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A B S T R A C T   

This study aims to investigate the classification of technological innovation meta-theories based 
on classical texts, as well as the relationships between various classifications. Both qualitative and 
quantitative methods are employed. From the perspective of technological innovation, using 
scientometric methods, 105 pieces of classic texts from the 1930s–2010s are extracted from the 
references of 3862 pieces of high-quality literature from the 1900s–2020s. As a result, based on a 
combination of qualitative data analysis and topic model analysis, we developed a typology with 
eight meta-theories of technological innovation, including performance-based, resource-based, 
knowledge-based, capability-based, network-based, technological-innovation-system, dual- 
innovation, and dynamic-sustainability views. Then we analyzed 1) the evolution, reification, 
and confusion relationships between different meta-theories; 2) the causes of technological in-
novation’s concept jungle; and 3) an integrated framework of technological innovation meta- 
theories. This study analyzed the benefits of the meta-theoretical analysis on the future study 
of technological innovation. Additionally, the results of this study can help to measure techno-
logical innovation, construct new theories, and improve the efficiency of the connection between 
the practical problems of innovation and potentially useful theoretical frameworks.   

1. Introduction 

More than a few researchers have demonstrated that social science, including technological innovation studies, suffers from a 
problem of concept confusion problem [1–3]. Technological innovation research encompasses a wide range of disciplines, and its 
research scopes and problems go beyond Schumpeter’s initial definition. For instance, the research scopes open innovation [4], 
dual-innovation [5], and notational innovation system [6] are distinct from each other. The meanings of eco-innovation [7,8], 
sociotechnical innovation [9], and fintech innovation [10] have expanded Schumpeter’s concept of innovation. The issue of interest is 
the avoidance of confusion in concepts during cross-theoretical communication [11]. Although this study does not directly address this 
issue, its results are highly valuable in clarifying the problem of conceptual confusion. It seems that exploring and analyzing classic 
texts is an effective method to enhance clarity in the concepts of confusion in previous studies. 

Classic texts hold utility in streamlining the process of conceptual clarification [12]. An example is the conceptual analysis method 
(CAM) developed by Tähtinen and Havila [13], which aims to identify conceptual confusion and elucidate multiple terms and concepts 
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by tracing their theoretical roots. In comparison, limited attention has been given to meta-theoretical analysis for the cross-disciplinary 
learning problems in technological innovation studies. However, it has proven to be useful in technological innovation studies in the 
works of Cherp, Vinichenko, Jewell, Brutschin and Sovacool [14], Davies, Manning and Söderlund [15], and Sovacool, Hess and 
Cantoni [16]. 

In this study, we aim to combine the advantages of both classic texts and meta-theoretical analysis regarding technological 
innovation studies. To our knowledge, this is the first study to undertake such an approach in the field of technological innovation. 
There are three major aims of this study. 1) Mining classic texts in the field of technological innovation. The main challenge for this 
question is the comprehensiveness of the classic texts being unearthed. For the traditional systematic review, there are too many 
studies in the field of technological innovation to complete the comprehensive search process due to sample selection problems [17]. 
Emerging scientometric methods can help identify essential literature, but there are problems in interpreting the results and devel-
oping typologies [18]. 2) Develop the typology construct of the meta-theories and define the relationship between different techno-
logical innovation meta-theories. On the one hand, a combined method of qualitative data analysis and a network of citing 
relationships is attempted to use to classify various meta-theories. On the other hand, finding the independence of different back-
ground theories and improving the repeatability of the classification process are the main challenges. 3) Learn from the integrating 
meta-theoretical framework for future studies and practices. In connection with this matter, technological and practical implications 
are made from the perspective of the functions of both classic text analysis and meta-theoretical analysis. 

This study offers contributions to the field as follows: 1) To enhance the credibility and repeatability of the classic text refinement 
process, this study employs a combined methodological approach incorporating qualitative data analysis and scientometrics. By 
leveraging the strengths of each method, we achieve a more robust understanding of the topic at hand. 2) This study analyzes the 
similarities and differences among the eight classifications of technological innovation meta-theories through varied lenses, including 
evolution, reification, confusion, and research background. Therefore, an integrated framework of technological innovation meta- 
theories is constructed based on the results. 3) The meta-theoretical framework of technological innovation proposed in this study 
serves as a valuable tool for integrating technological innovation knowledge from different disciplines, and it is facilitating efficiency 
in connecting practical problems of innovation and potentially theoretically sound solutions. 

The rest of this study is organized as follows: The next section is a literature review to analyse the necessity of a meta-theory study of 
technological innovation. This is followed by a description of the research design, including the data collection and methodology 
description. Subsequently, we present the results and follow up with a discussion section. Finally, we summarize our conclusions, 
implications, and limitations in the final section. 

2. Literature review 

2.1. The centrality of the classic texts in social science 

In the realm of social science research, the term “classic text” denotes research outcomes that wield considerable and enduring 
influence [19]. Alternatively, a text that attains the status of a classic work contributes significantly to theory-building, enjoys 
widespread recognition among influential scholars, and garners substantial academic citation rates [20]. In social science research, 
reliance on classical texts endures, as researchers constantly produce such works to establish a relatively scientific research paradigm 
[21]. By invoking classic texts, we are able to situate the research content with in a common discourse system. 

To address the aforementioned questions in the introduction, analyzing the entirety of technological innovation research docu-
ments is a convoluted endeavor. Prior scholarship suggests that examining the theoretical roots of key concepts and terms presents a 
more efficacious approach, as divergences in their respective ontological and theoretical origins may indicate a multiplicity of sources 
[13]. Existing technology affords us to undertake a meta-theoretical classification of the knowledge base in technological innovation 
[22]. Building upon prior literature [23,24], this study regards classic texts within a given field as the foundation for meta-theoretical 
classification. 

2.2. Meta-theoretical studies of technological innovation 

The theoretical system poses another challenge in this study. A meta-theoretical analysis is an incipient analytical method of meta- 
studies [25], which encompasses classic text mining, theoretical foundation analysis, and topic [26] or field [27] classification. It can 
be construed as a re-study of a collection of primary theoretical studies. The meta-theoretical analysis concentrates on the fundamental 
theories that make up the various theories of the common problems [28,29]. Such analysis facilitates the integration of domain 
knowledge and also helps to alleviate the schism and discord between researchers and practitioners [30]. A meta-theory of techno-
logical innovation is a theoretical framework that can recapitulate a sequence of concepts, theories, arguments, and conclusions from 
technological innovation research [31]. 

On the one hand, the meta-theory of technological innovation serves to clarify the evolutionary path of technological innovation as 
a research domain. Some studies that concentrate on the theoretical classification of innovation have also become classic texts with 
substantial influence [1,32]. On the other hand, the meta-theory analysis of technological innovation can promote the dissemination of 
knowledge from the field of technological innovation to other research fields [15,33,34]. 
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3. Research design 

To address the issue of the typology of meta-theories of technological innovation raised above, this study designed a technical 
routine (shown in Fig. 1) and an accompanying research framework. 

First, regarding the data collection process illustrated in Fig. 1, the inquiry employed the search formula “TS = (techn* innovation)” 
to scrutinize the core collections of the Web of Science during a predetermined timeframe, from the 1900s–2020s. The search yielded 
an excess of 9000 documents, which were subsequently refined to ensure a heightened focus on technological innovation. To achieve 
this end, only publications that contained five or more documents on technological innovation are retained [35]. Then, the results are 
further screened according to the quality of the literature was accessed based on the sources eminence and the literature’s importance, 
as indicated by the literature characteristic indicators [36]. More specifically, the JCR’s (journal citation reports) quartile comparison 
function is utilized to distinguish sources from JCR’s Q1 and Q2 categories, which led to a collection of 3432 documents. Thereafter, 
the documents were subjected to further scrutiny based on the number of citations received within the Q3 and Q4 categories. Only 
documents that were cited ten or more times were remained, leading to a final collection of 430 articles. Overall, after these screening, 
3862 high-quality documents were obtained. 

Second, this study employs a hybrid approach that utilizes scientometric analysis, qualitative data analysis, and topic model 
analysis. Specifically, the investigation leverages Reference Publication Year Spectroscopy (RPYS) analysis technique to explore the 
distribution of cited documents in the field of technological innovation and their publication year frequency, thereby uncovering the 
research’s historical origins and impact [37]. However, the present application of RPYS analysis measures theoretical importance 
solely based on the cited number of a document, which makes it arduous to classify and correlate the theoretical background. As such, 
this article augments RPYS with qualitative data analysis, wherein classic texts are coded and classified, and conducts a robustness test 
of classification results through topic model analysis. 

Third, this study discusses the results in a synthesis, including 1) the interplay between evolution, reification, and confusion in 
distinct meta-theories; 2) a comparative analysis of the respective research background of these meta-theories; and 3) an integrated 
framework for meta-theories concerning technological innovation. 

Forth, this study encapsulates its conclusions and implications through the lens of theoretical significance, while also proffering 
suggestions for future research and practical implications. 

4. Results 

4.1. Identification of core scholars in technological innovation studies 

The software, CRExplore (Thor et al., 2016), is employed to conduct an analyse of references cited in the original documents 
utilizing the RPYS method. The results of the RPYS show that there are over 146,300 references that have been cited in 3862 pieces of 
high-quality technological innovation documents, spanning the time period between 1848 and 2020. The results of the RPYS analysis 
offer an opportunity to screen the classic texts of technological innovation studies. 

First, previous co-citation methods usually take the document as the unit of analysis [38]. However, a researcher’s theoretical 
framework may be supported by multiple documents. Simultaneously, a document’s worthiness can only discernible through its 
long-standing and perpetual pertinence. Therefore, this study considers three factors for the literature screening: the author’s cu-
mulative contributions, the contributions of an individual document, and whether these contributions are sustainable. To achieve 
these three goals concurrently, this study executed the following steps. 

Fig. 1. Technique map of this study.  
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Step 1: The H-index indicator [39] is utilized to measure the contribution made by each author. This study identifies the first author 
of each reference and their corresponding H-index is calculated. 
Step 2: The cumulative value of an author’s H most cited articles (H equals the value of the H-index of an author) is computed, 
thereby providing a more nuanced assessment of scholarly impact. Unlike the simple H-index value, the cumulative value only 
accounts for an author’s most influential works, thereby mitigating bias. Moreover, the cumulative value effectively addresses the 
potential for important publications to be overlooked among authors with low aggregate H-index scores. 

Fig. 2. Times cited by core scholars in technological innovation.  
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Step 3: Applying the 80/20 rule in the core collection screening process [40,41], scholars with a cumulative value greater than 100 
are identified as core scholars. This process results in the screening of 620 publications authored by 90 individuals. Fig. 2 depicts a 
heat map reflecting the frequency with which each author was cited across different time periods. 

Second, the second-order references of 620 publications are identified and analyzed. References cited in the original documents are 
termed first-order references, while those cited in the first-order references are defined as second-order references. The cumulative H- 
index of the cited authors in the second-order references is also calculated. The results indicate that the core attributes of the first-order 
reference authors are retained in the second-order references. 

4.2. Classification of meta-theories based on classic texts 

Following the process of qualitative data analysis [42], the core publications of core researchers are subject to encoding and 
classification. The ensuing measures are as follows. 

Step 1: Further refining the number of core documents to identify classic texts. In accordance with the criteria outlined in section 
2.2, we have established two standards that a document must meet to be considered as a classic text. Firstly, the document should 
have a significant and enduring impact on technological innovation. Second, the document should make a great direct contribution 
to the establishment of theories related to the phenomenon of technological innovation. Each core document is coded and analyzed 
based on various factors including its type of study (whether it is empirical, review, theoretical, or hybrid), whether it expands upon 
the concept of technological innovation, whether it introduces new variables relevant to technological innovation, whether it raises 
new theoretical questions about technological innovation, and whether it is a representative theoretical document core authors 
with relation to technological innovation. As a result, we have excluded 13 documents authored by three individuals, as these 
publications solely focused on method development (e.g. Yin [43]). Other 105 documents from 87 authors are screened out as their 
classic texts. 
Step 2: The establishment of theoretical coding’s fundamental principles stems from three perspectives. a) Classic texts are sorted in 
chronological order based on their date of publication. The earliest documents and the author’s theory are designated as the initial 
meta-theoretical classification. b) Classic texts are scrutinized sequentially to determine whether the theory developed from the 
text aligns with a pre-classified meta-theory. If the document either augments the pre-classified meta-theory or supplements it, the 
text is incorporated into the corresponding meta-theory. Otherwise, if it cannot be classified into an existing theory, then a new 
meta-theory classification is established. c) when a classic text incorporates or advances two or more classified meta-theories, its 
classification is determined by the number of each meta-theoretical text cited and the research backgrounds of the authors and co- 
authors. 

Fig. 3. Typology of meta-theories and the cited network of classic texts.  
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Step 3: Fig. 3 is drawn to show the final classification of meta-theories and the cited network between the classical texts contained 
in each meta-theory. 

4.3. Robustness analysis of the meta-theories classification 

To access the soundness of the proposed classification, this study employs the following robustness test through a topic modeling 
process. a) We compile a comprehensive list of all documents that cite each classic text authored by the respective scholars and extract 
their relevant keywords, which include both author keywords and the Web of Science’s keyword plus. b) These keyword data are then 
utilized as the primary corpus for a latent Dirichlet allocation model (LDA [44]), with the number of categories set to 8, and the 
resulting categories are compared with the classification obtained from the manual coding analysis. c) The cloud map depicted in Fig. 4 
showcases the prominent topics associated with each classification. 

Fig. 4 has denoted the salient keywords that are characteristic of each cloud map. The LDA classification results, when juxtaposed 
with our manual coding classification results, manifest a near-perfect correspondence between the two. To be more precise, topic 1 
corresponds to the resource-based view; topic 2 is associated with the knowledge-based view; topic 3 is commensurate with the 
network-based view; topic 4 aligns with the performance-based view; topic 5 is congruous with the capability-based view; topic 6 is 

Fig. 4. Results of the LDA model.  
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aligned with the dual-innovation view; topic 7 is congruent with to the dynamic sustainable view; and topic 8 corresponds to the 
technological innovation system view. The matching degree of the document category attribution probability corresponding to each 
LDA category results with the manual classification reaches 80%. 

4.4. Description of technological innovation meta-theories 

4.4.1. X-factor-based views 
The X-factor-based views postulate that technological innovation emanates from a pivotal factor denoted as X, which subsequently 

drives technological advancements. Then, the result of technological innovation serves this factor X alternately. This study has 
identified five meta-theories that are grounded in the X-factor-based framework. In general, the theoretical framework of technological 
innovation from this perspective can be divided into two parts: the discussion of factor X and its theoretical frameworks, and the 
correlation between factor X and technological innovation. Out of the eight mate-theories expounded in this study, the five X-factor- 
based views are as follows: 

Performance-based view. — The first category of concern that has captivated the attention of scholars investigating technological 
innovation studies pertains to the intersection between innovation and the economy. The main feature of the performance-based view 
lies in the subjects, behaviours, and factors involved in technological innovation activities are expressed via classic economic concepts 
and models [45,46]. The improvement of economic performance is the primary objective of technological innovation activities [32,47, 
48]. From an economic analysis perspective, the research on the economic performance-based view includes two aspects. The first 
aspect investigates the nexus between innovation and economic performance [49–51], while the second aspect explores methods of 
evaluating the relationship between innovation and economic performance [52,53]. 

Resource-based view. — From a narrow perspective, resources related to technological innovation may comprise of market power, 
firms’ profitability, product diversification, and innovation opportunities [54]; scientists and engineers, planning, and management 
technology [55]; organizational management attributes [56]; market commitment, experimentation, and technical connections [57]; 
and R&D investment [58]. From a broad perspective, resources can encompass all tangible or intangible assets, capabilities, orga-
nizational processes, firm attributes, information, and knowledge that organizations utilize to implement strategies to improve effi-
ciency and influence capabilities [59]. Research on the resource-based view suggests that technological innovation results from the 
operation of resource advantages. The classic texts have demonstrated that different organizations or heterogeneous innovations need 
different resource configurations [60,61]. Concurrently, the resource-based view claims that technological innovation is an effective 
way to form resource location barriers [62] and attain sustainable competitive advantage [59]. 

Knowledge-based view. —Technological innovation research involves various forms of knowledge, such as market information 
produced by basic research and invention [63,64], new ideas [65], organizational intelligence [66], patents [67], and technical 
know-how [68]. These forms of knowledge can be explicit or tacit and can be transformed into each other [63,69]. T knowledge-based 
view assumes that knowledge is transferability, can be aggregation, can be appropriated, requires specialized acquisition, and is 
essential for production [70]. Knowledge creation is not necessarily a specialized activity, but creating knowledge is a process of 
innovation [69,71]. Classic texts argue that learning and public knowledge creation are both important factors in knowledge creation 
activities [66,72]. From the aspect of the application of knowledge [65], the influencing factors mainly emphasized by classic texts 
include absorptive capacity and transformation ability [70,73], network connections [68], the breadth and depth of search knowledge 
[74], and geographic location limitation [67]. However, the same information may have different effects on individuals due to the 
differences in knowledge accumulation [75]. Moreover, knowledge may lead to a decline in the overall quality of invention [76]. 

Network-based view. — Networks can be comprised of individuals and diverse organizations, such as firms, government de-
partments, or universities [77]. The type of network connection can be cooperation with competitors [78], cooperation between firms 
and universities [77], strategic alliance networks [79], social relations networks [80], and interfirm networks of open innovation [81]. 
The formation of networks is predicated upon the interdependence of past cooperative relations and strategies [82]. Networks’ in-
fluence on innovation can be divided into heterogeneous links effect [77,79,83,84], network learning effects [85,86], and the firm’s 
network centrality positively effects [87,88]. The impact of innovation on networks’ foundation depends on factors such as trust [82], 
knowledge accumulation [86,87], and open innovation strategies [81], with highly technology-intensive firms mainly forming 
technology networks, while low-technology-intensive firms tend to gravitating market cooperation networks [79]. 

Capability-based view. — Capability is a frequent concept in management research. However, it is typically discussed in conjunction 
with other concepts. Day [89] posited that an organization’s capability is a distinctive characteristic that sets it apart from others with 
similar traits. The capabilities related to technological innovation mainly include dynamic capabilities [90], absorptive capabilities 
[91], relative absorptive capabilities [92], core competence [93], and transformative capability [94]. 

4.4.2. Dual-innovation view 
Research on the duality of technological innovation has proposed a variety of innovation typology constructs, including 1) product 

innovation and process innovation [95]; 2) incremental innovation, radical innovation, and evolutionary innovation [96]; 3) inno-
vation from the bottom up and innovation from the top down [97]; 4) modular innovation and architectural innovation [98]; 5) 
exploratory innovation and exploited innovation [99]; and 6) sustaining technologies and disruptive technologies [100]. The main 
point of the dual innovation view of technological innovation is how to understand the reason and pattern of the duality of techno-
logical innovation [97,101,102]. From previous classic texts, we can also find how to take effective measures to deal with the risks 
caused by the duality of innovation [95,100,103,104]. 
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4.4.3. Technological-innovation-system view 
Technological innovation systems are usually used to analyse innovation phenomena at the macro level and in a systematic 

manner. There are various forms of technological innovation systems, such as national innovation systems [105,106], technological 
systems [107], sectoral systems of innovation [108], and technological innovation systems [109]. Classic texts in technological 
innovation system view main developed the diamond theory [110], the learning theory in a national system of innovation [106], and 
the typology of national innovation systems [105]. 

4.4.4. Dynamic-sustainable view 
The main problem of the dynamic-sustainable-view study is the relationship between technological innovation activities and time. 

There are two perspectives to explain dynamic sustainability. The first perspective explains the concept from the dynamics and sus-
tainability of certain technological changes [111,112]. The second way explains the dynamic sustainability of the environment and 
socioeconomic development, such as energy system transformation [113] and sustainable sociotechnical transitions [114]. The former 
perspective introduces fundamental concepts such as routine, search, selection, technological paradigm, and technological trajectory 
[115,116]. Empirically, a significant research question is whether the sustainability of technological innovation can be deliberately 
controlled at the firm level to achieve stable growth [117,118]. The latter perspective has received increasing attention in recent years 
regarding the relationship between environmental sustainability and technological innovation [114,119–125]. 

5. Discussion 

The principal purpose of this study is to alleviate the tension between complex concepts and theoretical systems regarding tech-
nological innovation. In light of this context, this study puts forth three specific questions and addresses them by means of exploring 
and establishing a typology construct of technological innovation meta-theories. This study employs a combined methodology to 
divide the technological innovation meta-theory into eight types: which include five X-factor basic views (performance-, resource-, 
knowledge-, capability-, and network-based views), dual-innovation view, technological innovation system view, and dynamic- 
sustainable view. Through the analysis of the concepts, perspectives, backgrounds, and main ideas presented in the classic texts of 
these meta-theories, several noteworthy characteristics of the meta-theories of technological innovation can be delineated. 

5.1. The evolution, reification, and confusion between the meta-theories 

First, from a broad perspective, technological innovation meta-theories exhibit significant characteristics of period division, 
allowing for the identification of development trends in technological innovation theories. As shown in Fig. 3, during the first stage 
before the 1960s, the earliest classic texts were limited to the performance-based view conducted by Schumpeter [45] and Schumpeter 
[46]. In the second stage, spanning from the 1960s–1980s, saw the formation of classical texts of the knowledge-based view, 
resource-based view, dual-innovation view, and technological-innovation-system view in succession. During the third stage, from the 
1980s to the 1990s, earlier classic texts on dynamic sustainability, network-based view, and capability-based view emerged. Between 
the 1990s–2000s, classic texts on various types of meta-theory co-increased, with the knowledge-based view, technological innovation 
system view, and network-based view having the highest number of classic texts during this period. Since the 2000s, there has been 
little increase in classic texts on resource-based view, while the dual-innovation view, capability-based view, performance-based view, 
and knowledge-based view have experienced relatively slight increases. In contrast, the number of classic texts in dynamic-sustainable 
view, network-based view, and technological-innovation-system view has continued to grow. 

Second, there exist reification relationships between certain meta-theories. The term “reification” denotes exogenous entities 
detached from their origins [35]. The “reification relationship” means that a meta-theory of technological innovation produced later is 
utilized, combined, referenced, or altered from an earlier type(s) of meta-theory. Reification can usually be divided into two parts: the 
reification of the existing meta-theory in the past and the reification of external theories. Each meta-theory differs in the proportion of 
inheritance from the past and the combination of external theories. Specifically, the performance-based view introduced technological 
innovation concepts and ideas under the economic theory framework. In contrast, the resource-based view, which evolved from the 
performance-based view based on strategic management theory, focuses on studying how to gain sustainable advantages at the or-
ganization level through the management of technological innovation. The performance-based view focuses on how technological 
innovation influences economic activities, but it rarely considers how technological innovation is produced and how innovation can 
emerge more efficiently. Therefore, there are two meta-theories, the knowledge-based view and the network-based view, which 
concentrate on how to produce innovation based on knowledge and how to make the process of technological innovation more 
efficient at the base of the network, respectively. The capability-based view’s arguments are based on the comprehensive utilization of 
knowledge and resources, and a dual-innovation view is established to explain why innovative activities conducted for a certain 
purpose do not always result in successful innovation. Across these theories, the classic texts of the knowledge-based view and 
dual-innovation view mainly employ economics and management theories. The primary theoretical source of the network view is 
sociology-related research, and the capability view is mainly combined with management theories. To clarify the complexity and 
dynamics of the issues involved in technological innovation, the classic performance-based view is reified to the theories and methods 
of the technological innovation system view and the dynamic sustainability view. These two theories also combine theories of eco-
nomics, system theory, and environmental science. 

Third, a lack of clarity exists regarding the meta-theories of technological innovation. The confusion relationship is referenced from 
the confusion matrix in computer science and statistics [126]. It is a means of measuring the degree of aggregation within a category 
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and the dispersion between categories. To demonstrate this confusion relationship, Fig. 5 has been depicted to exhibit the proportions 
of other meta-theoretical classics cited by a single meta-theory. Fig. 5 reveals that the percentage of internal citations in the category of 
classic texts of each meta-theory is the highest amongst all citations, apart from the resource-based view. This indicates both the 
rationality of the classification as well as the varying levels of confusion between different meta-theories. The rationale of the citing 
relationship to analyse confusion lies in the following fact: on the one hand, the definition of the conceptual confusion rests on studies 
that focus on the same phenomenon [13], while the citing relationship implies a consistency of concerns. On the other hand, because 
the reification of one meta-theory’s texts may become the foundation of another meta-theory’s reification, a confusion relationship 
exists between the meta-theories share citation relationships. This study presents a network relationship diagram, illustrated in Fig. 6, 
which reflects the level of confusion in the connections between various technological innovation meta-theories. The red lines with 
arrows depict the most frequently cited external meta-theory in relation to the citing meta-theory, while the blue lines with arrows 
indicate the second most cited external meta-theory. Fig. 6 demonstrates that, when the performance-based view is taken as the centre, 
the meta-theory of technological innovation has been split into two major clusters, which correspond to the location distribution of the 
Big Dipper and the North Star. In the handle portion of the dipper, the first cluster’s nucleus is the dynamic-sustainable-view, which is 
most frequently cited by the technological-innovation-system view and the resource-based view. The dynamic-sustainable view mainly 
cites the classic texts of the technological-innovation-system view. The core of the second cluster at the head of the dipper is the 
dual-innovation view. The performance-based view and the dynamic-sustainability view are cited most by the capability-based view 
and the knowledge-based view. The knowledge-based view and capability-based view further extend the position of North Star. That 
is, the knowledge-based view and capability-based view are the main citation sources for the network-based view. 

5.2. The reason for the typology jungle of technological innovation 

In the literature review section, this study referred to the conundrum of classifying technological innovation according to jungle 

Fig. 5. The confusion relationship between meta-theories.  
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typology. Research on the technological innovation meta-theory is conducive to elucidating the full meaning of technological inno-
vation. Distinct meta-theories are characterized by their distinct theoretical backgrounds, research foci, and research goals. According 
to the substance-attributes definition method [127], various meta-theories espouse the same views on the essence of innovation. Thus, 
it is scarcely tenable to contend that the substance exceeds the Schumpeter’s definition. The disparity in the interpretation of tech-
nological innovation among various meta-theories arises from differences in the attributes of the new combination and the process. 
This differentiation can be analyzed from the following two perspectives. 

Regarding the research object of various meta-theories, Fig. 7 depicts the research levels of 105 classic texts on technological 
innovation. The coding results in Fig. 7 indicate that the primary research subjects addressed in these classic texts encompass in-
dividuals, firms/organizations, networks/alliances, industries, and countries/regions. In general, innovation research at the firm level 
dominates, followed by research on the national/regional and network/alliance levels, with the industry and individual levels 
occupying the third and fourth places, respectively. Different types of meta-theories show significant differences in terms of research 
levels. The performance-based view, technological innovation system view, and dynamic sustainability view mainly concentrate on 
the firm and country/region levels, with limited attention given to the industries and network/alliance levels. The resource-based, 
knowledge-based, capability-based, and dual-innovation views exhibit a more substantial emphasis on the firm level. In contrast, 
the network-based view focuses on both the firm and network/alliance levels. 

To comprehend the function and characteristics of technological innovation, the performance-based view suggests that it en-
compasses conceptual and theorized internal factors that act as the driving force of economic activities. The technological innovation 
generates and affects the allocation and flow of new factors in the economic system, thereby making it a variable in both the micro- and 
macro-level production functions. Additionally, the dynamic-sustainable view and the technological-innovation-system view consider 
the basic units of technological innovation at both the firm and national levels. While the former view pays more attention to the cyclic 
and evolutionary nature of technological innovation, the latter is concerned with the influence of different departmental subsystem 
behaviours on overall technological innovation. In contrast, other meta-theories assert that the organization or firm is the basic unit of 
technological innovation. According to the knowledge-based view, technological innovation involves a transformation process from 
the knowledge stored in individuals to normal productive activities within an organization or firm. Furthermore, the network-based 
view broadens the scope of this knowledge transfer to alliances or networks. The resource-based view considers technological inno-
vation as a strategic means, with the basic unit is also the organization or firm. Similarly, the capability-based view regards tech-
nological innovation as the more effective result of integrating knowledge and resources to obtain or exert ability. 

Therefore, to a certain degree, the variance in research levels and divergent interpretations of technological innovation activities 
has resulted in the proliferation of the “concept jungle” of technological innovation. Furthermore, there exists a complimentary re-
lationships among the differing meta-theoretical perspectives on technological innovation. 

5.3. An integrated framework of technological innovation meta-theories 

Fig. 6 depicts the inter-citation relations among diverse meta-theories of technological innovation, revealing that while techno-
logical innovation meta-theories exhibit considerable independence, they also evince intricate reification and confusion relations. 
These relationships offer the possibility of constructing an all-inclusive meta-theoretical framework. At the same time, establishing a 
unified integration framework would advance the standardization and cohesion of technological innovation research [128]. However, 
this unified framework generates varying outcomes from different perspectives. Fig. 8 illustrates one such framework, which considers 
the main tasks of different meta-theories in technological innovation activities. The upper portion of Fig. 8 showcases the interrelations 
among meta-theories, while the table columns beneath represent the core elements of each meta-theory at diverse research levels, such 
as nations/regions, industries, networks/alliances, firms/organizations, and individuals. In this framework, resources, knowledge, 
capability, and networks constitute the determining factors driving innovation activities, giving rise to dual innovation with different 
attributes. Innovation activities influence performance, which in turn affects dynamic changes and sustainable pursuits, shaping the 

Fig. 6. Map based on the confusion relationship between meta-theories.  
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values, goals, and institutional frameworks that govern the operation of the technological innovation system. The establishment of a 
new combination of the determining factors is necessary to facilitate a new wave of technological innovation. 

5.4. How the mate-theories analysis beneficial to the future research 

A paradigm refers to a set of representative issues and their corresponding resolutions that guide a scientific community’s 
fundamental approach to their subject of study [129]. Examination in Section 4.4 demonstrates that each meta-theory can elucidate 

Fig. 7. Research level of each meta-theory and classic text.  
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various technological innovation phenomena from distinct vantage perspectives. Understanding these meta-theoretical paradigms 
bears significant implications for future research. For example, Overton [130] posits that a scientific paradigm, consisting of nested 
meta-theories with Relationism at the broadest level and Relational-Developmental-Systems as a mid-range meta-theory, constitutes a 
more progressive conceptual framework for developmental science. Houston [131] examines and defines the spectrum of 
meta-theoretical premises concerning risk and their influence on risk practices for children encountering various hazards in social life. 
Furthermore, several studies have enriched their field’s paradigms by creating a framework through a meta-theoretical typologies 
analysis [132,133], as exemplified by Fig. 6. 

Additionally, in Fig. 3, it is demonstrated that the domain of technological innovation theory remains a thriving area of research, 
evidenced by the citation rates of recently published classic texts that are comparable to those of classic texts from decades ago. As 
such, fresh research questions continue to arise, and novel concepts and theories are regularly formulated [e.g. Ref. [134]]. Most of the 
current research scopes and problems on various meta-theoretical types have surpassed the earliest meta-theoretical literature. This 
makes the establishment of new theories more necessary to analyse the differences, connections, and possible causality between 
historical concepts and theoretical frameworks. This study proposes multiple theoretical implications and research suggestions for 
future research in the following chapter. 

6. Conclusions and implications 

This study aims to develop an analysis framework for the identification, classification, and association analysis of meta-theories. 
The analysis framework combines multiple methods, including bibliometrics, RPYS, knowledge map, natural language processing, 
and qualitative data analysis. This study applied this set of methods in the field of technological innovation. Compared with previous 
studies, this multi-method framework enhances the credibility and repeatability of the classic text refinement and classification 
process. The conclusions and implications can be made as follows. 

6.1. Conclusions 

This study presents a comprehensive overview of the meta-theories in technological innovation research by extraction and analysis 
of classic texts. The types of meta-theories include the performance-based view, resource-based view, knowledge-based view, 
capability-based view, network-based view, dual-innovation view, dynamic-sustainable view, and technological-innovation-system 
view. Each of these meta-theories emphasizes and interprets the source, function, background, and relationships between techno-
logical innovation with other variables differently. Moreover, these meta-theories display complex evolution, reification, and 
confusion relationships, indicating heterogeneous distances among them. Specifically, the earliest meta-theory, the performance- 
based view, is connected to the dynamic-sustainable and dual-innovation views. The dynamic sustainability view is at the core of a 
cluster combined with the technological-innovation-system-view and the resource-based view. In contrast, the dual innovation view is 
at the core of another cluster combined with the knowledge-based view, the capability-based view, and the network-based view. 
Additionally, the research scope, objects, and purposes of these meta-theories have led to distinct definitions and research paradigms of 
technological innovation. 

Fig. 8. An integrated framework of meta-theories.  
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6.2. Theoretical implications and future research suggestions 

In this study, an integrated framework of technological innovation meta-theories is constructed. Each meta-theory’s perspective 
can complement the others. This study contends that this framework can stimulate future research from at least three aspects: first, a 
deeper comprehension of the concept of technological innovation; second, an examination of prevailing problems through the com-
bination of different meta-theories; third, an exploration of the cutting-edge field of technological innovation under a holistic 
framework. Consequently, we propose three potential research themes as follows. 

6.2.1. The evaluation of innovation and its related factors 
Dziallas and Blind [2] summarized two limitations on innovation indicators in their study, namely, a) the study’s sample is based on 

a restricted range of selected keywords, and b) the relevant literature used in their study comprises a wide and extensive spectrum of 
publications, nevertheless, several factors and indicators are occasionally presented ambiguously in these publications and hence are 
difficult to apply in practice. To tackle the first limitation, the strategy of seeking documents from the perspective of classic texts could 
decrease the sampling error. Specifically, the sample collection could be divided into two stages: after searching for the sample using 
keywords, researchers could find the citing documents of the classic texts of technological innovation that are not included in the 
sample, and then conduct further screening of the target sample based on these documents. As for the second limitation, the 
meta-theoretical analysis enables researchers to unearth the root of ambiguous factors and indicators, thus providing a better un-
derstanding of the indicators’ landscape. Moreover, meta-theoretical analysis is conducive to improving the understanding of the 
innovation process, which is crucial for evaluating innovation in both academia and business. 

6.2.2. Unearthing new technological innovation theories 
One of the notable findings of this study is the varying distances across meta-theories. Drawing from the weak ties theory [135] and 

the structural holes theory [136], the meta-theoretical network shows the presence of structural holes that stem from weak ties with 
unequal information, thus presenting an opportunity to develop new theories. As illustrated in Fig. 5, the 
technological-innovation-system view and the resource-based view are each other’s least cited meta-theories. The main reason is that 
the former mainly examines macro level problems, while the latter mainly focuses on micro-organization level. Few studies have 
combined these two views, yet such a combination could be highly valuable. For example, Kang and Park [137] integrated the national 
innovation system approach and a resource-based view to define a framework that can be used to assess the influence of government 
R&D support and inter-firm collaborations on innovation in SMEs. 

6.2.3. Investigating sustainable technological change 
Sustainability includes two dimensions: the sustainability of resources and environment as defined by environmental science, and 

the steady and sustainable advancement of technological changes. At the macro level, the topics covered the comparison of the 
sustainability of technological innovation in different institutional and cultural contexts, the development of policy tools, and the 
public-private sector synergy. At the micro-level, it involves how organizations respond to disruptive technological innovations and 
strike a balance between exploration and exploitation activities to achieve stable development. This is among the most popular 
research fields in today’s technological, economic, and environmental scenarios [138]. Innovation is an uncertain phenomenon, and 
current research is still in the exploratory phase. Every meta-theoretical research aims to identify the decisive factors of technological 
innovation and methods to control it. Although technological innovation has become a stable variable in economic models, current 
achievements cannot predict its impact on the economy or anticipate the effects of changes in taxes, currency, or interest on the 
economy. Meta-theory can offer more theoretical perspectives for research in this field and help to unify related research paradigms. 

6.3. Practical implications 

At least, in relation to participants involved in innovative practical activities, the analysis of the meta-theory of technological 
innovation in this study can serve as a popular science document while also furnishing support for the optimization of innovation 
activities. 

On the one hand, this study helps prevent participants in innovation activities from getting lost in the “concept jungle” of inno-
vation. The summary and introduction of meta-theories in this study facilitate non-professionals in gaining a prompt understanding of 
the technological innovation domain. If they seek to gain deeper insights into any given theory or concept, they can effortlessly trace it 
back to the corresponding classic texts or the citing literature of the classic texts. In this way, participants in innovation activities can 
seamlessly correlate their specific innovation activities with innovation theories. 

On the other hand, the meta-theoretical integration model propounded in this study can provide sound support for decision-making 
and innovation activity optimization. For example, policymakers who tend to consider problems primarily from a macro perspective 
can be made cognizant of the duality of micro-level innovation outcomes and the principles governing an organization’s utilization of 
external resources. Furthermore, factors such as networks, knowledge, resources, capability, and performance may all serve as double- 
edged swords. Thus, policymakers can make policies from a more comprehensive and scientific perspective. With respect to innovation 
participants in micro-organizations, this study’s results can be linked to the impact of macro-level factors on the shifting trends of 
decisive innovation factors to formulate a sustainable and sensible innovation strategy. 
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7. Limitations 

This study is subject to several important limitations that must be taken into consideration. First, the criteria for theoretical 
classification in the qualitative data analysis are still open for discussion. In this study, we primarily categorized the research themes of 
classical texts based on their chronological order, and while the results align well with those of the LDA model, different criteria in 
manual or algorithmic classification could yield different results. It is hoped that future research will arrive at a greater consensus on 
this issue. Second, although an analysis based on historical classic texts is useful for uncovering the theoretical foundations of current 
research. However, our study does not offer sufficient analysis of current research trends and emerging theories since the limited 
capacity and methods available to process a large volume of text data. This will be an important avenue for further research in the 
future. 
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D. Wang, A.L. Barabási, Science of science, Sci. 359 (2018) 6379. 
[25] B.L. Paterson, S.E. Thorne, C. Canam, C. Jillings, Meta-study of Qualitative Health Research: A Practical Guide to Meta-Analysis and Meta-Synthesis, Sage, 

Newcastle upon Tyne, 2001. 
[26] M.F. Niculescu, D. Wu, L. Xu, Strategic intellectual property sharing: competition on an open technology platform under network effects, Inf. Syst. Res. 29 (2) 

(2018) 498–519. 
[27] P. Laina, Meta-theory as a uniting framework for economics and global political economy, J. Crit. Realism 17 (3) (2018) 221–232. 
[28] S. Zhao, Metatheory, metamethod, meta-data-analysis: what, why, and how? Socio. Perspect. 34 (3) (1991) 377–390. 
[29] B.G. King, T. Felin, D.A. Whetten, Perspective—finding the organization in organizational theory: a meta-theory of the organization as a social actor, Organ. 

Sci. 21 (1) (2010) 290–305. 
[30] D.A. Dzewaltowski, The ecology of physical activity and sport: merging science and practice, J. Appl. Sport Psychol. 9 (2) (1997) 254–276. 

X. Wei et al.                                                                                                                                                                                                            

http://refhub.elsevier.com/S2405-8440(23)03986-5/sref1
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref1
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref2
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref3
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref3
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref4
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref4
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref5
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref5
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref6
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref6
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref7
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref7
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref8
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref8
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref9
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref9
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref10
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref11
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref11
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref12
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref12
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref13
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref13
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref14
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref14
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref15
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref15
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref16
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref16
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref17
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref18
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref18
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref19
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref20
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref20
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref21
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref22
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref22
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref23
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref24
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref24
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref25
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref25
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref26
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref26
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref27
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref28
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref29
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref29
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref30


Heliyon 9 (2023) e16779

15

[31] F. Niederman, S.T. March, Broadening the conceptualization of theory in the information systems discipline: a meta-theory approach, ACM SIGMIS - Data Base: 
the DATABASE for Adv. Inform. Syst. 50 (2) (2019) 18–44. 

[32] C. Freeman, The economics of technical change, Camb. J. Econ. 18 (5) (1982) 463–514. 
[33] J. Bateira, L.V. Ferreira, Questioning EU cohesion policy in Portugal: a complex systems approach, Eur. Urban Reg. Stud. 9 (4) (2002) 297–314. 
[34] I. Ilott, K. Gerrish, A. Booth, B. Field, Testing the consolidated framework for implementation research on health care innovations from south yorkshire, 

J. Eval. Clin. Pract. 19 (5) (2013) 915–924. 
[35] P.J. Lane, B.R. Koka, S. Pathak, The reification of absorptive capacity: a critical review and rejuvenation of the construct, Acad. Manag. Rev. 31 (4) (2006) 

833–863. 
[36] B. Cronin, C.R. Sugimoto, Beyond Bibliometrics: Harnessing Multidimensional Indicators of Scholarly Impact, MIT Press, 2014. 
[37] A. Thor, W. Marx, L. Leydesdorff, L. Bornmann, Introducing CitedReferencesExplorer (CRExplorer): a program for reference publication year spectroscopy with 

cited references standardization, Journal of Informetrics 10 (2) (2016) 503–515. 
[38] G.A. Silvente, C. Ciupak, J.A. Carneiro-da-Cunha, Top management teams: a bibliometric research from 2005 to 2015, Int. J. Manag. Decis. Making 17 (1) 

(2018) 95–124. 
[39] J.E. Hirsch, An index to quantify an individual’s scientific research output, Proc. Natl. Acad. Sci. USA 102 (46) (2005) 16569–16572. 
[40] C.L. Watwood, Mapping the literature of pediatric nursing: update and implications for library services, J. Med. Libr. Assoc.: JMLA 104 (4) (2016) 278. 
[41] L. Egghe, Pratt’s measure for some bibliometric distributions and its relation with the 80/20 rule, J. Am. Soc. Inf. Sci. 38 (4) (1987) 288–297. 
[42] M.B. Miles, A.M. Huberman, M.A. Huberman, M. Huberman, Qualitative Data Analysis: an Expanded Sourcebook, sage, New York, 1994. 
[43] R.K. Yin, Case Study Research: Design and Methods, sage, 2009. 
[44] D.M. Blei, A.Y. Ng, M.I. Jordan, Latent dirichlet allocation, J. Mach. Learn. Res. 3 (2003) 993–1022. 
[45] J.A. Schumpeter, The Theory of Economic Development: an Inquiry into Profits, Capital, Credit, Interest, and the Business Cycle, Harvard University Press, 

Cambridge, 1934. 
[46] J.A. Schumpeter, Socialism, Capitalism and Democracy, 1942. 
[47] P.M. Romer, Endogenous technological change, J. Polit. Econ. 98 (5, Part 2) (1990) S71–S102. 
[48] C. Freeman, Technology, Policy, and Economic Performance: Lessons from Japan, Pinter Pub Ltd, 1987. 
[49] P. Aghion, P. Howitt, A model of growth through creative destruction, Econometrica 60 (2) (1992) 323–351. 
[50] N. Rosenberg, R. Nathan, Inside the Black Box: Technology and Economics, cambridge university press, 1982. 
[51] N. Rosenberg, R. Nathan, Exploring the Black Box: Technology, Economics, and History, Cambridge University Press, Cambridge, 1994. 
[52] Z. Griliches, Issues in assessing the contribution of research and development to, Bell J. Econ. 10 (1979) 92–116. 
[53] Z. Griliches, Patent statistics as economic indicators: a survey, J. Econ. Literat. 28 (December) (1990) 1661–1707. 
[54] F.M. Scherer, Firm size, market structure, opportunity, and the output of patented inventions, Am. Econ. Rev. 55 (5) (1965) 1097–1125. 
[55] R. Rothwell, C. Freeman, A. Horlsey, V.T.P. Jervis, A.B. Robertson, J. Townsend, SAPPHO updated - project SAPPHO phase II, Res. Pol. 3 (3) (1974) 258–291. 
[56] F. Damanpour, Organizational innovation: a meta-analysis of effects of determinants and moderators, Acad. Manag. J. 34 (3) (1991) 555–590. 
[57] J. Schot, R. Hoogma, B. Elzen, Strategies for shifting technological systems. The case of the automobile system, Futures 26 (10) (1994) 1060–1076. 
[58] C.E. Helfat, Evolutionary trajectories in petroleum firm R&D, Manag. Sci. 40 (12) (1994) 1720–1747. 
[59] J. Barney, Firm resources and sustained competitive advantage, J. Manag. 17 (1) (1991) 99–120. 
[60] Z.J. Acs, D.B. Audretsch, Innovation, market structure, and firm size, Rev. Econ. Stat. (1987) 567–574. 
[61] K. Pavitt, Sectoral patterns of technical change: towards a taxonomy and a theory, Res. Pol. 13 (6) (1984) 343–373. 
[62] B. Wernerfelt, A resource-based view of the firm, Strat. Manag. J. 5 (2) (1984) 171–180. 
[63] B. Kogut, U. Zander, Knowledge of the firm, combinative capabilities, and the replication of technology, Organ. Sci. 3 (3) (1992) 383–397. 
[64] K.J. Arrow, Economic Welfare and the Allocation of Resource for Inventions, the Rate and Direction of Inventive Activity: Economic and Social Factors, 

Palgrave, London, 1962, pp. 609–623. 
[65] A.H. Van De Ven, Central problems in the management of innovation, Manag. Sci. 32 (5) (1986) 590–607. 
[66] D.A. Levinthal, J.G. March, The myopia of learning, Strat. Manag. J. 14 (2 S) (1993) 95–112. 
[67] A.B. Jaffe, M. Trajtenberg, R. Henderson, Geographic localization of knowledge spillovers as evidenced by patent citations, Q. J. Econ. 108 (3) (1993) 

577–598. 
[68] D.C. Mowery, J.E. Oxley, B.S. Silverman, Strategic alliances and interfirm knowledge transfer, Strat. Manag. J. 17 (SUPPL. WINTER) (1996) 77–91. 
[69] I. Nonaka, H. Takeuchi, The knowledge-creating company, Harv. Bus. Rev. 85 (7/8) (1991) 162. 
[70] R.M. Grant, Toward a knowledge-based theory of the firm, Strat. Manag. J. 17 (S2) (1996) 109–122. 
[71] D.C. Mowery, The relationship between intrafirm and contractual forms of industrial research in American manufacturing, 1900-1940, Explor. Econ. Hist. 20 

(4) (1983) 351–374. 
[72] K.J. Arrow, The economic implications of learning by doing, Rev. Econ. Stud. 29 (3) (1962) 155–173. 
[73] R.M. Grant, Prospering in dynamically-competitive environments: organizational capability as knowledge integration, Organ. Sci. 7 (4) (1996) 375–387. 
[74] R. Katila, G. Ahuja, Something old, something new: a longitudinal study of search behavior and new product introduction, Acad. Manag. J. 45 (6) (2002) 

1183–1194. 
[75] S. Shane, Prior knowledge and the discovery of entrepreneurial opportunities, Organ. Sci. 11 (4) (2000) 448–469. 
[76] L. Fleming, O. Sorenson, Technology as a complex adaptive system: evidence from patent data, Res. Pol. 30 (7) (2001) 1019–1039. 
[77] A. Arora, A. Gambardella, Complementarity and external linkages: the strategies of the large firms in biotechnology, J. Ind. Econ. (1990) 361–379. 
[78] G. Hamel, Collaborate with your competitors and win, Harv. Bus. Rev. 67 (1989) 133–139. 
[79] J. Hagedoorn, Understanding the rationale of strategic technology partnering: nterorganizational modes of cooperation and sectoral differences, Strat. Manag. 

J. 14 (5) (1993) 371–385. 
[80] R. Gulati, Social structure and alliance formation patterns: a longitudinal analysis, Adm. Sci. Q. (1995) 619–652. 
[81] H. Chesbrough, Open innovation: a new paradigm for understanding industrial innovation, Open innov.: Res. new paradigm 400 (2006) 0–19. 
[82] R. Gulatir, Does familiarity breed trust? The implications of repeated ties for contractual choice in alliances, Acad. Manag. J. 38 (1) (1995) 85–112. 
[83] G. Hamel, Competition for competence and interpartner learning within international strategic alliances, Strat. Manag. J. 12 (1 S) (1991) 83–103. 
[84] F.T. Rothaermel, Complementary assets, strategic alliances, and the incumbent’s advantage: an empirical study of industry and firm effects in the 

biopharmaceutical industry, Res. Pol. 30 (8) (2001) 1235–1251. 
[85] T.E. Stuart, J.M. Podolny, Local search and the evolution of technological capabilities, Strat. Manag. J. 17 (S1) (1996) 21–38. 
[86] K. Laursen, A. Salter, Open for innovation: the role of openness in explaining innovation performance among U.K. manufacturing firms, Strat. Manag. J. 27 (2) 

(2006) 131–150. 
[87] W.W. Powell, K.W. Koput, L. Smith-Doerr, Interorganizational collaboration and the locus of innovation: networks of learning in biotechnology, Adm. Sci. Q. 

41 (1) (1996) 116–145. 
[88] G. Ahuja, Collaboration networks, structural holes, and innovation: a longitudinal study, Adm. Sci. Q. 45 (3) (2000) 425–455. 
[89] G.S. Day, The capabilities of market-driven organizations, J. Market. 58 (4) (1994) 37–52. 
[90] D.J. Teece, G. Pisano, A. Shuen, Dynamic capabilities and strategic management, Strat. Manag. J. 18 (7) (1997) 509–533. 
[91] W.M. Cohen, D.A. Levinthal, Absorptive capacity: a new perspective on learning and innovation, Adm. Sci. Q. 35 (1) (1990) 128–152. 
[92] P.J. Lane, M. Lubatkin, Relative absorptive capacity and interorganizational learning, Strat. Manag. J. 19 (5) (1998) 461–477. 
[93] C.K. Prahalad, G. Hamel, The core competence of the corporation, Harv. Bus. Rev. 68 (3) (1990) 79–91. 
[94] R. Garud, P.R. Nayyar, Transformative capacity: continual structuring by intertemporal technology transfer, Strat. Manag. J. 15 (5) (1994) 365–385. 
[95] J.M. Utterback, W.J. Abernathy, A dynamic model of process and product innovation, Omega 3 (6) (1975) 639–656. 

X. Wei et al.                                                                                                                                                                                                            

http://refhub.elsevier.com/S2405-8440(23)03986-5/sref31
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref31
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref32
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref33
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref34
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref34
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref35
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref35
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref36
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref37
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref37
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref38
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref38
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref39
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref40
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref41
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref42
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref43
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref44
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref45
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref45
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref46
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref47
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref48
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref49
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref50
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref51
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref52
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref53
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref54
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref55
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref56
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref57
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref58
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref59
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref60
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref61
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref62
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref63
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref64
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref64
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref65
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref66
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref67
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref67
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref68
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref69
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref70
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref71
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref71
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref72
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref73
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref74
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref74
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref75
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref76
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref77
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref78
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref79
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref79
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref80
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref81
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref82
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref83
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref84
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref84
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref85
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref86
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref86
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref87
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref87
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref88
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref89
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref90
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref91
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref92
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref93
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref94
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref95


Heliyon 9 (2023) e16779

16

[96] W.J. Abernathy, J.M. Utterback, Patterns of industrial innovation, Technol. Rev. 80 (7) (1978) 40–47. 
[97] R.L. Daft, A dual-core model of organizational innovation, Acad. Manag. J. 21 (2) (1978) 193–210. 
[98] R.M. Henderson, K.B. Clark, Architectural innovation: the reconfiguration of existing product technologies and the failure of established firms, Adm. Sci. Q. 35 

(1) (1990) 9–30. 
[99] J.G. March, Exploration and exploitation in organizational learning, Organ. Sci. 2 (1) (1991) 71–87. 

[100] C. Christenson, The Innovator’s Dilemma, Harvard Business School Press, Cambridge, 1997. 
[101] M.L. Tushman, P. Anderson, Technological discontinuities and organizational environments, Adm. Sci. Q. (1986) 439–465. 
[102] E. Danneels, E.J. Kleinschmidtb, Product innovativeness from the firm’s perspective: its dimensions and their relation with project selection and performance, 

J. Prod. Innovat. Manag.: An Int. Public. Product Dev. Manag. Assoc. 18 (6) (2001) 357–373. 
[103] J.E. Ettlie, W.P. Bridges, R.D. O’Keefe, Organization strategy and structural differences for radical versus incremental innovation, Manag. Sci. 30 (6) (1984) 

682–695. 
[104] K.B. Clark, The interaction of design hierarchies and market concepts in technological evolution, Res. Pol. 14 (5) (1985) 235–251. 
[105] R.R. Nelson, National Innovation Systems: A Comparative Study, Oxford University Press, Oxford, 1993. 
[106] B.-A. Lundvall, National Systems of Innovation: towards a Theory of Innovation and Interactive Learning, Pinter Publishers, London, 1992. 
[107] B. Carlsson, R. Stankiewicz, On the nature, function and composition of technological systems, J. Evol. Econ. 1 (2) (1991) 93–118. 
[108] F. Malerba, Sectoral systems of innovation and production, Res. Pol. 31 (2) (2002) 247–264. 
[109] J. Markard, B. Truffer, Technological innovation systems and the multi-level perspective: towards an integrated framework, Res. Pol. 37 (4) (2008) 596–615. 
[110] M.E. Porter, The competitive advantage of nations, Harv. Bus. Rev. 68 (2) (1990) 73–93. 
[111] R. Kemp, J. Schot, R. Hoogma, Regime shifts to sustainability through processes of niche formation: the approach of strategic niche management, Technol. 

Anal. Strateg. Manag. 10 (2) (1998) 175–198. 
[112] F.W. Geels, Technological transitions as evolutionary reconfiguration processes: a multi-level perspective and a case-study, Res. Pol. 31 (8–9) (2002) 

1257–1274. 
[113] S. Jacobsson, V. Lauber, The politics and policy of energy system transformation - explaining the German diffusion of renewable energy technology, Energy 

Pol. 34 (3) (2006) 256–276. 
[114] A. Smith, A. Stirling, F. Berkhout, The governance of sustainable socio-technical transitions, Res. Pol. 34 (10) (2005) 1491–1510. 
[115] R.R. Nelson, S.G. Winter, An Evolutionary Theory of Economic Change, Belknap Press, Cambridge, 1982. 
[116] G. Dosi, Technological paradigms and technological trajectories. A suggested interpretation of the determinants and directions of technical change, Res. Pol. 11 

(3) (1982) 147–162. 
[117] B.H. Hall, Z. Griliches, J.A. Hausman, Patents and R&D: Is There a Lag? National Bureau of Economic Research, 1984. 
[118] M.P. Hekkert, R.A.A. Suurs, S.O. Negro, S. Kuhlmann, R.E.H.M. Smits, Functions of innovation systems: a new approach for analysing technological change, 

Technol. Forecast. Soc. Change 74 (4) (2007) 413–432. 
[119] L. Coenen, B. Truffer, Places and spaces of sustainability transitions: geographical contributions to an emerging research and policy field, Eur. Plann. Stud. 20 

(3) (2012) 367–374. 
[120] D. Popp, Pollution control innovations and the clean air act of 1990, J. Pol. Anal. Manag. 22 (4) (2003) 641–660. 
[121] A. Bergek, S. Jacobsson, B. Carlsson, S. Lindmark, A. Rickne, Analyzing the functional dynamics of technological innovation systems: a scheme of analysis, Res. 

Pol. 37 (3) (2008) 407–429. 
[122] S. Jacobsson, A. Bergek, Transforming the energy sector: the evolution of technological systems in renewable energy technology, Ind. Corp. Change 13 (5) 

(2004) 815–849. 
[123] S.O. Negro, M.P. Hekkert, R.E.H.M. Smits, Stimulating renewable energy technologies by innovation policy, Sci. Publ. Pol. 35 (6) (2008) 403–416. 
[124] D. Popp, Innovation in climate policy models: implementing lessons from the economics of R&D, Energy Econ. 28 (5–6) (2006) 596–609. 
[125] F. Kern, A. Smith, Restructuring energy systems for sustainability? Energy transition policy in The Netherlands, Energy Pol. 36 (11) (2008) 4093–4103. 
[126] W. Chen, C. Lin, C. Li, L. Kong, Z. Yang, Tracing the Evolution of 3-D Printing Technology in China Using LDA-Based Patent Abstract Mining, IEEE Transactions 

on Engineering Management, 2020. 
[127] M.J. Loux, W. Loux, Substance and Attribute: A Study in Ontology, Springer Science & Business Media, 1978. 
[128] B.K. Sovacool, D.J. Hess, R. Cantoni, Energy transitions from the cradle to the grave: a meta-theoretical framework integrating responsible innovation, social 

practices, and energy justice, Energy Res. Social Sci. 75 (2021) 16. 
[129] N. Jabko, S. Schmidt, Paradigms and practice, Int. Stud. Q. 65 (3) (2021) 565–572. 
[130] W.F. Overton, A new paradigm for developmental science: Relationism and relational-developmental systems, Appl. Dev. Sci. 17 (2) (2013) 94–107. 
[131] S. Houston, Meta-theoretical paradigms underpinning risk in child welfare: towards a position of methodological pragmatism, Child. Youth Serv. Rev. 47 

(2014) 55–60. 
[132] T.F. Sigahi, L.I. Sznelwar, Which complexity? A review of typologies and a framework proposal for characterizing complexity-based approaches, Kybernetes 52 

(Earlycite) (2023) 1507. 
[133] A.S. de Rosa, L. Arhiri, The anthropological and ethnographic approaches to social representations theory–an empirical meta-theoretical analysis, Integr. 

Psychol. Behav. Sci. (2020) 1–26. 
[134] D.W. Allen, C. Berg, B. Markey-Towler, M. Novak, J. Potts, Blockchain and the evolution of institutional technologies: implications for innovation policy, Res. 

Pol. 49 (1) (2020), 103865. 
[135] M.S. Granovetter, The strength of weak ties, Am. J. Sociol. 78 (6) (1973) 1360–1380. 
[136] R.S. Burt, Structural Holes: the Social Structure of Competition, Harvard university press, Cambridge, 1992. 
[137] K.-N. Kang, H. Park, Influence of government R&D support and inter-firm collaborations on innovation in Korean biotechnology SMEs, Technovation 32 (1) 

(2012) 68–78. 
[138] A.D. Andersen, K. Frenken, V. Galaz, F. Kern, L. Klerkx, M. Mouthaan, L. Piscicelli, J.B. Schor, T. Vaskelainen, On digitalization and sustainability transitions, 

Environ. Innov. Soc. Transit. 41 (2021) 96–98. 

X. Wei et al.                                                                                                                                                                                                            

http://refhub.elsevier.com/S2405-8440(23)03986-5/sref96
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref97
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref98
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref98
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref99
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref100
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref101
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref102
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref102
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref103
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref103
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref104
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref105
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref106
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref107
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref108
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref109
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref110
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref111
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref111
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref112
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref112
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref113
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref113
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref114
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref115
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref116
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref116
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref117
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref118
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref118
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref119
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref119
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref120
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref121
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref121
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref122
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref122
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref123
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref124
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref125
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref126
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref126
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref127
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref128
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref128
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref129
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref130
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref131
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref131
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref132
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref132
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref133
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref133
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref134
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref134
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref135
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref136
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref137
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref137
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref138
http://refhub.elsevier.com/S2405-8440(23)03986-5/sref138

	Meta theories of technological innovation based on the analysis of classic texts
	1 Introduction
	2 Literature review
	2.1 The centrality of the classic texts in social science
	2.2 Meta-theoretical studies of technological innovation

	3 Research design
	4 Results
	4.1 Identification of core scholars in technological innovation studies
	4.2 Classification of meta-theories based on classic texts
	4.3 Robustness analysis of the meta-theories classification
	4.4 Description of technological innovation meta-theories
	4.4.1 X-factor-based views
	4.4.2 Dual-innovation view
	4.4.3 Technological-innovation-system view
	4.4.4 Dynamic-sustainable view


	5 Discussion
	5.1 The evolution, reification, and confusion between the meta-theories
	5.2 The reason for the typology jungle of technological innovation
	5.3 An integrated framework of technological innovation meta-theories
	5.4 How the mate-theories analysis beneficial to the future research

	6 Conclusions and implications
	6.1 Conclusions
	6.2 Theoretical implications and future research suggestions
	6.2.1 The evaluation of innovation and its related factors
	6.2.2 Unearthing new technological innovation theories
	6.2.3 Investigating sustainable technological change

	6.3 Practical implications

	7 Limitations
	Declaration of competing interest
	Acknowledgements
	References


