

  systems-12-00130




systems-12-00130







Systems 2024, 12(4), 130; doi:10.3390/systems12040130




Article



A Meta-Analysis of Innovation Management in Scientific Research: Unveiling the Frontier



Denis Juracka 1, Marek Nagy 1, Katarina Valaskova 1,* and Elvira Nica 2





1



Faculty of Operation and Economics of Transport and Communications, University of Zilina, Univerzitna 1, 010 26 Zilina, Slovakia






2



Department of Administration and Public Management, The Bucharest University of Economic Studies, 010371 Bucharest, Romania









*



Correspondence: katarina.valaskova@uniza.sk







Citation: Juracka, D.; Nagy, M.; Valaskova, K.; Nica, E. A Meta-Analysis of Innovation Management in Scientific Research: Unveiling the Frontier. Systems 2024, 12, 130. https://doi.org/10.3390/systems12040130



Academic Editors: Wen-Hsiang Lai and Sheng-Tung Chen



Received: 28 February 2024 / Revised: 5 April 2024 / Accepted: 8 April 2024 / Published: 9 April 2024



Abstract

:

Innovation is a critical element in numerous domains, especially when it comes to determining the course of business success via efficient innovation management systems. The objective of this study is to determine which innovation category has the greatest impact on the effectiveness of innovation management by analyzing the correlation of innovation and its associated activities on the innovation performance of companies. This study synthesizes empirical research findings regarding the relationship between management and innovation performance through the utilization of meta-analysis. In recent decades, meta-analysis has gained significant prominence as a method to improve the precision of results by integrating multiple studies into a comprehensive analysis. Systematic reviews and meta-analyses enhance the credibility of research outcomes due to their status as the most dependable forms of evidence. A noteworthy correlation is observed between innovation performance and innovation categories, with small and medium-sized enterprises (SMEs) exhibiting the strongest correlation. Significantly, organizational innovations demonstrate the strongest correlation coefficient, indicating that they have the greatest impact on innovation performance. This research highlights the significance of innovation management in effectively addressing enterprise challenges and promoting business success. It specifically emphasizes the critical role that organizational innovations play in facilitating innovation performance.
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1. Introduction


Entrepreneurship and innovation in the current digital age are defined as the application of digital technology to traditional business models [1,2]. Innovation is the systematic progression of developing and showcasing original concepts, ideas, products, services, technologies, or methodologies, all with the intention of propelling innovation forward in a specific domain encompassing the economy, society, or daily life. Innovation is applicable in a wide range of formats and contexts [3]. Effective management of fundamental internal processes is critical for achieving success, as it enables organizations to improve critical performance indicators such as cost, quality, and consumer focus [4]. Over time, technological progress and globalization have created a highly competitive business environment that compels organizations to consistently introduce new products and services. This dynamic has presented numerous opportunities and challenges for organizations [5]. The business environment exerts a significant influence on the economies and enterprises of all nations. Management of innovation (also referred to as innovation management) can be delayed by a variety of internal and external factors. Among them is the COVID-19 pandemic. As a consequence of production constraints, the outcome of overseeing the majority of business entities and their added value was naturally affected. Frequently, enterprises were compelled to curtail expenditures and staff sizes as a result of insufficient financial resources [6,7]. Given that innovation is fundamental to global markets and serves as the bedrock for economic advancement, it is imperative for agile organizations to prioritize it to sustain their organizational performance and competitive advantage [8]. It is widely acknowledged that innovations significantly contribute to economic expansion and exert an impact on the performance and competitive standing of organizations. Consequently, corporate executives, state administrations, and the European Union are currently preoccupied with innovation. Procedures that standardize the development and introduction to the market of novel products, services, and concepts are referred to as “innovation management” [9]. Innovation can be implemented in an extensive variety of contexts and methods. Whether it be a novel market strategy, process, product, technology, or approach to problem solving, innovation is always something fresh [3]. As a phenomenon, businesses are utilizing digital transformation to increase the efficiency of their operations. Adhering to this approach is of utmost importance for enterprises, individuals, policymakers, and other organizations [10]. The integration of artificial intelligence (AI) into the innovation processes of businesses is becoming an ever more imperative endeavor [11]. Production must be sufficiently adaptable in response to globalization, which enhances data-driven competitiveness, to satisfy market demands. This objective could potentially be realized through the integration of Industry 4.0 technologies and autonomous production systems into the value chains and product design procedures of organizations [12]. Digitalization has become widely recognized as a critical determinant in the expansion of national economies, as a consequence of all preceding development processes, which have reinforced integration and internationalization, expanded interdependence and transnationality, and promoted international specialization and cooperation. Recent scientific and technological advancements have intensified this inclination to the extent that its complete implementation necessitates the establishment of a novel economic framework [13]. Innovations generate solutions to a variety of social and environmental problems, increase living standards, and foster the creation of new employment. It is imperative for the advancement and progress of societies and economies [14]. Numerous scholars have noted that for an extended period, the predominant emphasis has been on advancements in products or technologies [15,16]. A significant obstacle for innovative organizations is deciding whether to acquire the necessary technological advancements for product innovation through internal research and development (R&D), external knowledge acquisition, or a hybrid approach [17,18]. Future economies will be knowledge-based, and the competitiveness of employers will be determined by the expertise and knowledge of their personnel. Due to this rationale, the value of knowledge surpasses that of property, money, and labor [19]. A concept with intricate semantics, knowledge has been the subject of numerous interpretations throughout human history. The emergence of the knowledge economy and knowledge management transformed knowledge into a strategic asset for corporations; however, its definition is distinct from that of business philosophy [20]. In the present day, it is widely acknowledged that the survival and success of an organization, especially one that is knowledge-based, are contingent upon its capacity for creativity, innovation, and ingenuity. Consequently, the concept of innovativeness, which Garcia and Calantone [21] define as the ability to generate, adapt, and implement novel ideas, extends beyond technological innovation (specifically, process and product innovation) to include organizational and management innovation, which is progressively gaining prominence.



The aim of this paper is to ascertain, through the application of systematic review and meta-analysis techniques, the relationship between management of innovation in the form of selected innovation categories (product/eco/organizational innovations) and corporate innovation performance which plays an important role in the development of small and medium-sized enterprises. It consists primarily of an evaluation of the influence that various internal characteristics have on the innovation performance of companies. It may pertain to the scale of enterprises or their level of operation. Considering the aforementioned information, the subsequent research inquiries were formulated:




	(1)

	
Does the successful implementation and integration of innovative initiatives yield a favorable impact on the operational outcomes of businesses?




	(2)

	
Are the results of scientific studies that quantify the correlations of innovation and the implementation of innovation management in organizations identical, or do they diverge in a fundamental way?









This paper is structured in the subsequent manner. The introduction defines innovation’s significance within the context of business. The literature review section explains and provides a comprehensive synopsis of the significance of innovation, particularly in the context of the globalized world of today. Furthermore, this segment elucidates the significance of allocating resources towards research and development in relation to the proficient administration of innovation processes. The methodology section delineates the essential steps that must be undertaken and considered in order to accurately execute the statistical technique of meta-analysis. The findings of the investigation are elaborated upon in the results section. In the discussion section, a comparison is made between the conducted meta-analysis and other meta-analyses that have examined a comparable issue. The conclusion provides an overview of significant discoveries, as well as forthcoming obstacles and constraints that have a direct bearing on the research.




2. Literature Review


The process of innovation management is intricate and necessitates comprehensive development and mapping within organizations. An alternative perspective should be adopted when comparing innovations between service-providing and product-producing organizations. Nonetheless, the requirement and necessity to implement mechanisms that facilitate the efficient and seamless introduction of innovations persist as a unifying characteristic. It is imperative to recognize that a multitude of varieties of innovation exist. The introduction or commercialization of a novel or enhanced product or service that distinguishes itself from existing offerings is a critical instance of innovation [22]. Research and development (R&D) expenditures are indispensable to the sustained prosperity of organizations [23]. Investments in R&D are critical components of an organization’s innovation strategy in the current landscape of intense competition. In the current intensely competitive global market, many businesses must make profitable investments in research and development to endure and thrive. The establishment of climate transitions and the development of sustainable innovations are frequently attributed to R&D [24]. Nevertheless, investing in R&D is typically a high-risk endeavor that yields a lengthy period of return. Proficient human resources are considered an indispensable asset and a critical success factor for organizations operating in a technologically advanced, knowledge-driven, and intensely competitive business landscape [25]. At present, the worldwide economy is confronted with novel obstacles stemming from the shift towards an economy predicated on knowledge. As the knowledge economy gains traction, organizations are anticipated to develop greater flexibility, decentralization, and autonomy [26,27]. For asset creation, wealth maximization, and economic development, knowledge-based economies rely less on traditional resources such as capital, labor, and land. Over the past two decades, the global economy has been striving to transition into a knowledge-based economy. Despite its frequent usage, the term “knowledge economy” lacks a universally accepted definition. Knowledge-based economies are, in fact, those in which the generation, dissemination, and application of information and knowledge predominate. In a knowledge-based economy, where the generation of wealth is predominantly reliant on the dissemination and production of knowledge, the aim is to promote the efficient implementation of knowledge across all sectors of the economy [28].



Broadly speaking, a government may employ political and financial assistance to foster innovation and development via a variety of formal institutions. The author of one of the earliest studies to establish a correlation between innovation and institutional quality, Freeman [29], has provided evidence for the importance of institutional quality in the technology development and dissemination process. Considering the regulatory framework’s influence on innovation, regulation engenders two discernible outcomes regarding innovation. Similar to tax payment, adherence to regulations reduces the financial resources allocated for research and development [30]. Regulations have an impact on the incentive that companies must invest in R&D. In this context, a regulatory framework such as patent protection may incentivize a company to invest in research and development [31]. Conversely, alternative strategies including price controls and product market regulations may hinder the profitability of creative endeavors for businesses. In the realm of innovation management, knowledge sharing management is an additional critical element that impacts the overall success of groups. A primary objective of knowledge management is to exert a methodical impact on the dissemination and implementation of knowledge to generate value. Activities associated with knowledge management consist of the following: acquiring, encoding, storing, transferring, applying, and sharing knowledge [32]. Consequently, information sharing is vital to the structures and processes that ensure the effective utilization of available knowledge resources in order to improve performance, similar to Mehmood et al. [33]. It assists organizations in becoming more innovative, strategic, and marketable. Consequently, the exchange of employee knowledge is vital for sustaining a competitive advantage.



Systematic reviews differ significantly from other types of literature evaluations in several significant ways. A systematic review, as defined by Piggott and Polanin [34], is a qualitative synthesis and analysis of numerous independent studies that investigate a specific domain. An explicit and replicable methodology is required, which should detail the criteria used to select studies and the grounds for their acceptance or rejection. In addition to synthesizing the findings of these inquiries, an evaluation and quality assessment phase should be incorporated. The systematic review methodology, initially implemented in medical and healthcare research, has since been adopted by numerous disciplines, such as engineering, education, economics, and business studies [35]. Meta-analysis is the primary research procedure utilized in this investigation. Meta-analysis (MA) is a scientific approach that analyses data from numerous independent studies in a collective and quantitative manner. The objective is to identify and quantify prevalent trends or to determine the reasons behind the divergent conclusions of theses. MA is a complex method, and programs such as IBM SPSS statistical v.26 software are utilized for their quantification and graphical representation. However, other suitable programs include Comprehensive Meta-Analysis Software (CMA) V2, Stata 16, Meta-Essentials Version 1.5, OpenMeta [Analyst] 12.11.14, all of which can provide and precisely quantify the results of an MA. A systematic review employs meta-analysis, which is a compilation of statistical techniques used to merge the results of multiple studies. In this type of review, a quantitative summary of study outcomes is the primary focus of the research [36]. Since its inception by Gene Glass in 1976, the term MA has been derived from the Greek words meta, signifying “after,” and analysis, signifying “description or interpretation.” To facilitate the integration of findings, statistical analysis is employed on the results collected from primary or individual investigations [37]. When executed properly, MA will yield significantly more precise and unbiased data compared to analyzing individual studies, decrease the frequency of false negative outcomes, elucidate the factors contributing to divergent conclusions in certain works, and enable the testing of hypotheses. An extended preparation period is one of the drawbacks associated with meta-analyses [38].



Systematic reviews, which build upon the traditional literature review, meticulously scrutinize and amalgamate prior investigations employing the same rigorous criteria and analytical approach that govern primary research. As their name suggests, they employ a systematic methodology and, in contrast to the traditional literature review, uncover, evaluate, and synthesize the findings of pertinent studies using precise, rigorous techniques. Upon the completion of the review, an adequate amount of data ought to be accessible for the evaluation of the review’s quality [39]. In the report on the systematic review, the subject matter and a description of the methodologies utilized throughout the search, critical evaluation, data abstraction, and data synthesis phases should be detailed. The emphasis of the review is indicated by the description of the review questions and the criteria for inclusion. It is imperative to document the complete search strategy, encompassing the databases that were explicitly targeted, the search terms employed, and the procedures that were adhered to. Further information is needed concerning the methodologies employed for data synthesis and summarization, in addition to the standards used to assess the quality of the study. For practical implications to be evaluated, a comprehensive summary of the review’s findings is also required. Sifting through the vast quantity of published research, the considerable variation in its quality, and the intricate nature of the discipline collectively contribute to the difficulty in ascertaining the most reliable evidence [40].




3. Materials and Methods


During the systematic review analysis, a three-stage approach proposed by Tranfield et al. [41] and Kitchenham [42] was implemented. These crucial aspects are incorporated into a systematic review of the literature, which is followed by the application of the meta-analysis technique. Preparation, execution, and reporting comprise the phases. A review process was developed in accordance with the study’s objectives (Table 1), and a study strategy was formulated for the review in the planning phase. Throughout the implementation phase, information was selected and evaluated from the selected research, search terms were established, data sources were identified, and criteria for selecting studies were established.



The data utilized in the study were acquired from the Web of Science, the most essential index in academic publishing. The time horizon was limited to 2010 to 2023, when this research issue started to be important for academic and business practice. The greatest interest in the topic of innovation started in 2015, which is also considered the breaking point in this research topic, as there was a sharp increase and interest in the topic of innovation management and the need to effectively introduce innovations in companies. This is the reason why the articles were divided into the period before 2015 and after 2015 (including). It is crucial to maintain accurate records of the literature search so that the individual stages of identifying relevant studies can be traced back (and refined or verified). The PRISMA diagram, in which the author of the meta-analysis describes verbally and numerically the search’s specifics, is frequently employed for this purpose [43]. It is recommended to utilize the PRISMA flow diagram to visually depict the progression of studies as they undergo the different phases of a systematic review [44]. The identification of pertinent studies is critical for ensuring the credibility of meta-analysis research, as it serves as the bedrock for drawing comprehensive and pertinent conclusions. An extensive keyword search of the literature was conducted using a Web of Science database. The following terms were among those authors researched: “effects of innovation performance”; “effects of innovations”; “effects of innovation management”. Additionally, a comprehensive search was conducted by hand in the primary scholarly journals pertaining to innovation management, including articles with titles and abstracts [45,46,47,48].



To achieve the main aim of the paper, both systematic review and meta-analysis were used, as the systematic review of the studies is a part of the meta-analysis. Systematic review is a qualitative synthesis and analysis of numerous independent studies. An explicit and replicable methodology is required, which should detail the criteria used to select studies and the grounds for their acceptance or rejection. The systematic review and the individual steps that must be followed are shown in the Table 1. Meta-analysis is a scientific approach that analyzes data from numerous independent studies in a collective and quantitative manner. The aim of meta-analysis is not to quantify the basic and primary correlation coefficients. An important part of this method involves computing an effect size across all of the studies; this involves extracting effect sizes and variance measures from various studies. Thus, these data are already in the studies, and we just took them into our analysis and investigated them further. To facilitate the integration of findings, statistical analysis is employed on the results collected from primary or individual investigations. In secondary analysis, the researcher obtains and reanalyzes the original data on which an earlier study was based. Meta-analysis is the quantitative accumulation and analysis of effect sizes and other descriptive statistics across studies. It does not require access to the original study data. Moreover, the publication by Hunter and Schmidt [48] points to the basic fact that there is a strong emphasis on effect sizes rather than significance levels. The purpose of research integration is more descriptive than inferential, and the most important descriptive statistics are those that indicate most clearly the magnitude of effects. Meta-analysis typically employs estimates of the Pearson correlation coefficient. Based on this knowledge, we therefore performed a meta-analysis in such a way that we first comprehensively read all the studies (excluded and included), selected those studies that clearly described their results, and expressed the Pearson correlation coefficient. When executed properly, MA will yield significantly more precise and unbiased data compared to analyzing individual studies, decrease the frequency of false negative outcomes, elucidate the factors contributing to divergent conclusions in certain works, and enable the testing of hypotheses.



The methodological procedure is summarized in the following points for a more detailed illustration:




	
The first step of the analysis is the collection of data and resources. It consists of entering keywords into the Web of Science scientific database. The entered keywords are the following: innovation performance effects; innovation effects; effects of innovation management.



	
The entered terms are crucial to perform the meta-analysis, as they may contain quantitative data, especially the correlation coefficient. A graphical representation of the studies’ selection was made, which is shown in Figure 1, based on the PRISMA diagram.



	
After entering the keywords, it is necessary to comprehensively read the total number of articles (537 scientific articles in the Web of Science database). After reading and selecting the studies devoted to innovation performance and innovation effects, 20 studies were found to contain relevant quantitative data correlation coefficients. The types of innovations discussed in the studies are noted, as well as the sample size of enterprises involved in the study (Table 2).



	
Subsequently, the correlation coefficients from selected individual studies were transcribed (Table 3). Correlation coefficients were directly determined from these studies.



	
Before establishing the hypotheses, it is necessary to divide individual types of innovation and determine the dependent variable, distinguished variables, subgroup control, and moderator variables; the relationship between these variables and the hypotheses is shown in Figure 2.



	
Subsequently, the name of the study, the year of publication, and the correlation coefficients are entered into the statistical software Comprehensive Meta-Analysis (CMA) V2. N in Table 4 counts the total number of enterprises included in all studies, and it is also divided into individual innovation types; k is for the number of papers devoted to the research issue.



	
Based on the information inserted into the CMA software V2, the Pearson correlation coefficients are computed (Table 4), and further, they are transformed into Fisher’s Z values, which stabilize the variance and produce more accurate estimates. These outputs are used to calculate z-values and p-values as well as confidence intervals (Table 5). Then, the distribution of the true correlation effects can be portrayed graphically and numerically (Figure 3).



	
After all the calculations, basic methods using the principles of meta-analysis are performed: a funnel plot (which is a graph designed to check the existence of publication bias; Figure 4) and a forest plot (where each line in the graphical display represents a study; Figure 5).



	
Heterogeneities within the entire set of all studies were examined (Table 6). Part of the meta-analysis is the analysis of subgroups and the subsequent verification of established statistical hypotheses (Table 7).








Authors incorporated empirical studies published in peer-reviewed journals due to the expectation that such studies will present validated findings and possess the greatest influence within the discipline. This research focus is on empirical data pertaining to management innovation. Therefore, the following studies were excluded: those written in languages other than English, those that were book chapters, opinions, unpublished full-text publications, and scientific journal articles lacking quantitative data that could be converted into Pearson’s correlation coefficients. In accordance with the research conducted by Hunter and Schmidt [48], we formulated the subsequent inclusion criteria to ascertain that the samples comprise the requisite data for analysis. An essential research inquiry for each study must at the outset be the correlation between the innovation performance of organizations and the categories of innovations that effect innovation management or are affected by it. The Pearson’s correlation coefficient between the variables of interest must be reported for each study. For each study to be valid, the research sample must be independent. Additionally, every study should operate in isolation from one another. The search parameters enable the identification of 537 studies that satisfy the specified criteria on the Web of Science (Figure 1). By employing the predetermined criteria for inclusion and exclusion, pertinent research was identified after the retrieval of all papers from the databases. Following the removal of duplicate publications, papers bearing identical titles were likewise excluded. Using the procedure, the ultimate number of studies was reduced to 20 after each research article was thoroughly read.



Each of the selected studies included data collection from businesses or their employees, and these studies examined the impact of different types of innovation. After selection and consideration of relevant studies, the number of enterprises and the type of innovations that the given studies examined were shown. We then added up these quantitative data according to the type of innovation. Subsequently, using the Comprehensive Meta-Analysis V2 program, the calculations necessary for a proper meta-analysis were performed.



Dependent variable: Innovation performance.



Innovation performance refers to the comprehensive evaluation of a company’s endeavors and outcomes concerning the development of its products or services, processes, or leadership [49,50]. Metrics that have a substantial effect on innovation performance include the development of new products or services, sales revenue generated from said products or services, the quantity of patents awarded for novel inventions, the utilization of novel tools or equipment, and the implementation of novel work organizations and management techniques. These metrics encompass many indicators related to management innovation, process innovation, and product or service innovation [51,52]. The assessment of corporate innovation performance is critical to improve the value and decision making procedures of organizations.



Distinguishing variables: Management of innovations (varieties of innovations).



Various categories of innovations exist, each of which is representative of the sector in which a business operates and expands its operations. Technological innovations comprise the most significant ones, followed by product innovations, process innovations, and service innovations. Nevertheless, in the current era, eco-innovations, organizational innovations, and innovations that have a more targeted effect on the operations of the company are also of significant importance [53]. The invention or acceptance of a concept or practice that is novel to an organization is referred to as an organizational innovation. Organizational innovation prioritizes knowledge-based concepts and transformative behaviour. The most prevalent form of innovation is product innovation. A product that is introduced to potential consumers is considered novel or substantially modified, either regarding its intended functions or characteristics [54]. Service innovation includes the provision of healthcare, education, information and knowledge-based services, and transportation and logistics. Service innovation can serve as a viable strategy for a business to establish and maintain a competitive edge over time. Because services are predominantly intangible or knowledge-based goods, conceptualizations of innovations that depart from product-based definitions can enrich a discourse on service innovation [55]. Technological innovation refers to the advancement of new products through technological means [56]. It encompasses both technological products and processes. Process innovation is a critical performance determinant. Equipment or production modifications may be required for the implementation of new or substantially enhanced production methods and techniques [53]. Circular economy and associated eco-innovations are hotly debated subjects now. Eco-innovation is the commercial application of knowledge to develop products and processes that contribute to sustainable development by offering direct or indirect ecological benefits [57].



Authors, therefore, put forth the subsequent hypotheses:

H1: 

Management of innovation in the form of selected innovation categories (product innovation/eco innovation/organizational innovation) is positively correlated with companies’ innovation performance.





H1a: 

Product innovation is positively correlated with companies’ innovation performance.





H1b: 

Eco innovation is positively correlated with companies’ innovation performance.





H1c: 

Organizational innovation is positively correlated with companies’ innovation performance.







Additionally, the subgroups of the hypotheses were developed to discover additional significant findings that could corroborate or contradict authors own. Therefore, authors subsequently formulated further hypotheses.



H2a: 

The relationship between innovation management and companies’ innovation performance is statistically significant for SMEs companies.





H2b: 

The relationship between innovation management and companies’ innovation performance is statistically significant for scientific studies published after (or including) 2015.





Control and moderator subgroup variables:



A moderator variable is a term used to describe a factor that is believed to regulate or diminish the extent to which an independent variable influences a dependent variable [58,59]. This study also incorporates several subgroup variables that could potentially influence the observed association. MA, being a sophisticated approach, incorporates these variables and affords the chance to examine relationships that might have evaded detection in the original studies. In addition, the samples were subdivided into subdivisions, which were then classified according to their size to distinguish between small and medium-sized enterprises (SMEs) and large corporations. The differentiation between small and medium-sized enterprises (SMEs), large businesses, or a hybrid of the two, is established by applying the OECD 250 employee criterion [60]. Small and medium-sized enterprises (SMEs) have a substantial impact on the economies of every nation [61]. Authors subsequently concentrated on the year of publication for the studies, qualitatively conveyed the publication year in accordance with the article’s publication year and designated them as follows: prior to 2015 and after (including) 2015 as the publication year (Figure 2).



A crucial component of the investigation is the forest tract, the notion of weighting corresponds to the significance of the research findings. In general, studies are assigned weights based on the inverse of their variance. It is critical to acknowledge that smaller studies typically make a lesser contribution to the aggregate correlation estimates [62]. Weights and percentages of studies in the MA indicate the contribution of each study to the overall summary results; this is especially important when some studies are considered outliers or have a high potential for bias. Individual weights denote that each study is of equal relevance. The outcomes of this analysis are thus not distorted. The findings of MA are effectively represented graphically via forest plots [63]. Although the concept of forest plots has been in use since the 1970s, the term “forest plot” was not introduced until 2001) [64]. Furthermore, it serves as a tool for generating and examining the heterogeneity of the study outcomes’ plot. Due to the fact that it provides a swift visual representation of study heterogeneity and overall estimates, the forest plot is considered a highly effective instrument in MA [65]. Each line represents research in the forest sites. The correlation magnitude, represented as the midpoint of the box, is a point estimate of the correlation and its area is directly proportional to the study’s weight. The contributions of individual investigations to the aggregated results vary. Generally, research studies with a greater N yield more substantial information and are consequently assigned more significance. Below the studies is a diamond representing the total aggregated correlation effect from the included research.



In the context of MA, the utilization of a funnel plot to supplement the analysis is appropriate. Rosenthal [66] proposed that instead of speculating on the correlation of the missing studies, the number of studies necessary to nullify the correlation could be calculated. Given the relatively modest magnitude of this number, legitimate concerns do arise. Nonetheless, a substantial value of this parameter signifies that the correlation, although potentially inflated due to the omission of certain studies, is not null. The ‘File-drawer’ analysis was proposed by Rosenthal [66], with the absent studies being postulated to be located in file drawers. The concept of ‘Fail-Safe N’ was introduced by Cooper [67] to denote the quantity of absent studies that would render the correlation null and void. This approach has significant limitations. The assumption is made that this effect observed in the concealed studies is null, neglecting to account for the potentiality that some of the studies may have demonstrated the opposite correlation. Consequently, the quantity of studies necessary to obliterate the correlation might be less than the Fail-Safe N. Additionally, this approach prioritizes statistical significance over substantive significance, which is a fundamental distinction. Hence, although this methodology allows for the assertion that the correlation is not null, it neglects to assess whether the correlation retains practical significance even when the absent studies are accounted for. Additionally, it should be noted that the fail-safe N algorithm generates a p-value for every study, which is subsequently summed. On the contrary, the prevailing methodology employed by this program is to calculate the p-value for the combined correlation after combining the correlation sizes that were calculated for each individual study. In general, the results produced by the two methodologies differ. Hypothetically, the funnel plot would be symmetrical if MA had incorporated every pertinent study. Consequently, research will be uniformly distributed in both directions of the overall correlation. Authors are therefore concerned that these left-hand studies may exist and be omitted from the analysis if the funnel plot is asymmetric, with a relatively high number of small studies (representing a large correlation) falling to the right of the mean correlation and a relatively small number falling to the left. A method was devised by Cooper [67] that enables the imputing of these investigations. Specifically, authors ascertain the probable locations of the absent studies, incorporate them into the analysis, and subsequently recalculate the overall correlation. This approach is referred to as “Trim and Fill” because it involves an iterative process to remove asymmetric studies from the right-hand side to identify the unbiased this effect. Subsequently, the method completes the plot by re-inserting the trimmed studies on the right, along with their imputed counterparts to the left, which represent the mean correlation. The program employs a fixed effects model to identify absent studies and restricts its search to the left side of the mean correlation.




4. Results


To ensure that the meta-analysis accurately and objectively evaluates prior research, it is vital to implement classification criteria that delineate the information obtained from each study. The correlation and sample size of each individual sample were established initially. In common usage, the correlation magnitude was quantified using Pearson’s correlation coefficient. While all studies address the same subject matter, they may differ not only in their conclusions but also in the methods and techniques they employ [34,68]. Through the utilization of a meta-analysis, authors of this article evaluated the correlation between innovation management (specifically, the categories of innovations) and the innovation performance of organizations by quantitatively integrating the empirical study data from earlier independent studies [69]. The meta-analysis was conducted utilizing the Comprehensive Meta-Analysis software V2 [70]. The initial stage involved condensing Pearson’s correlation coefficients (r), which are presented in Table 2.





 





Table 2. Included studies in MA. Source: Authors’ compilation.






Table 2. Included studies in MA. Source: Authors’ compilation.





	Included Studies
	Correlation r
	Metric





	Furmanska-Maruszak and Sudolska (2016) [71]
	0.40
	Combination of social and organizational innovations with the sample of 200 companies s in Poland.



	Arranz et al. (2021) [72]
	0.60
	Eco-innovations with the sample of 9172 companies in Spain



	Zhang et al. (2023) [73]
	0.07
	Eco-innovations with the sample of 3842 companies in China



	Apa et al. (2021) [74]
	0.29
	Organizational innovations with the sample of 179 companies in Italy



	Basco and Calabro (2016) [75]
	0.18
	Product innovations with the sample of 245 companies in Chile



	Zobel (2017) [76]
	0.41
	Product innovations with the sample of 119 companies in US and Europe)



	Xie et al. (2017) [77]
	0.80
	Product innovations with the sample of 1206 companies in China



	Yeniyurt et al. (2014) [78]
	−0.01
	Product innovations with the sample of 4290 companies in North America



	Wang and Hu (2020) [79]
	0.75
	Product innovations with the sample of 236 companies in China



	Rauter et al. (2019) [14]
	0.15
	Product innovations with the sample of 152 companies in Austria



	Brettel and Cleven (2011) [80]
	0.24
	Product innovations with the sample of 254 companies in Germany



	Lu and Yu (2020) [81]
	0.31
	Product innovations with the sample of 213 companies in China



	Liu et al. (2017) [82]
	0.28
	Product innovations with the sample of 1066 companies in China



	Kobarg et al. (2019) [83]
	0.31
	Product innovations with the sample of 218 companies in Germany



	Jean et al. (2014) [84]
	0.50
	Product innovations with the sample of 170 companies in China



	Li et al. (2019) [85]
	0.46
	Product innovations with the sample of 206 companies in China



	Gunday et al. (2011) [86]
	0.52
	Product innovations with the sample of 184 companies in Turkey



	Kowang et al. (2015) [87]
	0.47
	Product innovations with the sample of 108 companies in Malaysia



	Bayhan et al. (2021) [88]
	0.83
	Organizational innovation with the sample of 200 respondents in Turkish companies



	Chuang and Lee (2023) [89]
	0.60
	Organizational innovations with the sample of 144 companies in Taiwan








Authors initially assessed the overall relationship between innovation management and business innovation performance, as well as the moderating factors, utilizing MA approaches. Fisher’s z coefficients were utilized in place of correlation (r) to carry out the analysis accurately. The significance of this procedure lies in the fact that it ensures sampling error correction. To rank the correlation, their inverse variances were considered [90]. In addition, the corrected individual values were aggregated to derive the overall correlation [77]. The inverse hyperbolic tangent of Pearson’s correlation coefficient is referred to as the Fisher transformation (Fischer z-transformation) in statistics. Determining confidence intervals for the sample correlation coefficient becomes a formidable task due to its significantly asymmetrical distribution near +1 or −1 [91]. On a scale ranging from −1 to +1, correlation coefficients are quantified. A value of 0 signifies the absence of any linear or monotonic association, whereas a value approaching 1 indicates a stronger relationship that, over time, approaches a straight line represented by a consistently increasing or decreasing curve. Schober et al. [92] define a coefficient between variables as follows: 0.10 to 0.39 indicates a poor relationship; 0.40 to 0.69 indicates a moderate relationship; 0.70 to 0.89 indicates a strong relationship; and 0.90 to 1 denotes an extremely powerful relationship. The strength of dependence of correlation coefficients is detailed in Table 3. Based on the analysis, it is possible to conclude that innovation management has a moderate correlation on innovation performance as a whole and on innovation performance specifically. Environmental and product innovations fall under the classification of “weak dependence.” Product innovations are borderline dependent to a moderate degree. Given that organizational innovations exhibited the greatest values relative to the others, they can be categorized as moderately dependent. Upon applying Fisher’s coefficient in place of Pearson’s correlation coefficient, the outcomes remain essentially unaltered. The sole alteration that took place was in product innovations, which, after the transformation, can be categorized as having a moderate degree of interdependence among variables.





 





Table 3. Overall effect of MA. Source: Authors’ compilation.
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	Hypothesis
	k
	N
	Pearson’s Correlation r
	Fisher’s z Coefficient





	H1: Overall correlation
	20
	22,404
	0.447
	0.475



	H1a: Product
	13
	8667
	0.396
	0.419



	H1b: Eco
	2
	13,014
	0.364
	0.381



	H1c: Organizational
	5
	723
	0.582
	0.665








For MA, authors incorporated the twenty studies that were mentioned. Table 4 details the fundamental parameters. Thirteen of the studies examined organizations that concentrated predominantly on product innovations (excluding ancillary activities). Two of the studies examined eco-innovations. Five of the studies identified organizations that attempted to investigate the issue of organizational innovations. A confidence interval of 95% delineates a spectrum of values [93]. The correlation serves as the effect magnitude index. For the analysis, a random effects model was implemented. A standard acceptance criterion for significance is a p-value of 0.05 or a constant z-value of 1.96. It is presumed that the studies included in the analysis constitute a random sample from a larger pool of prospective studies. The conclusions drawn from this analysis will be extrapolated to the entire number of studies [94]. The 95% confidence interval for a correlation of 0.447 is 0.557. Within this interval, the correlation of analogous studies could lie anywhere. The aggregate correlation has a p-value of 0.000 (p < 0.05). Organizational innovation performance is positively correlated with management of innovation in the form of designated innovation categories, according to a criterion alpha (α) of 0.05. Assumption H1 was approved. Likewise, Hypothesis H1a was validated. The innovation performance of companies is positively correlated with product innovation. The identical result can be extrapolated to H1c, indicating that there exists a positive correlation between organizational innovation and the innovation performance of companies. Because the p-value for eco-innovations exceeds the α significance level, it can be concluded that there is no positive correlation between eco-innovation and the innovation performance of companies. As a result, the hypothesis H1b is rejected. Additionally, a low z-value and a broad range of confidence interval values provide support for the findings.





 





Table 4. Hypothesis testing. Source: Authors’ compilation.
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	Hypothesis
	k
	N
	z-Value
	p-Value
	Confidence Interval (95%)





	H1: Overall correlation
	20
	22,404
	5.905
	0.000
	0.311; 0.565



	H1a: Product
	13
	8667
	4.199
	0.000
	0.219; 0.547



	H1b: Eco
	2
	13,014
	1.225
	0.220
	−0.225; 0.758



	H1c: Organizational
	5
	723
	4.194
	0.000
	0.340; 0.752








An inherent characteristic of the random effects model is that the magnitudes of actual correlation are distributed at random. On the contrary, within the framework of the random effects model, our objective is to calculate the average of a set of actual correlations. While large studies may produce more accurate estimates compared to small studies, it is important to note that each study estimates a distinct correlation, which in turn, represents a sample from the population who mean to attempt to estimate. Thus, in contrast to the fixed effects model, the weights allocated in the random effects model exhibit a greater degree of equilibrium. The analysis is less likely to be dominated by large studies, and less likely to be trivialized by minor studies. The random effects model posits that the true correlation may vary from one study to the next due to these variations (heterogeneity) between them. The confidence interval for the mean correlation is 0.56, and it ranges from 0.31 to 0.56. In total, 95% of all comparable studies report that the true correlation magnitude lies within the interval of −0.26 to 0.84 (Figure 3) [62].



An illustration of the correlation in greater detail is provided using a forest tract. The visual depiction of the forest graph reveals that the correlation coefficients of individual studies vary considerably. The values encompassed in the range of −0.01 to 0.83 demonstrate the considerable diversity of attainable correlation levels. Seventy percent of the correlation coefficient values, however, fall within the red-circled interval, which bodes well for future research in the context of this investigation (Figure 4).



The fail-safe N for MA, which incorporates data from 20 investigations, is 15,047. To achieve a combined two-tailed p-value greater than 0.050, it is necessary to identify and incorporate 15,047 ‘null’ studies. To nullify the correlation, 752.4 absent studies would be required for each observed study. Based on the parameters, the method posits that there are no studies that are absent. The point estimate and 95% confidence interval for the combined studies, as determined by the fixed effects model, are 0.45601 (0.44556; 0.46633). When employing Trim and Fill, the values remain unaltered. The combined investigations have a point estimate of 0.44188 and a 95% confidence interval of 0.55732 under the random effects model. By applying Trim and Fill, these values remain virtually unaltered (Figure 5).



Q-test to determine heterogeneity



As a test of the null hypothesis that all studies included in the analysis have the same correlation, the Q-statistic is utilized. The expected value of Q, assuming all studies had the same genuine correlation effect, would be equivalent to the degrees of freedom (one minus the number of studies). With 19 degrees of freedom, the Q-value is 2105.915. By applying criterion α of 0.100 to all these studies, it is possible to conclude that the correlation is identical. The I-squared statistic is 99%, indicating that the sampling error accounts for less than 99% of the variance in observed correlation and represents the variance in genuine correlations (Table 5).





 





Table 5. Heterogeneity test. Source: Authors’ compilation.
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	Heterogeneity Test
	Q-Test for Heterogeneity
	Df (Q)
	I-Squared





	Overall correlation
	2105.915
	19
	99.098








A comparable examination to the one conducted in the context of the overall correlation can be replicated via subgroup analysis. Authors selected the enterprise size and the year of publication of the given publication as subgroup variables, they also selected the enterprise size and the year of publication of the given publication as subgroup variables. α = 0.05 was selected as the level of significance. Authors classified the corporations into two groups based on their employee count: small and medium enterprises, and large enterprises. The year of publication of individual studies was recoded into two categories: those published prior to 2015 and those published after 2015 (or later).



Then they investigated the H2a and H2b hypotheses. The results of this analysis can be officially declared. Authors conclude that the hypothesis H2a is accepted based on the data in Table 6, as the p value is less than the significance level (α = 0.05) for small and medium-sized enterprises (SMEs). Simultaneously, the z-value exceeds the constant threshold of 1.96, thereby providing evidence in favor of accepting the hypothesis H2a. Hypothesis H2b is also accepted on the grounds that the p-value is below the predetermined significance level (α = 0.05) for studies published after 2015. Additionally, the z-value exceeds the constant threshold for the z-score (1.96), suggesting that this metric supports the adoption of the H2b hypothesis.





 





Table 6. Subgroup analysis. Source: Authors’ compilation.
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	Hypothesis
	k
	N
	z-Value
	p-Value
	Confidence Interval (95%)





	H2a: Companies size
	
	
	
	
	



	SMEs
	15
	19,548
	5.602
	0.000
	0.285; 0.543



	Large
	5
	2856
	1.859
	0.062
	−0.027; 0.807



	H2b: Publication year
	
	
	
	
	



	Before 2015
	4
	3189
	1.934
	0.053
	−0.005; 0.593



	After 2015
	16
	19,215
	5.527
	0.000
	0.317; 0.598










 





Table 7. Summary of testing hypothesis. Source: Authors’ compilation.
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	Hypothesis
	Accepted/Rejected
	Correlation





	H1: Management of innovation in the form of selected innovation types (product/eco/organizational) is positively correlated with companies’ innovation performance.
	Accepted
	Positive



	H1a: Product innovation is positively correlated with companies’ innovation performance.
	Accepted
	Positive



	H1b: Eco innovation is positively correlated with companies’ innovation performance.
	Rejected
	Positive



	H1c: Organizational innovation is positively correlated with companies’ innovation performance.
	Accepted
	Positive



	H2a

The relationship between innovation management and companies’ innovation performance is statistically significant for SMEs companies.
	Accepted
	Not identified



	H2b

The relationship between innovation management and companies’ innovation performance is statistically significant for scientific studies published after (or including) 2015.
	Accepted
	Not identified








Except for hypothesis H1b, every other hypothesis was accepted (Table 7). The analysis revealed that organizational innovations have the greatest correlation coefficient, suggesting that they are the most responsive and have the greatest influence on overall innovation performance. Ecological innovations fail to exhibit statistical significance when evaluated within the context of hypothesis testing.




5. Discussion


The calculation of correlation for the relationship of interest in the MA conceptual model provides valuable guidance on the optimal timing for conducting an MA [95,96]. A MA’s findings are intrinsically linked to the caliber of the primary studies it examines. The potential benefits of the MA outputs include improved correlation estimates, resolution of disputes that may arise from ostensibly contradictory research, development of novel theories, and answers to questions that were not explored in the individual studies. More precisely, the exploration of heterogeneity is critical in the development of innovative theories [97]. It is not possible to determine the efficacy of an intervention, or the validity of a hypothesis based on the findings of a single study, as such information typically varies between studies. An alternative approach that integrates data from multiple trials is necessary.



According to a study by Khosravi et al. [98], these results exist. The outcome of the MA indicated that the scale of the organization has a substantial and positive impact on management innovation. Furthermore, it demonstrated a robust and positive correlation between innovation management and financial performance. The correlation between collaborative innovations and the overall efficacy of the enterprise has been the subject of inquiry by other authors. Collaborative innovation refers to the practice wherein organizations or groups combine their resources, expertise, skills, and experience to develop or improve a solution that benefits all parties involved. Previous studies have established that collaborative innovation has a substantial effect on innovation performance. Research has established a robust and positive correlation between collaborative innovation and the innovation performance of organizations [77,99,100]. Mendoza’s [101] research illustrated the correlation between organizational specialization and innovation. This correlation was found to be statistically significant, according to the study. The results suggest that the nature of the organization moderates the relationship between specialization and innovation, with a stronger correlation observed in manufacturing firms as opposed to service-oriented ones. Opinions have been expressed by other scholars regarding open innovation as a business strategy that involves leveraging external ideas, technologies, and resources, as well as internal innovation, to advance a company’s development of new products, services, and processes. It encourages collaboration with external partners such as customers, suppliers, competitors, and research institutions to co-create value and drive innovation. Open innovation contrasts with traditional closed innovation approaches, where all innovation activities are conducted internally within the organization’s boundaries [102]. The relationship between open innovation performance and three crucial factors—analysis level, open innovation technique, and performance measure—is significantly altered [103]. To streamline the implementation of internal and external open innovation, organizations should adopt a top-down methodology. To safeguard their own inventions and promote open innovation, businesses should appoint competent executives to devise and supervise policies pertaining to organizational innovation. To promote the exchange of information, they ought to employ a combination of formal and informal limitations [104].




6. Conclusions


A comprehension of the adoption process and individual innovations is necessary to grasp the conception, development, and utilization of innovations within organizations. Additionally, numerous innovation studies are necessary because the establishment and management of innovative businesses rely on the identification of characteristics that encourage innovation adoption. MA compiled and synthesized empirical research findings concerning the correlation between innovation performance and innovation management. Both the overall effect of innovation management and its correlation with innovation performance are classified as moderate in nature. Weak reliance encompasses product and environmental innovations. Product development is dependent to a moderate degree. Organizational innovations exhibited the highest values relative to the other categories; therefore, they can be classified as moderately dependent. While the correlations between the individual studies varied, the weights assigned to each study were nearly equivalent, ensuring that none of the studies substantially distorted the obtained results. Furthermore, seventy percent of the studies were contained within the confidence interval. Additionally, authors have ascertained that there exists a statistically significant correlation between innovation management and the innovation performance of small and medium-sized enterprises (SMEs). Statistically significant correlations exist between innovation management and the innovation performance of companies, according to studies published in 2015 or later. The implementation and successful utilization of innovative initiatives positively impact the operational outcomes of businesses. Although there may be variations in the quantification of the correlation coefficient when it comes to the implementation of innovation management, fundamental differences between companies are not evident. The implementation and successful utilization of innovative initiatives positively impact the operational outcomes of businesses. With the exception of eco-innovations, the remaining chosen forms of innovation have a substantial impact on effective innovation management, a fundamental requirement for the prosperous execution of innovative endeavors within organizations. Thus, the study’s objective was accomplished.



One of the constraints of this research must be acknowledged: the lack of the use of other several scientific databases that could have broadened the scope of the studies incorporated in this analysis (e.g., to include the relevant scientific outputs for Scopus database). Furthermore, authors acknowledge that due to the increasing number of management innovation investigations, they cannot guarantee that they have considered every study that has been conducted in this field. Although it is plausible to consider the exhaustive searches as a representation of the present state of management innovation research, future investigations may incorporate additional databases, conceptual frameworks, and unpublished papers to delve deeper into this matter. One prevalent critique of meta-analyses is that they neglect the potential variability in the treatment correlation across studies in favor of concentrating on the summary correlation. While the MA will generate a mathematically valid synthesis of the included studies, if the included studies represent a biased sample of all prospective studies, the correlation reported by the MA will reflect bias. Additionally, it is critical to bear in mind that a correlation coefficient is insufficient to succinctly summarize an entire research field, as it fails to account for significant research and may diverge from randomized trials. For information management to ensure the collection of high-quality data, established procedures are necessary. The process of determining which studies to incorporate into a systematic review or meta-analysis is difficult and susceptible to error. Nevertheless, a framework of criteria is present to assist in determining which studies to integrate. A prevalent issue in the realm of MA pertains to the limitation that a single number and coefficient (particularly correlation coefficients) merely represents the impact of the analyzed studies without providing a comprehensive and all-encompassing depiction of the analyzed domains. These domains are frequently intricate and may comprise numerous indicators and indicators. As they will inevitably have unique characteristics, it may be difficult to ascertain the degree of similarity that should be maintained among the studies incorporated in an MA. It is critical to bear in mind that, by their very nature, MAs examine broader subjects than individual studies. Actually, the purpose of an MA should be to synthesize the correlation, not merely to provide a correlation summary. Consistent correlation suggests that the correlation is robust across the entire range of studies included in the analysis. When a small dispersion exists, the mean correlation must be interpreted considering the dispersion. If a substantial dispersion exists, the focus should transition from the overall correlation to the dispersion itself. Researchers, in fact, fail to achieve the intended purpose of the synthesis when they present a summary correlation without considering heterogeneity.
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Figure 1. PRISMA diagram. Source: Authors’ compilation. 
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Figure 2. Graphical representation of the conceptual framework of the study. Source: Authors’ compilation. 
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Figure 3. Distribution of the true correlation effects. Source: Authors’ compilation. 






Figure 3. Distribution of the true correlation effects. Source: Authors’ compilation.



[image: Systems 12 00130 g003]







[image: Systems 12 00130 g004] 





Figure 4. Funnel plot. Source: Authors’ compilation. 
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Figure 5. Forest plot of MA. Source: Authors’ compilation. 
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Table 1. Systematic review analysis. Source: Authors’ compilation.
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	Review Activity
	Required Information





	Review focus
	Clear formulation of the hypothesis and review question.



	Strategy of the search
	Search terms, scientific databases searched, restriction in the search, outcome of the search processes.



	Selection of the study
	Inclusion criteria, exclusion criteria.



	Critical appraisal
	Criteria for study quality determination, study appraisal procedures.



	Data abstraction
	Methods for abstracting data, the strategies used, missing data.



	Analysis
	Meta-analysis, investigation of heterogeneity, comparisons, analysis of sensitivity, sub-group analyses.



	Results
	Findings from methods, summary data, characteristics of studies included in the systematic review.



	Discussion
	Summary of findings, limitations of the research, implications for research, future challenges in the discussed issue, implications the practice.
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













nav.xhtml


  systems-12-00130


  
    		
      systems-12-00130
    


  




  





media/file8.jpg





media/file11.png
Correlation and 95% Cl Weight (Random)

-1.00 -0.50 0.00 0.50 1.00 Relative weight

497 |
' 517 |
. 517 |
e 495 |
e 5.01 |
. 483 |

- 5.14 |
- 5.14 |
- 5.00 |
4.9 |

el —
e 5.01 |
——
—
—tp

498 |
514 |
5.16 |
497 |
. 4565 |
. 5.15 |
. 480 |

— 497 |
. 488 |






media/file6.jpg
Distribution of True Effects

Coneltion

The mean efect szo1s 0.4 with 0 95% confidence ntervolof .31 10 056

Tioa an nlct olus 10 997, of ofl compai

populations falls in the interval -0.26 100,84






media/file1.png





media/file10.jpg
Corelation and 95% CI Weight (Random)

.00 050 0.00 050 1.00 Relative weight

— 4571
. s

371

pp—— P
— ol

- 5141
5141

- 5.00 |
e

—— 5.01 1
i s
]

o sa6l
137

P

s1s

a8

- el






media/file7.png
Distribution of True Effects

0.75 -0.50 -0.25 0.00 0.25 0.50 0.75

Correlation

The mean effect sizeis 0.44 with a 95% confidence interval of 0.31 to 0.56
The true effect size in 95% of all comparable populations falls in the interval -0.26 to 0.84

1.00





media/file9.png
Standard Error

0.05 |

0.15 |

0.20

-2.0

Funnel Plot of Standard Error by Fisher's Z

Fisher's Z






media/file5.png
Subgroup variables
Companies size (H2a)

Year of the publication (H2b)

Independent variables
Innovation management
(types of innovation)
H1, Hla, H1b, Hlc

v

Dependent variable
(Innovation performance)

H1, Hla, H1b, Hlc






media/file3.png
Records identified through database Additional records identified through
searching other sources
(n=537 ) (n=12)
Records after duplicates removed
(