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In this article, we present the results of an analysis that describes the research centered on Journal Impact Factors (JIFs). The purpose of the analysis is to make a start of studying part of the field of quantitative science studies that relates to the most famous and classic bibliometric indicator around and to see what characteristics apply to the research on JIFs. In this article, we start with a general description of the research, from the perspective of the journals used, the fields in which research on JIFs appeared, and the countries that contributed to the research on JIF. Finally, the article presents a first attempt to describe the coherence of the field, which will form the basis for next steps in this line of research on JIFs.
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INTRODUCTION

Undeniably, one of the most widely used bibliometric indicators is the Journal Impact Factor (JIF). This indicator reflects the average impact of a journal and is defined as the number of citations a journal receives in a particular year divided by the number of citable documents published in the 2 years previous to the year of publication. The JIF is developed by Eugene Garfield in the 1950/1960s, with first publications on the indicator in 1955 and 1963 (Garfield, 1955; Garfield and Sher, 1963). Journal citation statistics were included in the Journal Citation Reports (JCR), the annual summarizing volumes to the printed editions of the Science Citation Index (SCI), and the Social Sciences Citation Index (SSCI). In an ever more complex world, in which more and more journals appeared on the scene, thereby complicating the life of academic librarians, the JIF was a helpful tool in decision-making on collection management. When the JCR started to appear on electronic media, first on CD-ROM and later through the Internet, JIF was more frequently used for other purposes such as assessments on various levels. This use of the JIF was warned against by Garfield himself (Garfield, 1972, 2006). The JIF is included in the JCR from 1975 onward, initially only for the SCI, later also for the SSCI. For the Arts and Humanities Citation Index, no JIFs were produced. From the definition of the JIF, it becomes apparent that JIF is a relatively simple measure, is easily available through the JCR, and relates to scientific journals that are the main channel for scientific communication in the natural sciences, biomedicine, and parts of the social sciences (e.g., in psychology, economics, business, and management) and humanities (e.g., in linguistics). The bibliometrics community mainly studied the methodological issues related to JIFs (Moed and van Leeuwen, 1995; Seglen, 1997; Archambault and Lariviere, 2009) and other journal impact measures such as the Eigenfactor (Bergstrom et al., 2008), the Audience Factor (Zitt and Small, 2008), and the Source Normalized Impact per Paper (Moed, 2010; Waltman et al., 2013). While this work was of a critical nature on the usage of journal impact measures for assessment purposes, trying to develop solutions for the problems related to JIFs, more recently, we observe many publications in the bibliometrics literature using the JIF in a less critical manner, applying JIF in various assessment contexts. Many studies outside the bibliometrics community examined the possibilities of the application of JIFs in management of research, journals and journal publishing, or simply reported on the value of the JIF for their own journal. This literature is an indication of the growing relevance of this bibliometric indicator for science and science management.

In this study, we will describe the development of the research about JIFs from 1981 onward, until 2015. The focus will be on the development of output related to JIF, looking at the disciplinary and geographical origin of the output focusing on JIFs. Co-occurrence analysis of title and abstract words is used to see how the publications in the research on JIFs are related. This article is a first step in a line of research, describing the landscape in a general sense, followed by research in which we want to follow the development of the research on JIFs, for example, to see whether we can speak of the development of a scholarly specialty and also how the use of JIFs is embedded in evaluation practices in academia worldwide, the actors using these indicators in those evaluation practices, and the role of academic libraries therein, and so on. This follow-up research will also extend the period of analysis to the most recent years, up until 2016, as that will also connect to discussions on actors, specialty development, etc.

DATA COLLECTION

We collected from the Web of Science all publications that contain the words “Impact Factor” or the shortening to IF or JIF in their title or abstract. We concluded that “if” or “IF” in itself was impossible to include in the search, because this would include all occurrences of the word “if” in its form of a conjunction in the English language (over 1.2 million hits in Web of Science online). A first search was conducted in November 2012 and resulted in a set of 2,855 publications of various document types and updated in January 2017, adding another 1,772 publications to the set. This set of 4,627 publications was combined with the in-house version of the Web of Science at CWTS, a bibliometric version of the original Web of Science database. This resulted in a set of 3,932 publications, which were present in both versions of the WoS database. The main reason for the difference between the two sets is the gap between the periods covered in both sets, where the CWTS version was up-to-date for analytical purposes to 2015. A detailed manual analysis of the contents of the publications resulted in the deletion of 462 publications, which focused on other topics than JIFs.1

The resulting data set contained 3,470 publications in WoS.

METHODS AND INDICATORS

Below we will analyze the disciplinary embedding of the publications selected in the WoS database according to the so-called Journal Subject Categories. As the data collected for the study are collected irrespective of the field to which the publications belong, the set contains publications from a variety of subfields. Information on geographical origin was extracted from the addresses attached to the publications selected. We only looked at country names attached to publications and counted a country name only once when it appears on a publication.

In this study, we use the VOS Viewer methodology, through which structures between publications are identified on the basis of the co-occurrence of title and abstract words, but also other entities in science such as journals, authors, or institutions. The VOS Viewer is an analysis tool developed at CWTS that allows one to construct and visualize networks based on bibliometric information. The relations used can be copublications, and consequently, coauthorship and coinstitution occurrences, as well as cocitation or bibliographic coupling relations (van Eck and Waltman, 2010). We start this analysis of the data from 1996 onward, the year in which WoS publications structurally started having abstracts in the database. The availability of this type of data in our set means that we have 20 years of publication data, which we will analyze divided in 4 equally long periods of 5 years (1996–2000, 2001–2005, 2006–2010, and 2011–2015).

In the part on the disciplinary and geographical background, we use a standard bibliometric impact indicator, namely MNCS, the field normalized mean citation score, to give an impression to what extent publications in the research on JIFs are more or less influential and visible in the fields to which they belong (Waltman et al., 2011). One of the main features of the MNCS is field normalization. Various fields have different citation densities, so to compare across fields normalization for these differences are needed if one wants to know the relative position of the article within the field. Of course, if one is interested in the differences in citation density among fields, one should not normalize. MNCS is an indicator developed by CWTS, but similar field normalized impact indicators have been developed elsewhere as well. Furthermore, in MNCS, age of publications and document types are also taken into consideration.

RESULTS

The overall development of research and output on JIFs is displayed in Figure 1. After taking off in the early 1990s, since 1994 the output is steadily increasing. In Figure 1, we also display the annual overall growth of output in WoS. If we want to indicate the growth in output, we apply a formula for calculation of developments in output numbers. As the analysis will further focus on the 20-year period, we will indicate the growth rate of research on JIFs over that period, 1996–2015, in comparison with a global increase in output numbers in the WoS database. In addition, we will indicate what the growth rate is within that period, by looking at the last 10 years, 2006–2015. We apply the following formula: we take the output in the last year and extract the output in the first year. This is divided by 1% of the output in the starting year. This is interpretable as a percentage, although growth rate in itself is more accurate. This delivers for the world a growth rate of 84, while for the research on JIFs, the growth rate is 1,157, both for the period 1996–2015. The comparison of this ends up with the conclusion that research on JIFs grows about 13/14 times as fast as global science does. Whenever we focus on the last 10 years (period 2006–2015), the growth rate for global science is 39, while that of research on JIFs is 135, which leads to the conclusion that research on JIFs grows three to four times as quick as global science does. So in this last period, we notice some sort of stabilization, which is also visible in Figure 1, from 2010 onward, with a drop after 2012, after which the output again starts to increase.
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FIGURE 1 | Trend analysis of output in WoS on Journal Impact Factors (JIFs), 1981–2015.



In Figure 2, we display the trend shown in Figure 1, but broken down into various document types in the WoS database. Normal articles do account for the largest share of the output, as can be expected. Remarkably, the document type Editorial material covers nearly 25% of all publications on JIFs. Editorial material is apparently a popular way to discuss JIFs. Moreover, we hypothesize that editorials function as a way to make public the value of the JIF of the respective journals. The other document types play a relatively modest role.
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FIGURE 2 | Trend analysis of output in WoS on Journal Impact Factors across various document types, 1981–2015.



We notice a change in the trends of output numbers of articles from 2009 onward, after which the annual numbers fluctuate, with a recovery of the upward trend in 2015. For Editorial material, we observe this decrease somewhat later in time, in 2012. Finally, Reviews seem to be gaining in importance from 2010 onward.

Given the low numbers of publications involved in the period before 1996, a year in which we clearly observe an increase of the number of publications on JIFs, we from here on focus on the period 1996–2015, cutting this period in four equally long 5-year periods.

In Table 1, we present the publications about JIFs in the period 1996–2015 by journal. We show only the 25 journals that appeared most frequently in the period 2011–2015 and then look back in time to what extent these journals contributed to the overall increase of output in the research on JIFs. Among the 25 journals that publish most frequent about JIFs in 2010–2015, we find Scientometrics as the top ranking journal, with 158 publications, while the journal also published on this topic in the 3 previous periods. A new journal that publishes research about JIFs is the Journal of Informetrics (launched in 2007), with 79 publications in the research on JIFs in the period 2011–2015. Other journals among the top 25 most frequently publishing journals in 2011–2015 are Journal of Informetrics, PLoS ONE, Current Science, and Journal of the American Society for Information Science and Technology. These five journals actually form the core journals for the specialty. Next in the table, we find two journals that publish about JIFs for the first time in 2011–2015 (Revista Portuguesa de Pneumologia and Academic Emergency Medicine). Learned Publishing is a journal that is shown in Table 1, which is also visible in all four periods of the analysis.

TABLE 1 | Output numbers across journals in WoS on Journal Impact Factors, 1996–2015.
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The development of the total number of publications per period indicates the rapid growth in the research on JIFs, as it doubles every next period, with the number of publications in 2011–2015 being 10-fold the output volume compared to the output in the period 1996–2000. In Table 2, the journals are shown that contained publications about JIFs in every period of our analysis, indicative of the stability in the research on JIFs. The first two journals were mentioned in the discussion of Table 1. A remarkable fact in Table 2 is the dominance of biomedical journals (10 out of 17). Another remarkable fact is the relative large number of Spanish journals (n = 4) among these 17 journals. An explanation for this phenomenon may be the strong pressure in the Spanish science system to publish internationally (Jimenez-Contreras et al., 2003), in particular in journals with a high JIF. In the manual selection process, we noted a relatively large number of publications from Germany and German language publications, on JIFs. However, this did not result in a very strong visibility of one particular journal from Germany or in the German language.

TABLE 2 | Output numbers across journals in WoS on Journal Impact Factors, 1996–2015.
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In Table 3, we present the distribution of main contributing countries to the research around JIFs. The countries are shown according to the order of numbers of publications in the period 2010–2015. The USA takes a first position in the research on JIFs. Rather surprising is the position of Spain. Although the share of the output of Spain decreases, the absolute numbers increases strongly, and equally interesting, the citation impact of these publications increases as well. This prominent position of Spain in this analysis is mainly due to two reasons, namely the before mentioned pressure, also legally, for Spanish academics to publish in high impact journals, in combination with the fact that most universities in Spain have faculties of library and information science, therefore many scholars are working in the field. China appears in the second period of our analysis, increasing its output in research on JIFs in the last two periods. This development is in line with the overall growth of the number of scientific publications from China (Moed, 2002; Bouabid et al., 2016). And although based on somewhat lower numbers of publications, the citation impact of some of the countries publishing on JIFs stand out, in particular of the Netherlands, Canada, and Australia.

TABLE 3 | Output numbers across countries in WoS on Journal Impact Factors, 1996–2010.
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In Figure 3, we compare the output of the countries that are most active in the research on JIFs with their total contribution to global science in the period 2011–2015. Please note that shares are taken among this group only, for both the contribution to global science and to the body of publications on JIFs, so the global shares presented here are not the actual contributions, and these might be somewhat smaller due to the exclusion of some countries from this analysis. Moreover, these scores contain all document types, since editorials seem to be of importance in the research on JIFs. The countries are presented in the order of their contribution to global science. So we expect the USA and China, together with large science producing European countries such as Great Britain, Germany, and France to be on top of the figure. However, among the top three countries, their contribution to the research on JIFs is lower compared to their contribution to global science, while Great Britain and Germany have relatively more output on JIFs compared to their global contribution to science. Spain has a contribution more than three times as high to the research on JIFs, just as Taiwan has a double as high contribution to JIF research compared to the country’s contribution to global science output. Other countries that are overrepresented compared to their national share on global science are Canada, Italy, Australia, the Netherlands, Brazil, and Belgium.
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FIGURE 3 | Comparing output shares on Journal Impact Factors (JIFs) and global science, 2011–2015.



In Table 4, we present the disciplinary background of the journals publishing on JIFs. The social sciences field Library and Information Science plays the most important role. Many journals classified under this heading in the WoS are also labeled as Computer Science, interdisciplinary applications (which explains why that field is so strongly visible in all three periods). The second largest field when it comes to publications on the topic of JIFs is Medicine, general and internal. This field contains next to the well-known general medicine journals such as New England Journal of Medicine, British Medical Journal, JAMA, and The Lancet, many local medicine journals, many of which publish occasionally on JIFs. We see this as evidence for the popularity of JIFs in this field.

TABLE 4 | Output numbers across fields in WoS on Journal Impact Factors, 1996–2015.
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Another remarkable phenomenon in the overview of the disciplinary composition of the research on JIFs is the fact that these articles tend to have high impact. Moreover, those publications in rather peripheral fields, as seen from the core of the research on JIFs, still seem to generate high impact scores.

Next, we focus on the way the publications in the research on JIFs are interrelated on the basis of terms (title and abstract words) and how these terms co-occur on the publications in the research on JIFs. For this, we used the VOS Viewer methodology.

In Figures 4A–D, we present the publications related to research on JIF in the periods 1996–2000, 2001–2005, 2006–2010, and 2011–2015, respectively. In Figure 4A, we show the network for the period 1996–2000. Here, we distinguish three loosely connected clusters, somewhat stretched out, in which the most left cluster contains the core of the research field. Here, we find important terms, such as Scientific journal, Journal Impact factor, Evaluation, Institute, and Measure. The other two clusters seem to be containing less relevant terms in the research on JIFs, with some focus on the application in both the geographic dimension (mentioning terms such as Spanish scientific production, but also Germany, British journal, and English) as well as the disciplinary dimension (mentioning terms such as Oncology, Hospital, Anaesthesiology). Here, we would like to recall that in the earlier parts of this study, we have shown that in this period, from 1996 to 2000, output numbers just started to increase in the research on JIFs.
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FIGURE 4 | (A) Term map of title and abstract words in output on Journal Impact Factors (JIFs), 1996–2000 (based on VOS Viewer). (B) Term map of title and abstract words in output on JIFs, 2001–2005 (based on VOS Viewer). (C) Term map of title and abstract words in output on JIFs, 2006–2010 (based on VOS Viewer). (D) Term map of title and abstract words in output on JIFs, 2011–2015 (based on VOS Viewer).



In Figure 4B, we show the terms map that represents the research on JIFs in the period 2001–2005. In the graph, we distinguish three different clusters as expressed by the color coding; however, if one takes a closer look, there seems to be two major clusters, one on the right-hand side, in green, and one on the left-hand side, in red. A third, much smaller cluster in purple, is positioned somewhere in the middle, but consists of a small number of terms. The green cluster mainly contains terms related to geographic issues related to JIF research, while the red cluster contains publications that focus on issues such as Research evaluation, Research performance, University, Citation rate. So here we observe a much more evaluative context in the research centered on JIFs.

In Figure 4C, we show the term map for the period 2006–2010. Here, the words plotted in the graph show a dense network, in which we distinguish three different clusters, which are of nearly equally large size/volume of words and density. On the lower left (in red), we observe the cluster that contains the core of the library and information science and evaluation-related topics. The second cluster (in green) contains both elements of scientific publishing and terms from biomedicine, while the lower right part of the figure contains the third cluster (in purple). This cluster contains mainly elements of a geographical nature.

Finally, in Figure 4D, we present the structure based on terms in the period 2011–2015. Remarkable fact is here that for the first time, we can distinguish six separate clusters of terms. The blue and yellow clusters, that are on top of the structure, and mingled, relate to biomedical research. What we have seen in the publications selected for the analysis in this period, we notice an increase of the systematic reviews and guidelines, in the light of a discussion on publishing in high impact factor journals. A next development is visible in the green cluster, which represents the output on research assessment, various country names, indicating the importance of JIF research for the research assessment realm. On the other hand, the light blue cluster represents the discussion on the editorial role, length of citation window, etc. A small pink cluster on JIF research relates to law. Finally, the red cluster indicates the core of scientometric research as can be read from terms such as metric, scholar, impact factor.

As we have seen previously in our analysis, the number of publications grew steadily through time, which means that within the maps displaying the structure of the words used in these publications from one period to another, the underlying relations also become more prominent. The technique used displays a complicated structure in a two-dimensional manner, which is of course a limitation on the cognitive structure underlying the publications. So the increasing density in the four maps reflects the increased density in both terms, as well as the underlying relationships of the words used in titles and abstracts of the publications in the field of research on JIFs.

CONCLUSION, DISCUSSION, AND FUTURE RESEARCH

In this study, we applied bibliometric techniques in a descriptive fashion, to understand the developments around the JIF. We first focused on a description of the characteristics of the research on JIFs. We observed a strong growth in output in the research on JIFs, stronger than the overall output growth in WoS. Focusing on the documents in which research about JIFs is published, editorials play an important role in the publishing on JIFs, and they cover approximately 25% of the output. When we shift our attention to the geographical location of research on JIFs, we can conclude that some countries contribute particularly strongly to research on JIFs, such as Spain and Australia. For these countries, we observe relatively large contributions to the research on JIFs, compared to their overall contribution to science. In a follow-up study, we will investigate to what extent this type of geographical focus on JIF-related scientometric research coincides with the degree to which JIFs are used for various purposes in these science systems.

The initial selection of the publications in this study taught us that we can distinguish three different types of publications on JIFs: publications from the field of library and information science that forms the core of the research on the topic (e.g., the critical studies on the JIF and its’ various ways of application, or the comparison of JIF with newly developed journal impact measures); a set of publications in other fields that relate to the popularity of the indicator in research management (e.g., publications that report on the value of the JIF or propose usage in a policy context); and finally research papers on the controversies around JIFs (these can be of a methodological or a more policy-oriented nature).

Some countries seem to be contributing more to the research on JIFs compared to other countries. A possible reason for the fact that Spain, Denmark, Greece, and Australia contribute more than expected given their overall scientific production might be that in these countries library and information sciences are a discipline often separately distinguished within the academic landscape, housed in separate faculties, next to faculties of social sciences. This is a topic for further research, in particular related to the typology of research papers on JIFs, described in the previous paragraph.

The VOS Viewer graphs in this article suggest an increasing coherence of the research on JIFs. However, future research based on citation relations might help to understand the development of the research on the topic in more detail. Does research on JIFs demonstrate the characteristics of an emerging specialty or can we explain the observed coherence in other ways? We are also interested in the question of replicability and redundancies in the literature. Is this area demonstrating scientific progress by building up a more advanced body of knowledge or do we rather witness a cyclical process in which older findings are regularly repeated?2 And how can we characterize the social network underpinning the body of literature? Do we see a fragmented adhocracy or rather a distributed community?

Another interesting topic for future studies is the question to what extent the DORA Declaration (2012), in which the editors of molecular biology journals called for a stop on using the JIF for assessment purpose, as well as the 2015 Leiden Manifesto (Hicks et al., 2015) and the Metric Tide (Wilsdon et al., 2015) that calls for a more sensible use of bibliometric indicators (among which the JIF) in research assessment contexts, influences the global research on JIFs. Trends in the output numbers showed fluctuations around the moments these documents were published, in particular for the DORA Declaration, so further inquiry is necessary to fully understand the influence of these documents on the scholarly communities working on and using JIFs.
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1“Impact Factor” is a term or a combination of terms that is not only used in relation to journals and scientific publishing but also related to engineering disciplines (e.g., in relation to the construction of bridges and forces working on the steel construction) and biomedicine (where pharmacological research impact factors are used to indicate influences on drug treatment effectiveness).

2The issue of the cyclic nature or redundancy in reporting research came to our attention by three publications on the composition of the JIF and more in particular on the nominator and denominator. Publications such as Rossner et al. (2007), McVeigh and Mann (2009), Hubbard and McVeigh (2011) seem to report on the exact same issues as were reported in two publications from the 1990s (Moed and van Leeuwen, 1995, 1996).
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Science and Engineering Ethics 2 10
Soziale Welt-Zeitschiftfur Sozialwissenschaftiche Forschung und Praxis 10
American Journal of Roentgenology 1 9
European Heart Journal 3 9
Information Processing and Management 1 3 2 9
PeerJ 9
Indlian Journal of Dermatology Venereology and Leprology 8

Total 221 438 1,106 2,289
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