, 10 firms were short-listed to be contacted based on the criteria that they 

are small/medium in size and have some evidence of sustainability practices. The firms were 

contacted with a proposal that included, the objectives, benefits of measuring SEO, and the 

need for commitment and willingness to measure SEO over four quarters. Four firms agreed to 

a meeting with the management for a detailed discussion and in the end, Egészség Kft (fictitious 

name), a Hungarian medium-sized, private medical clinic was selected based on the final 

selection criteria (willingness to commit time and resources, having an orientation towards 

sustainable ways of working, willingness to incorporate PO and demonstrated motivation of the 

CEO). Egészség Kft has been in business for over 15 years and reports over 15,000 patient 

visitations a year. The firm is staffed with over thirty full-time employees, two senior directors 

reporting to the CEO, and four team managers reporting to the directors. Staff is employed in 

roles such as in-house nursing, administration, call center, reception, sales, and management. 

Structurally these roles are grouped within four management functions: marketing, reception 

and call center, administrative, and operations. 

 

4.2 SEO maturity assessment procedure 

 

A standard SEO assessment procedure was used (Figure 4) in all quarters to ensure 

methodological consistency. The cycle started by collecting qualitative data on actions taken 

related to indicators followed by semi-structured interviews (SSI). 19 interviews were 

conducted in each round covering 15 employees representing all the functions and four 

managers. The employees were chosen on the basis that they have been in the firm for at least 

six months, and they are full-time employees to ensure they have had sufficient experience with 

the level of SEO within the firm. The four managers represented each of the functions: 

marketing, reception and call center, administrative, and operations. The structure of the SSIs 

followed the sequence of SEO indicators, was descriptive-confirmative and descriptive-

interpretive in style (McIntosh & Morse, 2015), and used standard open-ended questions 
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supported by probing for evidence (Bartholomew et. al., 2000). At the end of each SSI, the 

respondents were provided with the maturity level definitions (Table 3) and were asked to rate 

each indicator (Table 2). Both researchers were present in each SSI and took notes 

independently while one of them facilitated the pre-defined SSI procedure. Based on the 

qualitative notes from the SSIs, the two researchers created a list of artifacts/evidence to be 

observed to validate the consistency with verbal comments made by SSI respondents related to 

each indicator in Table 2. For example, the evidence was checked if the minutes of new product 

development meetings had action related to improving the eco-friendliness of products 

(indicator x311), and if the weekly calendars of managers had time allocated for employee 

concerns (indicator x233), etc. As preparation for step 5, evidence, SSI notes, and observation 

notes collected in steps 1, 2, and 4 were organized based on the structure of the model and were 

reviewed for completeness. Though this organization was done by both the researchers together, 

the final rating was done independently strengthening the inter-rater reliability. Though not part 

of the research scope, a report of each assessment round was provided to the management team 

and during each cycle, it was evident that the management had used the rating to plan SEO 

activities. The researchers had no influence or interaction on these planning activities by the 

management.  

 

Figure 4: Data collection and SEO assessment procedure included 5 phases in each round 
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4.3 SEO measurement outcomes 

 

Figure 5 shows the indicator-level maturity in each quarterly measurement cycle for Egészség 

Kft. Justifying the original case selection criteria, Egészség Kft showed evidence of some pre-

existing SEO levels. Since the beginning of measuring SEO and sharing results with 

management, Egészség Kft showed growing maturity in multiple SEO indicators. We assume 

that this could have been stimulated by the newly found visibility to detailed SEO measurement 

levels within their firm.  

 

Figure 5: Egészség Kft, SEO maturity over four quarters for each indicator. 

 

 

Figure 6 shows the maturity levels at sub-dimension, dimension, and the overall SEO level for 

Egészség Kft. Over this period, the firm has grown in SEO maturity (Aggregated SEO index 
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value) and specifically within non-economic dimensions, although as shown in Figure 5, this 

growth has not happened evenly across all indicators.  

 

Figure 6: Egészség Kft, SEO Maturity over four quarters for each dimension 

 

 

Having to deal with multiple raters, Fleiss’ Kappa value was used to assess the inter-rater 

reliability across 21 raters (15 employees, 4 managers, and 2 researchers). Figure 7 shows the 

line charts for four quarters of Fleiss’ Kappa values (Fleiss, 1971; Hallgren, 2012) for each of 

the 36 indicators by the 21 raters indicating mostly a substantial level of inter-rater agreement 

within defined acceptable agreement levels (Landis & Koch, 1977). [Fleiss’ Kappa 

acceptability levels - < 0: Poor agreement; 0.01 – 0.20; Slight agreement: 0.21 – 0.40; Fair 

agreement: 0.41 – 0.60; Moderate agreement: 0.61 – 0.80; Substantial agreement: 0.81 – 1.00; 

Almost perfect agreement]. Overall Fleiss’ Kappa across all indicators and all raters show 

moderate inter-rater agreement. This observation provides a comfortable indication of the 

statistical reliability of the SEO measurement approach we have proposed. Interestingly it also 

shows that over the four quarters, the overall inter-rater reliability is gradually increasing with 

inter-rater variation reducing. Although, not conclusive, this might mean increasing 

understanding among employees of the SEO indicators. Also, the authors experienced growing 

enthusiasm, organization, and action among the employees and leaders towards improving the 

firm’s SEO. This would encourage future studies to test if measuring SEO periodically 

influences the establishment of structures and organization for sustainability (Jones & Welford, 
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1997), increasingly evolve shared sustainability values among the members of the enterprise 

(Welford, 1997), and influences sustainability in entrepreneurial echo-systems (Pankov at. el., 

2021). 

 

Figure 7: Fleiss’ Kappa values show high inter-rater reliability over four quarters 

 

 

5. ACADEMIC, PRACTITIONER, AND POLICY FRONTIERS: NEW 

OPPORTUNITIES 

 

In determining the quality of research, quantitative studies consider generalizability as a major 

criterion (Polit & Beck, 2008). EO domain being in existence for a longer period had its days 

of criticism related to inconsistencies in results (Hughes & Morgan, 2007). This is largely not 

due to methodological issues related to sampling, but due to the use of diverse author-developed 

SEO measurement models that lack scientific construction rigor. For example, studies such as 

‘Factors associated with propensity for SEO’ (Koe et al., 2014) and ‘mediation of sustainability 

intention on SEO’ (Kimuli et al., 2020), have not considered significant components within the 

SEO model presented by this paper. For future users in SEO research, the indicator 

completeness achieved through a comprehensive literature review, high degree of multi-rater 

reliability, and development based on an accepted index construction framework, provides the 
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approach a high degree of ‘statistical generalizability’ (Firestone, 1993). Further, the vast array 

of variables (12 formative latent constructs, 4 reflective outcome variables, 36 observable 

indicators, and 5 defined maturity levels) combined within the MIMIC model (Figure 3) 

provides almost infinite possibilities for variable permutations and combinations future 

quantitative SEO research can leverage on. ‘Analytic generalization’ (Firestone, 1993), is 

largely relevant in qualitative research concerned with the conceptualization of processes and 

human experiences through in-depth scrutiny and higher-order abstraction (Firestone, 1993; 

Polit & Beck, 2008). As noted by Thorne et al., (2009, p 1385), ‘‘When articulated in a manner 

that is authentic and credible to the reader, can reflect valid descriptions of sufficient richness 

and depth that their products warrant a degree of generalizability in relation to a field of 

understanding’’. SEO, being a complex organizational phenomenon, studies could be designed 

to understand higher-order abstractions using the proposed approach as a frame of reference, 

for example, examining how the personal values of members of the enterprise conflict and/or 

evolve over different SEO maturity phases. By deploying the proposed evidence-based 

approach that combines semi-structured interviews, onsite extensive observations, and cross-

validation against artifacts, future qualitative SEO research can achieve higher analytic 

generalizability through enhanced authenticity and credibility. ‘Case-to-case generalizability’ 

concerns the ability to transfer new knowledge to a different context (Lincoln & Guba, 1985; 

Firestone, 1993). The proposed approach is context-neutral and provides a frame of reference 

for comparisons across entities, and within the same entity across time frames. However, this 

does not necessarily mean the inferences derived from one context are replicable within another. 

Each individual SEO study should take care of its generalizability within a given gradient of 

proximity (Campbell, 1986). Studies using this approach and targeting case-to-case 

generalizability should provide a ‘thick description’ (Geertz, 1973; Lincoln & Guba, 1985) of 

the context of their cases to increase transferability to other proximal contexts.  

 

From a policy standpoint, the proposed instrument can be the frame of reference to establish 

collaborative governance of enterprise sustainability (Bendell at. el., 2011). It can be the 

benchmark non-statutory standard for firm behaviors (Bendell at. el., 2011) enabling the 

creation of certification programs and providing rewards and recognition for maturing 

sustainable enterprises. We argue that such standards should incorporate not only the 

established outcome indicators (e.g., TBL, SDGs, SASB, etc.) but also behavior indicators 
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(Table 2) targeting their underlying processes and capabilities. Subscribing enterprises could 

be supported with maturity audit processes and capability development within the indicators 

addressing issues with inadequate resourcing, alignment with multi-actor interests (Atkinson, 

2014), and acting beyond promotion-focused self-regulation (Fischer et al., 2018).  

 

From a practitioner standpoint, similar to how it is demonstrated with the case enterprise of 

Egészség Kft, the approach can enable indicator-level understanding of EPEC dimensions, 

diagnosis of existing status, the establishment of aspired levels, and creation of bridging plans 

in achieving the aspired SEO level. Larger enterprises assisted by platform developers could 

incorporate the model within Sustainable Enterprise Resources Planning (S-ERP) (Chofreh at. 

el., 2019) systems to automate/facilitate data collection, analysis, and reporting in supporting 

managerial decisions within their SEO maturity journey. 

 

6. CONCLUSIONS 

 

This paper concludes by highlighting three vital outcomes: 1) introduction of an SEO 

conceptual model with sub-component specifications, 2) introduction of a formative 

measurement approach for SEO based on objective evidence-based firm behaviors and 3) 

demonstration of how the approach can be used in a combined qualitative-quantitative approach 

to investigate the SEO phenomena within a firm.  

 

The proposed instrument and the method enable a wide array of avenues to credibly explore 

SEO within a firm, within multiple firms, or across industries. The approach makes it possible, 

quantitatively, to study factors influencing SEO, reflective relationships towards multi-

dimensional firm performance caused by SEO using a MIMIC model, and qualitatively, to 

deeply understand the integration, evolution, change, and member behaviors within the SEO 

phenomena. Our case study gives a hint that the journey of becoming a matured SEO enterprise 

takes time, requires planned transformational efforts in multiple dimensions and the idea of 

SEO becomes more convincing to the employees over time. Apart from the academic 

contribution, we have also given user insights to practitioners, tech-platform developers, and 

policymakers. SEO measurement approach includes observable behaviors written in a 

pragmatic language which firms can easily relate to and take necessary action to improve 
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sustainable ways of working. In this way, we have also contributed a bit to social science to 

improve its contribution to the environment and humanity. 
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