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Abstract In recent years, many disciplines have begun to adopt more systematic and

standardized approaches to evaluate the impact and development of a research area with a

stronger emphasis on quantitative techniques. In particular, identifying and analyzing the

published literature have become important exercises for many disciplines and methods

such as systematic literature review and bibliometric analysis have become more regularly

used to obtain a deeper understanding of a research area. One concept that is of particular

interest is the maturity, or level of development, of a research area. While this concept has

been mentioned in many works, it has not yet been formalized, resulting in a lack of

consensus concerning the definition of research area maturity and analysis techniques to

assess maturity. Therefore, most assessments of research area maturity consider only a

subset of the possible criteria with significant differences in the metrics and analyses used

among different disciplines. Due to the inconsistencies in the definition and assessment of

this concept, a comprehensive synthesis of this literature area is needed. This paper pre-

sents the results of a study to identify and analyze the literature, define the maturity of a

research area, and synthesize the criteria for assessing maturity. The results are used to

develop a generalized maturity assessment framework that establishes a comprehensive set

of criteria, which can be adapted for use across a variety of research areas.
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Introduction

Completing successful scientific research that offers a unique, significant contribution to a

research area often depends on the researcher’s ability to characterize the literature to

identify a topic that furthers the development of the area and is of interest to the academic

community. Many methods exist to identify, analyze, and synthesize the literature, which

range from focusing on the content of the literature, to focusing on the way in which the

research is being conducted and the characteristics of the publications themselves (Hood

and Wilson 2001; Cronin et al. 2007; Higgins and Green 2011; Patra et al. 2006; Taylor

and Taylor 2009; Smith 2012). For example, the field of scientometrics aims to analyze the

published literature using quantitative or statistical techniques to evaluate the impact of an

area while research synthesis approaches are focused on evaluating the content of publi-

cations to obtain meta-inferences across studies (Hood and Wilson 2001; Walsh and

Downe 2005; Cooper et al. 2009; Cooper and Hedges 2009). While these approaches

provide valuable insights that guide research, the level of development of the research area

may have an impact on the trustworthiness of the results from these types of analyses.

The notion of the state of the research area is often referred to as its level of maturity—

essentially, whether the research area is new and highly theoretical or has been more

developed with some convergence on best practices (Cheon et al. 1993; Maloni et al. 2009;

Neely 2005). The concept of the maturity of a research area is commonly included in

literature analysis but it has not yet been formalized and a brief review of the literature on

research area maturity reveals that, while many authors investigate some form of this

concept, the criteria and assessment approaches used vary widely. Recent trends in

research synthesis techniques have led to more systematic, repeatable approaches to lit-

erature reviews, including the broader use of analysis methods such as bibliometric

analysis (Hood and Wilson 2001; Patra et al. 2006; Schoepflin and Glänzel 2001). In order

to assess maturity in this type of review, the concept must first be clearly defined, as there

is no currently agreed-upon definition, and operationalized in a way that allows it to be

compatible with existing approaches and easily applied as part of a standard analysis

procedure. In addition, the procedure must be flexible enough to be applied in any research

area, which would allow for a consistent approach and may support effective comparisons

between different research areas. Due to the inconsistencies in the application of this

concept, a comprehensive review is needed to identify the full breadth of criteria used to

assess research area maturity.

This paper presents the results of a study that uses a systematic literature review (SLR)

to identify the literature, bibliometric analysis to assess the current state of this area, and

research synthesis techniques to identify the criteria used to assess research area maturity.

The results are used to develop a framework to formalize the concept so that it may be

more systematically evaluated and easily incorporated into existing approaches for ana-

lyzing the literature. In the following sections, the literature on research field maturity is

discussed followed by a description of the bibliometric results and the proposed frame-

work. A case example is also briefly discussed in which the proposed framework is applied
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to assess the maturity of the Engineering Management field (Keathley et al. 2015, 2016).

Finally, implications of this work and areas for future research are discussed.

Background

One of the most critical aspects of conducting useful research is correctly framing the

study, which generally consists of identifying the literature area, analyzing the publica-

tions, and synthesizing the research content (Cooper and Hedges 2009; Cooper et al. 2009;

Cronin et al. 2007; Patra et al. 2006). This process provides the foundation for new

research and allows for the positioning and defense of the work. Generally, some form of a

literature review is used to identify the specific publications that represent a research area.

Once the literature is identified, it is often analyzed to identify trends or characteristics

(Hood and Wilson 2001; Patra et al. 2006; Schoepflin and Glänzel 2001). For example, the

field of scientometrics focuses on analyzing the published literature to evaluate the impact

of the research area such as bibliometric analysis, which uses quantitative or statistical

assessments to describe the publications (Pritchard 1969; Brookes 1990; Hood and Wilson

2001; Schoepflin and Glänzel 2001; Patra et al. 2006; Garfield 2009; Smith 2012). Finally,

some form of research synthesis is often applied, which focuses on integrating or inter-

preting the content of the research itself as opposed to the characteristics of the publica-

tions to create meta-inferences that are more generalizable (Borenstein et al. 2009; Cooper

and Hedges 2009; Walsh and Downe 2005).

Recent trends in research framing have resulted in the emergence of much more rig-

orous methods including approaches that focus on quantitative analyses (Cronin et al.

2007; Hood and Wilson 2001; The Cochrane Collaboration 2008). One example of this is

the SLR, which was originally used in the medical field where studies tend to be very

consistent in both terminology and reporting (Cronin et al. 2007; Higgins and Green 2011).

This approach has been further developed in recent years, making it appropriate for use in

any research area, including areas where publications are not as consistent (‘‘Campbell

Resource Center,’’ n.d.; Tranfield et al. 2003). In addition to using a stronger method to

identify the literature, methods in scientometrics have become more commonly used to

analyze the literature with bibliometric analyses being conducted in many research areas

(Hicks 1999; Hood and Wilson 2001; Patra et al. 2006; Schmenner et al. 2009; Schoepflin

and Glänzel 2001; Archambault and Larivière 2010). Through the use of a more rigorous

review of the literature and a more complete analysis of the characteristics of the literature,

research framing is becoming a much more defined and rigorous process with many

researchers combining approaches to obtain a more comprehensive understanding of a

research area.

The maturity of a research area, as mentioned previously, is commonly addressed in

literature analyses. However, the concept lacks a consistent definition and firm set of

assessment criteria. Still, instances of this type of assessment do share some basic char-

acteristics, such as focusing on changes over time and determining the level of maturity

through evaluations of the literature (Cheon et al. 1993; Neely 2005). The assessment of

maturity generally aims to analyze the current state of the research area, identify current

and future trends, and provide more in-depth evaluation of a research area as well as justify

areas for future research (Budi et al. 2013; Porter and Detampel 1995). While many of

these assessments are based on scientometrics approaches, this approach goes beyond the

typical literature analysis to lend further insight into how well established the field is and
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the relative trustworthiness of the conclusions drawn from the literature. In general, a

research area can be described as progressing from a highly conceptual stage where most

of the research is exploratory, to a more advanced stage where quantitative studies are

conducted, best practices are identified, and prescriptive information is disseminated

(Cheon et al. 1993; Maloni et al. 2009; Neely 2005). While all research areas experience

some form of this progression, each area develops uniquely and at different rates, further

complicating this type of assessment (Cheon et al. 1993). Conversely to the notion that

there is a single progression, some authors aim to define research cycles or lifespans such

as Neely’s evolutionary cycle (Carlile and Christensen 2004; Neely 2005); it can be argued

that the number of cycles (or the phase of the research) indicates the maturity of the field.

Another maturity characteristic that is commonly mentioned, but rarely methodically

investigated, is the relationship between academic research and typical practice in the field.

Some argue that the goal of academic research is to solve real-world problems and generate

practical solutions (Gagnon and Ghosh 1991; Maloni et al. 2009, 2012; Pasqualine et al.

2012). Therefore, a research area should evolve from an exploratory beginning to con-

ceptual frameworks being proposed and tested, and then to industry exposure and finally, a

convergence on best practices and consistent terminology (Neely 2005; Stone 2012).

The assessment of research area maturity mainly focuses on analyzing the literature and,

therefore, best fits within the analysis or measurement phase of research framing. Many of

the tools and approaches used to evaluate maturity criteria are based on bibliometric

techniques including approaches such as co-citation analysis, impact factors, science

mapping, and evaluation of indices for scholarly output or impact (Small 1973, 1999;

Garfield 2006; Diallo et al. 2016). However, a review of the literature suggests that some

criteria for maturity also imply identifying supplemental literature or information such as

data related to the infrastructure built to support the research area, including professional

societies, funding, and academic programs or courses (Paul-Hus et al. 2016; Borrego and

Bernhard 2011; Moody 2000; Sud and Thelwall 2014; Bornmann 2015). In addition, some

criteria involve synthesizing the content, such as analysis of themes or construct definitions

during the synthesis phase of the framing process (Cobo et al. 2011; Harvey and Myers

1995; Taylor and Taylor 2009). Therefore, it appears that, although an assessment of the

maturity of a research area is primarily focused on analyzing the literature, it is a broader

approach that includes aspects of both scientometrics and research synthesis. An investi-

gation of the literature reveals that while maturity is being addressed in some works, the

methods used to analyze maturity are not standardized and focus instead on a variety of

characteristics including authorship, publication trends, topics, and methods used (Cheon

et al. 1993; Maloni et al. 2009; Neely 2005; Becheikh 2010; Grover 2012; Houy et al.

2010; Nissen 1995; Sun et al. 2015; Piro et al. 2016; Zhao and Zhao 2016). In addition, a

review of the literature suggests that the emphasis placed on the different dimensions of

maturity is unbalanced and some of the more difficult criteria are only lightly discussed,

while more concrete ones, such as scholarly output and impact factors, are more widely

addressed.

While many studies focus on applying a selected set of criteria to assess maturity, some

researchers have attempted to define frameworks for this type of assessment (Cobo et al.

2011; Nie et al. 2009; Wendler 2012). Typically, these approaches identify a prescribed set

of criteria and apply bibliometric or complementary tools to enable the assessment. In

addition to describing the current or historical state of the research area, some studies also

focus on forecasting future trends or identifying areas for future work (Budi et al. 2013;

Porter and Detampel 1995). There are also a few examples of researchers developing

automated tools to support the assessment process or investigating ways to compare
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analyses across disciplines (Li et al. 2009; Drew et al. 2016). While many of these studies

propose an approach to analyzing the literature, they typically focus on a narrow set of

criteria that are relevant to the area being assessed. In order to ensure a sufficient under-

standing of the research area maturity, a distinct definition of research area maturity in

conjunction with an assessment approach that easily works with existing systematic

methods is needed. Such an assessment can provide many important insights to support

research framing as well as a unique perspective when analyzing the literature. In addition

to having a stronger foundation for making inferences from the literature analysis, specific

information regarding the types of studies that would create a more mature research area

can be utilized to identify more effective objectives for future research (Maloni et al. 2012;

Neely 2005). A structured assessment approach based on a comprehensive framework

could also provide a more standard comparison across fields to further support the

development of an area based on the maturation process of more developed research areas

(Maloni et al. 2012; Perianes-Rodriguez and Ruiz-Castillo 2016).

Methodology

The first phase in analyzing the literature is to identify the set of publications that represent

the research area of interest. In many bibliometric studies, this is accomplished through

some form of systematic review where a platform or database is searched and the full

results are then evaluated based on a set of criteria to identify the publications specifically

related to the area. Because the study of research area maturity has not yet developed into

an independent field, there is no one representative source that can be used to identify these

publications. Therefore, a comprehensive SLR was conducted to identify the literature for

this analysis. This approach was chosen considering the inconsistencies concerning ter-

minology and application of this concept, and to ensure that the review was rigorous and an

accurate representation of the literature across disciplines. The SLR process, shown in

Fig. 1, was adapted from both Tranfield et al. (2003) and the approach presented in the

Cochrane Handbook (Higgins and Green 2011; Tranfield et al. 2003). To further increase

the rigor of this study, the approach was executed with a team of researchers, which

Fig. 1 Systematic literature review approach
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introduced more consistency in the development of the search strategy, application of

exclusion criteria, analysis of the publications, and synthesis of the assessment criteria

(Higgins and Green 2011; Tranfield et al. 2003).

The primary objectives of this research, as described previously, were focused on

evaluating the current state of this research area using several bibliometric analyses and

identifying the full breadth of criteria investigated in the literature through a content

synthesis in order to create a general framework that can be used to assess maturity in any

research area. To begin, the scoping study was conducted during which the research team

identified eight papers that included explicit criteria for the maturity of a research area

(Cheon et al. 1993; Grover 2012; Houy et al. 2010; Maloni et al. 2009; Neely 2005; Nissen

1995; Pasqualine et al. 2012; Taylor and Taylor 2009). Next, databases and platforms

(online services that include multiple databases such as the Web of Science) were eval-

uated to determine the sources to be included in the search. Prominent platforms that cover

a wide range of topics and document types were chosen as they had the potential to provide

a wider range of results. The final set of platforms consisted of the Web of Science,

EBSCOhost, and ProQuest. In each of these platforms, all of the available databases were

included in the search to allow for publications from all research areas to be included in the

results. However, the document types were restricted to only academic works (i.e., journal

publications, conference papers, books, e-books, and dissertations/theses) due to the nature

of the concept of research area maturity, which is primarily relevant to the academic

community.

The focus of this review was then decomposed into three primary search concepts:

research area, maturity, and assessment. The papers in the scoping set were then used to

identify terms and phrases that could be used as search terms (the terms entered into the

databases) for each concept and a Boolean phrase was constructed and tested including

evaluating several search tools, such as truncation and proximity operators. The final

strategy consisted of searching all fields instead of a full-text search meaning that the

publication would have to have the search terms as a central focus of the paper and

included in fields such as the title, subject, keywords or abstract in order to be captured by

the search. This served to restrict the search results to only highly relevant publications. It

was found that one term, ‘‘the field,’’ should be included as an exact phrase while the other

search terms with more than one word were searched using the NEAR operator with a

tolerance of four words allowing for more flexibility in the search. For example, the search

term ‘‘research NEAR area’’ returns phrases such as ‘‘research area’’ and ‘‘area of

research’’ (Table 1).

Once the strategy was defined and the Boolean phrase finalized, the search was executed

on the three platforms and initial results were tabulated as shown in Table 2. The results

were then limited based on the document type and limited to only English-language

publications. In addition, the duplicates resulting from publications being indexed on

multiple databases within a platform were removed. It is important to note that ProQuest is

able to run the search and provide a number of raw results but also has a limit on the

number of results that it can process and, therefore, the search on this platform was broken

into three subsets. After limiting the initial results and removing all duplicates, the initial

exclusion criterion, i.e., excluding papers that were only loosely relevant to the assessment

of maturity, was applied by evaluating the titles and abstracts of all of the limited search

results. This resulted in 614 relevant papers, including all papers in the scoping set.

Figure 2 shows the number of papers identified from each platform, which clearly shows

the unique contribution of each platform and supports the use of multiple sources for a
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more comprehensive review. This comparison across platforms has also been investigated

in other recent studies (Mongeon and Paul-Hus 2016).

Once the results were reduced to the initial set of 614 publications, two additional

exclusion criteria were applied by a detailed review of the publications. First, any papers

Table 2 Search results
Platform Initial results Limited results

Web of Science 7633 3650

EBSCOhost 8269 3662

ProQuest 7802 6113

Total 23,704 13,425

Table 1 Search terms
Maturity Research area Assessment

Mature Research N line Contribution

Maturity Research N field Contribute

Maturation Research N vein Assess

Evolution Research N area Assessing

Evolve Evidence N line Analysis

Evolving Knowledge N area Analyze

Development Knowledge N body Analyses

Develop Knowledge N field Investigate

Developing ‘‘The field’’ Investigation

Develops

Emerging

Emergence

Emergent

Extension

Extend

Research N trends

Research N direction

Fig. 2 Initial exclusion criterion results
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that mentioned some form of this concept or used similar terminology but did not evaluate

or address the concept in any concrete way were removed and, finally, each publication

was evaluated to ensure that it included at least one criterion for the assessment of

maturity. This criterion either could be explicit or could be implicitly represented either in

the interpretations or in a portrayal tool used in the analysis. This process resulted in 123

papers, which were considered the final paper set to be analyzed in this work. The complete

list of citations for these papers can be obtained from the authors upon request.

Results of the bibliometric analysis

A bibliometric analysis of the resulting set of 123 papers was conducted to determine some

of the basic characteristics of the literature. The results of this analysis provided insight

into the extent of academic focus in this area and what research perspectives support the

development of this area. Figure 3 presents the publication trends, which shows a general

increasing trend over the past several years with the initial papers published in the 1980s. It

is important to note that this review was conducted in 2014, which influenced the relatively

low number of papers identified in that year. It is clear that the past decade has seen a sharp

increase in publications that explicitly focus on maturity assessment.

Next, the types of publications were investigated and it was found that 89.4 % of the

123 publications were from academic journals. This is somewhat expected as the concept

of maturity assessment is generally included in literature reviews and academic journals

are an appropriate outlet for that type of research. In addition, the results show that the

remaining 10.6 % of the publications, consisting of conference papers, books, book

chapters, and dissertations/theses, all occurred between 2001 and 2014. This result, cou-

pled with the trend in publications per year, suggests that the concept of maturity is

increasingly being addressed and supports the assertion that this topic is being studied

more broadly in recent years. Figure 4 summarizes the five most frequent publication

sources represented in the final paper set. In addition to the number of papers published

each year, the journal impact factor at the time of publication is also provided. The results

show that Scientometrics Journal is the most common publication source represented,

which is expected due to the nature of assessing research area maturity. However, it is
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interesting to note that the other four top journals are specific to application areas. In fact,

this is true for 14 of the top 15 most common journals represented in the final paper set.

Finally, it is interesting to note that the journal impact factor at the time of publication

varies widely among the papers found in these journals (Table 3).

The outlets that the papers were published in were also evaluated and categorized

according to the discipline or topic area associated with that outlet, as shown in Fig. 4. The

results again show that the publications come from a variety of research areas, clearly

demonstrating the interest for the concept from various disciplines and underlining the

need for a common framework that supports analysis and knowledge sharing across dif-

ferent research areas.

Next, the authors were investigated to identify any prominent authors or author groups

in terms of scholarly output. The results show that there were 308 unique authors with only
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Table 3 Impact of publication sources

Journal title Total no.
publications

Publications and journal impact factor per year

2001 2002 2005 2008 2009 2010 2011 2012 2013

Scientometrics 5 1 1 2 1

0.676 0.855 2.328 1.966

Technical
Communication

4 4

0.862

Intl. Journal of
Operations &
Production
Management

3 1 1 1

0.597 1.725 1.435

Journal of the
Association for
Information
Systems

3 1 2

0.000 1.048

Project
Management
Journal

3 1 2

0.000 1.029
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eleven authors having published more than once on this topic. Authors that published more

than one paper in this set are identified in Fig. 5. The eleven authors represent five groups

of co-authors coming from various disciplines, as shown in the figure, and 14 academic

papers. One thing that they have in common is that each of the 14 papers is some form of

literature review that has analysis of the maturity, development, or evolution of the field as

a primary focus of the paper. In addition, two of the author groups use the term ‘maturity’

to describe the concept (Grover and Carter/Maloni) while the other authors use alternative

terms. Another interesting aspect of these papers is that only one group (Pou-Merina,

Mazarron, Canas-Guerrero, and Calleja-Perucho) explicitly identify their work as a bib-

liometric analysis while the other papers typically include metrics associated with this type

of analysis but do not explicitly identify it as a methodology. While many of the research

groups applied these concepts to multiple research areas, some focused on assessing a

single area over time providing a more robust assessment of the development process

(Cheon et al. 1993; Grover 2012; Lim et al. 2007).

In addition to investigating the number of papers per author, the author’s country was

also tabulated and the results are shown in Fig. 6. It is important to note that 41.6 % of

authors were from the United States, which has been removed from this figure for read-

ability. The authors in this set of publications were found to come from 29 countries with

only countries with more than one author shown in this figure. It is interesting to note that,

while Europe and North America are predominantly represented, there are authors from all

inhabited continents represented. This result, coupled with the increasing trend in publi-

cations, suggests that research including a maturity assessment is becoming more common

across a variety of research communities.
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To further investigate the impact of the publications in the final paper set, the average

number of citations per year was investigated. Table 4 summarizes the results of the ten

most highly cited publications from this research area. It is important to note that, while

some of the publications in the final paper set discussed the maturity of an area as sec-

ondary focus, all of the most highly-cited publications are directly focused on evaluating

the development of a field. In addition, the results further demonstrate the broad set of

disciplines that are focused on conducting this type of assessment.

Finally, the research designs were investigated to identify the types of review that were

conducted and the areas that were the focus of these reviews, as shown in Fig. 7. The

results showed that 19.5 % of the final paper set explicitly used the term ‘maturity’ while

the remaining papers assessed the concept of maturity but used other terminology such as

development or evolution. Next, the results showed that 50.4 % of the publications

identified bibliometric analyses as at least part of their methodology. This supports the

previous assertion that, while many maturity studies include this type of analysis, there are
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Table 4 Most highly-cited publications

Average citations
per year

Article title

75.3 A decade of agile methodologies: Towards explaining agile software development

64.6 Strategic human resource management: The evolution of the field

64.3 Research directions in Requirements Engineering

55.4 The past and the future of international entrepreneurship: A review and suggestions
for developing the field

54.6 New directions in life course research

52.0 The evolution of performance measurement research: Developments in the last
decade and a research agenda for the next

50.0 Reflections and projections: A decade of Intellectual Capital Accounting Research

38.0 Twenty years of phylogeography: The state of the field and the challenges for the
Southern Hemisphere

37.6 The structure and evolution of the strategic management field: A content analysis of
26 years of strategic management research

36.4 Uncovering the intellectual core of the Information Systems discipline

Scientometrics (2016) 109:927–951 937

123



significant proportions that do not explicitly apply bibliometric analyses and opt, instead,

for a wide range of alternative methods. Next, the publications were evaluated to determine

what type of review was conducted to better understand how the concept of maturity has

been applied in the literature. The results show that the most common approach used in

these papers is the systematic literature review, which has become more common in the

past two decades. It is also important to note that 20 % of the studies were not literature

reviews and, instead, defined a conceptual framework or used an alternative method to

address the concept of research area maturity. Finally, the results suggest that many

researchers have begun to focus on defining a specific journal or set of multiple journals as

the sources for their reviews in the past decade. The variations in research design char-

acteristics demonstrate the need for an explicit definition of research area maturity and a

comprehensive framework that is adaptable to different disciplines and research designs.

The research area that the review was focused on was also investigated and categorized

as shown in Fig. 8. The results show that, similarly to the journal categorization, the

research areas studied varies widely but seems to be focused more on business and

technology fields. One research area that is not as prevalent in this assessment as expected

is the healthcare field. As mentioned previously, many of the systematic methods that are

applied in these papers originated from the healthcare field and it is interesting to see that

the concept of research area maturity is not as common in this area. Another interesting

result is the focus on assessing the maturity of the field of scientometrics. As a relatively

recently emerging research area, assessing the maturity could lend important insights and

significant contributions to this area.

Maturity assessment framework

Once the general analysis of the final paper set was complete, each paper was evaluated by

two researchers and the data concerning the criteria identified in the papers were collected.

The criteria used to assess the research area maturity were collected including investigating

the metrics and portrayal tools in addition to explicit criteria defined in the papers, ensuring

that any implicit criteria were also captured. To ensure consistency during the collection of

the criteria data, two researchers were assigned to independently collect the data for each

paper. Similarly to previous phases, inconsistencies in the collected data were resolved

through group evaluation. The resulting database consisted of approximately 1200 criteria,

metrics, and portrayal tools.
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In addition to identifying the criteria used, the papers were evaluated to determine if any

reported an explicit definition of maturity. The results showed that only one paper (Karuga

et al. 2007) reported a definition for maturity and it was centered on the concept of the

‘‘extent to which [a research area] has built a cumulative knowledge base.’’ In fact, it was

found that most of the publications either implicitly assumed the definition of maturity was

understood, or applied a more general definition of maturity related to the concept of

reaching a desired state of development. In general, the results of this study suggest that the

maturity of a research area describes how and to what extent the area has developed over

time with particular interest in the creation, growth, and dissemination of knowledge.

Maturity should be assessed with multiple holistic criteria that evaluate both the existing

literature as well as other aspects related to infrastructure and diffusion practices. In

general, a mature field is one that:

• is well-documented (i.e., codified) and broadly accessible;

• is agreed upon by a distinct research community;

• is differentiated from other research areas;

• is robust across research paradigms, research methods/approaches, contingent factors,

and application contexts;

• has an impact on the research community, i.e., is cited by other research areas; and

• is put into practice (i.e., diffusion to industry).

Using this definition of research area maturity, an inductive synthesis approach was

conducted that consisted of several iterations of independent reviews and group discus-

sions. As mentioned previously, the data were collected using the terminology and ori-

entation that the original authors used. Once the raw data were collected and organized, the

criteria were coded and organized into criteria and sub-criteria and then further into

dimensions, which reflect the primary concept underlying a group of criteria.

The resulting framework is shown in Table 5, which consists of nine dimensions of

research area maturity and 24 unique criteria that can be used to assess the level of

maturity. This table includes the dimensions of maturity, the related criteria for each

dimension, the sub-criteria and related ‘‘drill-down’’ options, and example metrics. It is

important to note that many metrics exist for each sub-criterion and the metrics listed in

this table are selected examples of commonly-used ones. More obvious metrics, such as

‘‘number of’’ or ‘‘proportion of’’ the criteria, are generally omitted from the table.

When applying this framework, researchers first need to determine the type of review

that the assessment will be based on and then decide which dimensions and criteria are

appropriate for their assessment. In addition, many criteria are concerned with analysis of

the identified literature but some criteria, particularly in the diffusion and infrastructure

dimensions, are focused on supplemental information that must be collected independently

from the results of a literature review. Criteria that are focused on analyzing the papers

resulting from the review are indicated with a ‘P’ while criteria that are based on sup-

plemental information from outside of the resulting paper set are indicated with an ‘O.’

Once the applicable portions of the framework are defined, researchers should select the

criteria and metrics that are most appropriate for their study. One important aspect of this

framework is that each criterion can have a different level of maturity. The maturation of a

research area can be highly complex and each indicator should be assessed independently

and then the results considered together to obtain an understanding of the overall maturity

level.

The results of this study offer a comprehensive set of assessment criteria that classifies

existing individual tools and approaches into a structured framework, which can guide

Scientometrics (2016) 109:927–951 939

123



T
a
b
le

5
M

at
u

ri
ty

as
se

ss
m

en
t

fr
am

ew
o

rk

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o
rs

M
et

ri
cs

A
u
th

o
r

ch
ar

ac
te

ri
st

ic
s

A
u
th

o
r

q
u
an

ti
ty

P
E

x
is

ti
n
g

au
th

o
rs

P
N

ew
au

th
o
rs

ra
te

A
u
th

o
r

d
iv

er
si

ty
P

D
is

ci
p
li

n
es

re
p
re

se
n
te

d
W

it
h
in

th
e

d
is

ci
p
li

n
e/

o
th

er
d
is

ci
p
li

n
e

P
In

st
it

u
ti

o
n
s

re
p
re

se
n
te

d
A

ca
d
em

ia
/i

n
d
u
st

ry
,

u
n
iv

er
si

ty
/n

o
n
-u

n
iv

er
si

ty

P
C

o
u
n
tr

ie
s/

re
g
io

n
s

re
p
re

se
n
te

d

C
o
ll

ab
o
ra

ti
o
n

P
C

o
ll

ab
o
ra

to
rs

A
u
th

o
r,

d
is

ci
p
li

n
es

,
in

st
it

u
ti

o
n
s,

co
u
n
tr

ie
s

P
C

o
ll

ab
o
ra

ti
o
n
s

A
u
th

o
r,

d
is

ci
p
li

n
e,

in
st

it
u
ti

o
n
,

co
u
n
tr

y
/r

eg
io

n

P
M

u
lt

i-
au

th
o
r

p
ap

er
s

D
is

ci
p
li

n
e,

in
st

it
u
ti

o
n
,

co
u
n
tr

y
/r

eg
io

n
P

ro
p
o
rt

io
n

o
f

p
ap

er
s

w
it

h
m

o
re

th
an

o
n
e

au
th

o
r

v
er

su
s

a
si

n
g
le

au
th

o
r

A
v
g
.

n
o
.

au
th

o
rs

re
p
re

se
n
te

d
p
er

p
ap

er

P
C

o
n
n
ec

ti
o
n
s

b
et

w
ee

n
au

th
o
rs

D
is

ci
p
li

n
e,

in
st

it
u
ti

o
n
,

co
u
n
tr

y
/r

eg
io

n
C

o
-a

u
th

o
rs

h
ip

so
ci

al
n
et

w
o
rk

an
al

y
si

s
(S

N
A

)

m
et

ri
cs

C
o
n
ce

n
tr

at
io

n

R
es

ea
rc

h
g
ro

u
p
s

G
en

es
is

o
f

th
e

ar
ea

F
ir

st
p
ap

er
s

P
A

g
e

o
f

th
e

ar
ea

T
im

e
sp

an
o
f

th
e

p
ap

er
se

t

Y
ea

r
o
f

fi
rs

t
p
u
b
li

ca
ti

o
n

b
y

ac
ad

em
ic

jo
u
rn

al

P
C

o
n
se

n
su

s
o
n

fi
rs

t
p
ap

er
s

P
C

h
ar

ac
te

ri
st

ic
s

o
f

fi
rs

t
p
ap

er
s

A
u
th

o
rs

h
ip

,
p
u
b
li

ca
ti

o
n
,

re
se

ar
ch

d
es

ig
n

F
o
u
n
d
at

io
n
al

th
eo

ri
es

P
Id

en
ti

fi
ca

ti
o
n

o
f

fo
u
n
d
at

io
n
al

th
eo

ri
es

D
if

fe
re

n
ce

b
y

au
th

o
r

o
r

d
is

ci
p
li

n
e

P
S

o
u
rc

e
o
f

fo
u
n
d
at

io
n
al

th
eo

ri
es

D
is

ci
p
li

n
e,

au
th

o
r

940 Scientometrics (2016) 109:927–951

123



T
a
b
le

5
co

n
ti

n
u
ed

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o
rs

M
et

ri
cs

P
u
b
li

ca
ti

o
n

ch
ar

ac
te

ri
st

ic
s

P
u
b
li

ca
ti

o
n

q
u
an

ti
ty

P
P

u
b
li

ca
ti

o
n
s

A
u
th

o
r,

th
em

e,
in

st
it

u
ti

o
n
,

co
u
n
tr

y
/r

eg
io

n
,

jo
u
rn

al

S
ch

o
la

rl
y

o
u
tp

u
t

P
P

u
b
li

ca
ti

o
n

tr
en

d
A

u
th

o
r,

th
em

e,
in

st
it

u
ti

o
n
,

co
u
n
tr

y
/r

eg
io

n
N

o
.

o
f

p
ap

er
s

p
er

y
ea

r

P
er

ce
n
t

in
cr

ea
se

/d
ec

re
as

e

P
u
b
li

ca
ti

o
n

o
u
tl

et
s

P
O

u
tl

et
s

re
p
re

se
n
te

d
D

is
ci

p
li

n
e,

ty
p
e

(a
ca

d
em

ic
jo

u
rn

al
,

co
n
fe

re
n
ce

p
ro

ce
ed

in
g
s,

m
ag

az
in

e,
b
o
o
k
s,

et
c.

),

ch
ar

ac
te

ri
st

ic
s

(p
ee

r-
re

v
ie

w
ed

,
in

te
rn

at
io

n
al

,

o
p
en

-a
cc

es
s)

,
la

n
g
u
ag

e,
d
ed

ic
at

ed
/n

o
n
-

d
ed

ic
at

ed

N
o
.

o
f

u
n
iq

u
e

o
u
tl

et
s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

b
y

o
u
tl

et
ty

p
e

(d
iv

er
si

ty
o
f

o
u
tl

et
s)

O
u
tl

et
co

n
ce

n
tr

at
io

n

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

in
d
ed

ic
at

ed
v
er

su
s

n
o
n
-

d
ed

ic
at

ed
o
u
tl

et
s

N
o
.

o
f

d
is

ci
p
li

n
es

re
p
re

se
n
te

d
in

d
ed

ic
at

ed

jo
u
rn

al
s

R
ef

er
en

ce
s

P
R

ef
er

en
ce

q
u
an

ti
ty

A
u
th

o
r,

so
u
rc

e
ty

p
e,

jo
u
rn

al
A

v
g
.

re
fe

re
n
ce

s
p
er

p
ap

er

P
R

ef
er

en
ce

ag
e

A
u
th

o
r,

so
u
rc

e
ty

p
e,

jo
u
rn

al
A

v
g
.

ag
e

o
f

re
fe

re
n
ce

s
p
er

p
ap

er

P
M

o
st

co
m

m
o
n
ly

re
fe

re
n
ce

d

p
ap

er
s

A
u
th

o
r,

th
em

e

P
R

ef
er

en
ce

co
n
ce

n
tr

at
io

n
Jo

u
rn

al
H

er
fi

n
d
ah

l–
H

ir
sc

h
m

an
In

d
ex

(H
H

I)
,

h
-i

n
d
ex

,

m
ar

k
et

sh
ar

e

Scientometrics (2016) 109:927–951 941

123



T
a
b
le

5
co

n
ti

n
u
ed

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o
rs

M
et

ri
cs

R
es

ea
rc

h
d
es

ig
n

ch
ar

ac
te

ri
st

ic
s

R
es

ea
rc

h

m
et

h
o
d
s

P
M

et
h
o
d
s

re
p
re

se
n
te

d
P

ap
er

,
re

se
ar

ch
g
ro

u
p
,

th
em

e,
co

u
n
tr

y
/r

eg
io

n
,

m
et

h
o
d

ty
p
e,

q
u
al

it
at

iv
e/

q
u
an

ti
ta

ti
v
e,

em
p
ir

ic
al

/n
o
n
-e

m
p
ir

ic
al

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

p
er

m
et

h
o
d

ty
p
e

N
o
.

o
f

m
et

h
o
d
s

u
se

d
(d

iv
er

si
ty

o
f

m
et

h
o
d
s)

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

u
si

n
g

q
u
al

it
at

iv
e

an
d

q
u
an

ti
ta

ti
v
e

d
at

a

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

w
h
er

e
in

d
u
st

ry
in

fo
rm

s

m
et

h
o
d

se
le

ct
io

n

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

u
si

n
g

m
ix

ed
m

et
h
o
d
s

P
M

u
lt

i-
m

et
h
o
d

p
ap

er
s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

u
si

n
g

m
u
lt

ip
le

m
et

h
o
d
s

A
v
g
.

n
o
.

o
f

m
et

h
o
d
s

p
er

p
ap

er

P
L

ev
el

o
f

an
al

y
si

s
D

at
a

co
ll

ec
ti

o
n
/a

n
al

y
si

s/
in

fe
re

n
ce

R
ig

o
r

P
A

p
p
ro

ac
h

L
o
n
g
it

u
d
in

al
,

m
u
lt

i-
sa

m
p
le

P
C

la
ri

ty
in

re
se

ar
ch

o
b
je

ct
iv

es
/

q
u
es

ti
o
n
s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

ex
p
li

ci
tl

y
d
efi

n
e

re
se

ar
ch

q
u
es

ti
o
n
s

P
R

el
ia

b
il

it
y

an
d

v
al

id
it

y
P

ro
p
o
rt

io
n

o
f

p
ap

er
s

th
at

ex
p
li

ci
tl

y
ad

d
re

ss

re
li

ab
il

it
y
/v

al
id

it
y

S
tr

en
g
th

o
f

ev
id

en
ce

fo
r

re
li

ab
il

it
y
/v

al
id

it
y

P
S

ta
ti

st
ic

al
ri

g
o
r

A
v
g
.

st
at

is
ti

ca
l

p
o
w

er
p
er

p
ap

er

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

te
st

st
at

is
ti

ca
l

h
y
p
o
th

es
es

P
T

h
o
ro

u
g
h
n
es

s
P

ro
p
o
rt

io
n

o
f

p
ap

er
s

th
at

id
en

ti
fy

li
m

it
at

io
n
s/

ch
al

le
n
g
es

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

id
en

ti
fy

g
ap

s
in

th
e

re
se

ar
ch

P
C

o
n
n
ec

ti
o
n

to
th

e
li

te
ra

tu
re

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

id
en

ti
fy

fu
tu

re
w

o
rk

V
ar

ia
b
le

s
P

V
ar

ia
b
le

s
re

p
re

se
n
te

d
P

ap
er

,
v
ar

ia
b
le

ty
p
e

(e
.g

.,
m

o
d
er

at
in

g
,

m
ed

ia
ti

n
g
,

et
c.

)

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

p
er

v
ar

ia
b
le

942 Scientometrics (2016) 109:927–951

123



T
a
b
le

5
co

n
ti

n
u
ed

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o

rs
M

et
ri

cs

N
o
.

o
f

v
ar

ia
b
le

s
id

en
ti

fi
ed

(d
iv

er
si

ty
o
f

v
ar

ia
b
le

s)

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

u
si

n
g

m
o
d
er

at
in

g
/m

ed
ia

ti
n
g

v
ar

ia
b
le

s

A
v
g
.

n
o
.

o
f

v
ar

ia
b
le

s
p
er

p
ap

er

P
O

p
er

at
io

n
al

ly
d
efi

n
ed

an
d

m
ea

su
re

d

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

o
p
er

at
io

n
al

ly
d
efi

n
e

th
e

v
ar

ia
b
le

s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

m
ea

su
re

v
ar

ia
b
le

s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

u
se

m
u
lt

ip
le

m
ea

su
re

s

fo
r

a
v
ar

ia
b
le

R
es

ea
rc

h
o
ri

en
ta

ti
o
n

P
O

ri
en

ta
ti

o
n
s

re
p
re

se
n
te

d
O

ri
en

ta
ti

o
n

ty
p
e

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

w
it

h
a

th
eo

re
ti

ca
l/

ap
p
li

ed

fo
cu

s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

w
it

h
an

in
d
u
ct

iv
e/

d
ed

u
ct

iv
e

fo
cu

s

T
h
eo

re
ti

ca
l

ch
ar

ac
te

ri
st

ic
s

D
ev

el
o
p
m

en
t

o
f

n
ew

th
eo

ri
es

P
D

ev
el

o
p
m

en
t

o
f

fr
am

ew
o
rk

s/
m

o
d
el

s

T
h
em

e,
fr

am
ew

o
rk

/m
o
d
el

P
T

h
eo

ry
b
u
il

d
in

g
p
u
b
li

ca
ti

o
n
s

U
se

o
f

ex
is

ti
n
g

th
eo

ri
es

P
S

o
u
rc

e
o
f

th
eo

ri
es

R
es

ea
rc

h
ar

ea
(w

it
h
in

th
e

ar
ea

/f
ro

m
o
th

er

ar
ea

s)
,

d
is

ci
p
li

n
e

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

b
y

re
se

ar
ch

ar
ea

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

u
si

n
g

th
eo

ri
es

fr
o
m

o
th

er

re
se

ar
ch

ar
ea

s

P
A

p
p
li

ca
ti

o
n

o
f

th
eo

ri
es

T
h
eo

ry
P

ro
p
o
rt

io
n

o
f

p
ap

er
s

b
y

th
eo

ry

N
o
.

o
f

th
eo

ri
es

u
se

d
(d

iv
er

si
ty

o
f

th
eo

ri
es

)

A
v
g
.

n
o
.

o
f

th
eo

ri
es

ap
p
li

ed
p
er

p
ap

er

P
ro

p
o
rt

io
n

p
ap

er
s

u
si

n
g

m
u
lt

ip
le

th
eo

ri
es

Scientometrics (2016) 109:927–951 943

123



T
a
b
le

5
co

n
ti

n
u
ed

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o

rs
M

et
ri

cs

C
o
n
te

n
t

ch
ar

ac
te

ri
st

ic
s

T
h
em

es
P

T
h
em

es
re

p
re

se
n
te

d
D

is
ci

p
li

n
e,

o
u
tl

et
ty

p
e

(e
.g

.,
d
is

se
rt

at
io

n
s)

,

re
se

ar
ch

fi
n
d
in

g
s,

v
ar

ia
b
le

s
st

u
d
ie

d
,

li
m

it
at

io
n
s/

ch
al

le
n
g
es

,
fu

tu
re

w
o
rk

,

im
p
li

ca
ti

o
n
s

fo
r

p
ra

ct
ic

e

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

b
y

th
em

e

N
o
.

o
f

th
em

es
id

en
ti

fi
ed

(d
iv

er
si

ty
o
f

th
em

es
)

P
C

o
n
n
ec

ti
o
n
s

am
o
n
g

th
em

es
C

o
-o

cc
u
rr

en
ce

o
f

th
em

es

P
S

ta
b
il

it
y

o
f

th
em

e’
s

ch
ar

ac
te

ri
st

ic
s

P
T

h
em

e-
re

la
te

d
ci

ta
ti

o
n

co
n
si

st
en

cy

S
co

p
e

P
U

n
it

o
f

st
u
d
y

T
y
p
e

(e
.g

.,
fu

n
ct

io
n
,

se
ct

o
r,

o
rg

an
iz

at
io

n
al

ch
ar

ac
te

ri
st

ic
s

(e
.g

.,
S

M
E

,
E

T
O

,
et

c.
),

co
u
n
tr

y
/r

eg
io

n
)

P
A

d
d
re

ss
in

g
p
re

v
io

u
sl

y
id

en
ti

fi
ed

fu
tu

re
w

o
rk

O
ri

en
ta

ti
o
n

to
p
ra

ct
ic

e
P

ro
p
o
rt

io
n

o
f

p
ra

ct
it

io
n
er

p
ap

er
s

th
at

ad
o
p
t

ac
ad

em
ic

re
se

ar
ch

fi
n
d
in

g
s

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

th
at

ex
p
li

ci
tl

y
fo

cu
s

o
n

im
p
li

ca
ti

o
n
s

fo
r

p
ra

ct
ic

e

P
ro

p
o
rt

io
n

o
f

ac
ad

em
ic

p
ap

er
s

th
at

ad
d
re

ss

p
ra

ct
it

io
n
er

p
ri

o
ri

ti
es

T
o
p
ic

s
P

D
ev

el
o
p
m

en
t

o
f

su
b
-fi

el
d
s

P
T

er
m

in
o
lo

g
y

co
n
si

st
en

cy

P
K

ey
w

o
rd

s
re

p
re

se
n
te

d
P

ap
er

,
th

em
e,

jo
u
rn

al
,

d
is

ci
p
li

n
e

N
o
.

o
f

k
ey

w
o
rd

s
id

en
ti

fi
ed

(d
iv

er
si

ty
o
f

k
ey

w
o
rd

s)

A
v
g
.

n
o
.

o
f

k
ey

w
o
rd

s
p
er

p
ap

er

P
C

o
n
n
ec

ti
o
n
s

A
m

o
n
g

K
ey

w
o
rd

s
C

o
-o

cc
u
rr

en
ce

o
f

k
ey

w
o
rd

s

944 Scientometrics (2016) 109:927–951

123



T
a
b
le

5
co

n
ti

n
u
ed

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o

rs
M

et
ri

cs

Im
p
ac

t
A

u
th

o
r

p
ro

m
in

en
ce

O
In

st
it

u
ti

o
n
/p

ro
g
ra

m
ra

n
k

P
A

u
th

o
r

p
ro

d
u
ct

iv
it

y
N

o
.

o
f

p
ap

er
s

p
er

au
th

o
r

P
u
b
li

ca
ti

o
n

p
ro

m
in

en
ce

P
O

u
tl

et
p
ro

m
in

en
ce

A
u
th

o
r,

p
ap

er
,

in
st

it
u
ti

o
n

Jo
u
rn

al
ra

n
k

w
it

h
in

it
s

d
is

ci
p
li

n
e

A
v
g
.

jo
u
rn

al
IF

fo
r

p
ap

er
s

(a
t

ti
m

e
o
f

p
u
b
li

sh
)

p
er

p
ap

er

O
C

it
at

io
n
s

A
u
th

o
r,

p
ap

er
,

jo
u
rn

al
,

th
em

e,
in

st
it

u
ti

o
n

A
v
g
.

n
o
.

o
f

ci
ta

ti
o
n
s

p
er

y
ea

r
b
y

au
th

o
r

M
o
st

h
ig

h
ly

ci
te

d
p
ap

er

T
o
ta

l
n
o
.

o
f

ci
ta

ti
o
n
s

P
C

o
n
ce

n
tr

at
io

n
A

u
th

o
r,

p
ap

er
,

jo
u
rn

al
,

in
st

it
u
ti

o
n
,

co
u
n
tr

y
/

re
g
io

n

H
H

I,
h
-i

n
d
ex

,
m

ar
k
et

sh
ar

e
b
y

au
th

o
r

P
S

em
in

al
p
u
b
li

ca
ti

o
n
s

P
F

o
rw

ar
d

co
-c

it
at

io
n

an
al

y
si

s
A

u
th

o
r,

p
ap

er
,

in
st

it
u
ti

o
n
,

th
em

e
F

o
rw

ar
d

co
-c

it
at

io
n

S
N

A
m

et
ri

cs

D
if

fu
si

o
n

A
d
o
p
ti

o
n

in
in

d
u
st

ry
O

F
o
rm

al
jo

b
p
o
si

ti
o
n
s

O
P

ra
ct

ic
e

re
so

u
rc

es
T

y
p
e

(e
.g

.,
p
ra

ct
ic

e
st

an
d
ar

d
s,

w
o
rk

b
o
o
k
s,

g
u
id

eb
o
o
k
s,

m
an

u
al

s)

O
D

efi
n
ed

b
o
d
y

o
f

k
n
o
w

le
d
g
e

L
an

g
u
ag

e

O
P

ro
fe

ss
io

n
al

d
ev

el
o
p
m

en
t

L
an

g
u
ag

e
N

o
.

o
f

ce
rt

ifi
ca

ti
o
n
s

av
ai

la
b
le

N
o
.

o
f

tr
ai

n
in

g
p
ro

g
ra

m
s/

w
o
rk

sh
o
p
s

av
ai

la
b
le

O
C

o
n
su

lt
in

g
se

rv
ic

es

O
In

te
rn

et
re

so
u
rc

es
T

y
p
e

(e
.g

.,
w

eb
si

te
s,

se
ar

ch
en

g
in

e
‘h

it
s’

)

O
A

d
o
p
ti

o
n

o
f

re
se

ar
ch

fi
n
d
in

g
s

In
d
u
st

ry
N

o
.

o
f

in
d
u
st

ri
es

ad
o
p
ti

n
g

fi
n
d
in

g
s

fr
o
m

th
e

re
se

ar
ch

ar
ea

C
o
m

m
u
n
it

ie
s

o
f

p
ra

ct
ic

e

O
E

v
en

ts
o
n

(a
n
d

in
cl

u
d
in

g
)

th
e

ar
ea

L
o
ca

ti
o
n
,

ty
p
e

(e
.g

.,
co

n
fe

re
n
ce

,
m

ee
ti

n
g
,

tr
ad

e

sh
o
w

),
co

u
n
tr

y
/r

eg
io

n

P
ro

p
o
rt

io
n

o
f

p
ap

er
s

b
y

ev
en

t
ty

p
e

T
o
ta

l
n
o
.

o
f

co
n
fe

re
n
ce

p
ar

ti
ci

p
an

ts

N
o
.

o
f

co
n
fe

re
n
ce

p
ar

ti
ci

p
an

ts
b
y

co
u
n
tr

y

(i
n
te

rn
at

io
n
al

iz
at

io
n

)

P
ro

p
o
rt

io
n

o
f

in
v
it

ed
p
ap

er
s

Scientometrics (2016) 109:927–951 945

123



T
a
b
le

5
co

n
ti

n
u
ed

D
im

en
si

o
n

C
ri

te
ri

a
S

u
b

cr
it

er
ia

D
ri

ll
-d

o
w

n
fa

ct
o
rs

M
et

ri
cs

O
S

o
ci

et
ie

s
an

d
p
ro

fe
ss

io
n
al

A
ss

o
ci

at
io

n
s

T
y
p
e

O
O

n
li

n
e

co
m

m
u
n
it

ie
s

T
y
p
e

(e
.g

.,
li

n
k
ed

in
g
ro

u
p
,

F
ac

eb
o
o
k
,

re
se

ar
ch

g
at

e,
W

ik
ip

ed
ia

)

O
D

is
cu

ss
io

n
fo

ru
m

s
(e

.g
.

b
lo

g
s)

T
ec

h
n
o
lo

g
y

d
ev

el
o
p
m

en
t

O
C

o
m

m
er

ci
al

p
ro

d
u
ct

s
T

y
p
e

(e
.g

.,
so

ft
w

ar
e,

in
st

ru
m

en
ts

)

O
P

at
en

ts
A

u
th

o
r,

in
v
en

to
r,

th
em

e,
in

st
it

u
ti

o
n
,

co
u
n
tr

y
/

re
g
io

n

O
A

p
p
li

ca
ti

o
n

o
f

n
ew

te
ch

n
o
lo

g
ie

s
in

p
ra

ct
ic

e

In
fr

as
tr

u
ct

u
re

A
ca

d
em

ic

in
fr

as
tr

u
ct

u
re

O
U

n
iv

er
si

ty
co

u
rs

es
In

st
it

u
ti

o
n
,

co
u
n
tr

y
/r

eg
io

n

O
A

ca
d
em

ic
p
ro

g
ra

m
s/

d
eg

re
es

U
n
d
er

g
ra

d
u
at

e/
g
ra

d
u
at

e
N

o
.

o
f

ac
ad

em
ic

p
ro

g
ra

m
s/

d
eg

re
es

N
o
.

o
f

g
ra

d
u
at

es
p
ro

d
u
ce

d

R
an

k
o
f

ac
ad

em
ic

p
ro

g
ra

m
s

O
A

cc
re

d
it

in
g

b
o
d
ie

s
C

o
u
n
tr

y
/r

eg
io

n

R
es

ea
rc

h

in
fr

as
tr

u
ct

u
re

O
E

x
is

te
n
ce

o
f

fu
n
d
in

g
p
ro

g
ra

m
s

In
st

it
u
ti

o
n
,

in
te

rn
al

/e
x
te

rn
al

,
co

u
n
tr

y
/r

eg
io

n
T

o
ta

l
fu

n
d
in

g
av

ai
la

b
le

T
o
ta

l
fu

n
d
in

g
o
b
ta

in
ed

O
P

re
se

n
ce

o
f

re
se

ar
ch

fa
ci

li
ti

es
U

n
iv

er
si

ty
/n

o
n
-u

n
iv

er
si

ty
,

p
u
b
li

c/
p
ri

v
at

e

O
E

x
is

te
n
ce

o
f

d
ed

ic
at

ed
o
u
tl

et
s

946 Scientometrics (2016) 109:927–951

123



researchers in conducting a more complete analysis of a research area. It is important to

note that the results of this study suggest that, while the definition of a ‘mature’ research

area should be relatively consistent across research areas, the interpretations of criteria and,

in some cases, even the applicability of certain criteria may vary. As noted previously, each

research area will mature in a unique way and the assessment should be tailored to the area

for an accurate assessment through careful consideration of the interpretation of the cri-

teria. For example, one common criterion for maturity is the presence of interdisciplinary

research teams and collaboration. This is much more relevant in scientific fields than it

would be in a humanities field where the convention is to have single-author papers. In

addition, the purpose of this study was to identify a comprehensive set of criteria for

maturity and not all of the criteria, or even dimensions, are applicable to every research

area. Finally, the subset of the framework that is applicable will also be heavily impacted

by the type of review that is being conducted. For example, a literature review of a single

journal cannot assess criteria such as the breadth of journals represented in the set, and

dimensions such as the genesis of the area are not assessable by time-period limited

reviews.

Case example

In order to test the proposed framework, a pilot example was conducted to assess the

maturity of the field of Engineering Management (EM) (Keathley et al. 2015, 2016). This

field has grown in recent years with a significant amount of published research and journals

dedicated to the area. The Engineering Management Journal (EMJ) was selected as the

focus of this investigation as it includes both academic and practitioner publications from a

wide range of EM topics. Further, in order to understand the most recent advancements in

this area, the scope of this analysis was limited to the last 10 years of publications.

To begin, the most recent 10 years of publications in the EMJ were collected, which

consisted of 40 issues and 227 publications. Due to the scope and structure of this

assessment, the Maturity Assessment Framework was evaluated to determine which

dimensions and criteria were applicable in this case. Since the review consisted of only one

journal and a limited time-period, the Genesis of the Area dimension and the Publication

Outlets criterion were not applicable. In addition to the 227 publications identified for the

assessment, additional information was obtained to assess criteria related to the Diffusion

and Infrastructure dimensions such as academic programs, journals dedicated to the area,

and communities of practice related to EM. The analysis of the Authorship Characteristics,

Publication Characteristics, Research Design Characteristics, and Impact dimensions were

previously reported (Keathley et al. 2015, 2016).

The results of applying the framework suggest that the maturity of the EM research area

varies based on the criterion being assessed. Due to the scope of this paper, only selected

results are discussed. First, the analysis of Authorship Characteristics focused on evalu-

ating the Author Quantity, Author Productivity and Collaborations among the authors.

There were 451 unique authors identified with only 83 having published more than one

paper in this area. The results showed that the authorship in this area is relatively con-

centrated with a small set of core authors that publish most often, with a regular influx of

new authors per year. This suggests that the area is relatively well developed with a

stable set of ‘experts’ that publish in this area. The country of origin, institutions and

disciplines of the authors were also investigated to demonstrate the collaboration in this

area. The results showed that the authors represented 33 countries, 153 institutions, and 57

unique disciplines. Interestingly, approximately 18 % of the authors identified their
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discipline as EM, suggesting that the field has matured to a point where it is a stand-alone

discipline. The results also showed that there is a significant amount of collaboration

among disciplines including between academic researchers and practitioners. This result

supports many claims that EM is a multi-disciplinary field with strong ties to practice

(Keathley et al. 2015, 2016). The impact of the publications and authors was investigated

by calculating the average number of citations per year, which resulted in the identification

of the top eight most-cited publications and the six most impactful authors. The Research

Design Characteristics were also investigated and the various data collection and data

analysis methods were evaluated. The results showed that there is a wide range of analyses

being used but more fundamental methods, such as conceptual frameworks, literature

reviews, and case studies, are used much more often than action research and more

advanced methods such as statistical hypothesis testing. In addition, there is evidence of an

increase in the rigor of the research in terms of longitudinal and multi-sample studies.

These results suggest that the methodological aspects of EM research can be improved and

advancements should be made by incorporating more rigorous methods and the inclusion

of more advanced mixed-methods studies. Finally, by looking outside of the paper set, the

team was able to identify academic programs and courses, communities of practice, social

media groups, dedicated journals, bodies of knowledge, and certification programs that are

dedicated to the area of EM. This suggests that the field has matured beyond simply being

an area of academic research and has begun to diffuse into industry both in terms of

generating new Engineering Managers through academic programs and in terms of

developing EM knowledge and skills that can be used in practice.

The results of this case example demonstrate the applicability of this approach to a

research area that is currently developing and in a moderate stage of maturity. The example

emphasizes the flexibility of the framework including selecting the portions of the

framework that are most applicable based on the research area and the structure of the

review used to identify the literature. By using the Maturity Assessment Framework, a

more comprehensive understanding of the development and level of maturity of this field

was obtained than could have been accomplished by using a SLR, bibliometric analyses or

research synthesis alone.

Conclusions

The results of this study support the initial interpretation that the literature concerned with

research area maturity is dispersed and assessments of this concept vary. Although several

maturity assessment studies were identified, there is little consistency among the studies in

terms of assessment criteria and terminology. The review was able to identify a broad set

of publications, which resulted in a framework that is much more comprehensive than

existing approaches as well as more flexible in terms of being applicable to any research

area. In addition, a more relevant and explicit definition of maturity was developed through

evaluations of the final paper set. This work contributes a comprehensive review of the

concept of research area maturity as well as an operationally-defined approach for

assessment. As discussed, the inclusion of this approach in the research framing process

combines previously-segregated approaches to analyzing the development of a research

area and provides a more directed approach to literature analysis as well as insights into the

quality of the knowledge available in the research area and ways to advance the area.
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Future work

There are many areas of future work that can help to further operationalize the framework

and develop a more structured approach to evaluating maturity. First, the framework

should be further refined and tested in a variety of research areas to provide a more

comprehensive and robust assessment, including expanding and improving the assessment

methods and metrics. Development of an explicit method to rate each criteria as well as a

detailed rating system (i.e., developing a rubric for interpreting criteria instead of just

assigning a rating of low, medium, or high maturity) are also needed. In addition, a

methodology to aggregate the ratings into an overall maturity score would provide a more

concise approach to reporting and interpreting the findings. This should also include a

method to weight each criterion instead of having them represented as having an equal

impact on the overall maturity rating. Future research could include an expert panel or

Delphi study to determine the weights to be used in the framework. This type of study

could also be repeated for various research areas, which would provide more detailed

information on the differences in interpretations and applications among research areas. It

would also further support the comparison of maturity across research areas allowing

researchers to determine strategic approaches for developing the area. Finally, a concise

portrayal tool is needed in order to represent the result from each portion of the assessment.

Since each criterion can have a different level of maturity, a radar chart could be a useful

option that would allow each criterion to be rated as having a low, medium, or high level of

maturity.
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