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Open access online publication has made available an increasingly wide range of document types for scientometric analysis. In this article, we focus on citations in online presentations, seeking evidence of their value as non-traditional indicators of research impact. For this purpose, we searched for online PowerPoint files mentioning any one of 1,807 ISI indexed journals in ten science and ten social science disciplines. We also manually classified 1,378 online PowerPoint citations to journals in eight additional science and social science disciplines. The results showed that very few journals were cited frequently enough in online PowerPoint files to make impact assessment worthwhile, with the main exceptions being popular magazines like Scientific American and Harvard Business Review. Surprisingly, however, there was little difference overall in the number of PowerPoint citations to science and to the social sciences, and also in the proportion representing traditional impact (about 60%) and wider impact (about 15%). It seems that the main scientometric value for online presentations may be in tracking the popularization of research, or for comparing the impact of whole journals rather than individual articles.
Introduction 

Published scientific journal articles have long been the main data source for scientometric studies. In particular, the Thomson Scientific (formerly Thomson ISI or the Institute for Scientific Information; here ISI) citation databases which cover the highest impact academic journals have been, and are still, the standard data source. Nevertheless, scientometric research is not restricted to the formally published scholarly literature, but has also used other documentary and non-documentary sources. For instance, patents and patent citations can be used to investigate the commercial applicability of research (Meyer, 2003; Oppenheim, 2000), acknowledgements in academic articles can yield indicators of broader contributions to research (Cronin, Shaw, & La Barre, 2004), and grant funding data is also used for research evaluation purposes (Tertiary Education Commission, 2004). Moreover, many scholars also use more informal communication (e.g., presentations and discussions) to disseminate their work and ideas, sometimes as part of what is known as an "invisible college" (Crane, 1972; Lievrouw, 1990). For instance, there is evidence that "about 90 percent of the scientific results published in journal articles are previously disseminated in one of the channels of the informal communication domain" (Garvey, 1979, as cited in Schubert, Zsindely & Braun, 1983) and in many social sciences and humanities areas a broad range of publications and indicators is needed to measure scholarly communication and for impact assessment (Nederhof, 2006). For these reasons many attempts have been made to study informal scholarly communication patterns (e.g., Fry, 2006; Matzat, 2004). In addition, an important role in research is to support teaching, even at the undergraduate level – except perhaps for established cumulative subjects like maths that tend to teach their foundations (Becher & Trowler, 2001). Hence, for some groups of scholars, an important research goal may be the teaching of their ideas by faculty in other institutions. 
Many researchers have discussed the partial shift of informal scholarly communication to the web, and have recognised its importance for the scholarly communication cycle (Barjak, 2006; Borgman, 2000; Nentwich, 2003; Palmer, 2005). Some have taken advantage of the public accessibility of the web and the features of commercial search engines to generate scientometric indicators for the online impact of journal articles, indicators that potentially include data generated as a byproduct of informal scholarly communication (including online conference papers and teaching materials) in science and the social sciences (e.g., Vaughan & Shaw, 2003; Vaughan & Shaw, 2005). It now seems appropriate to generate and assess new scientometric indicators for informal scholarly communication alone, rather than indicators that include data from both formal and informal sources.
In this article, the focus is on web-based copies of scholarly presentations. Every year, thousands of presentations are given in conferences, workshops, seminars and other scholarly events worldwide. For example, the ISI Proceedings database contains over 4.1 million papers delivered at over 60,000 international scientific meetings since 1990 in a wide range of disciplines (ISI Proceedings, 2007). Presentations are interesting because they play an important communication role, often reporting research for the first time to scholars in a field. Depending upon the academic discipline, a conference presentation and any associated conference proceedings article may be the main outcome of research (e.g., computer science), may be a preliminary step in which findings are discussed before being refined and submitted to a journal (e.g., library and information science), or may serve to describe research that is already finished and submitted to a journal (e.g., sometimes in maths and hard sciences). In contrast, a presentation that mentions current research may help students to understand or discuss the latest ideas on a topic or just to be aware of current research activities, including those in other fields (e.g., Weedman, 1999). Since presentations are an important part of scientific communication, it is desirable to employ them for intellectual impact assessment in the social sciences and perhaps also in the sciences. 
Many studies have examined the role of conference presentations in formal scholarly communication (see below). Nevertheless, there is little knowledge about the extent or value of citations in online presentations (e.g., PowerPoint files) and their potential use for impact assessment. Moreover, so far, no study has applied Webometric methods for extracting citations from online PowerPoint files and assessed them for evidence of intellectual impact. This research seeks to fill this gap for science and the social sciences. Before the web, it was time-consuming and impractical to access presentations for large-scale scientometric analyses. Today, however, many scholarly presentations are deposited online by their authors or conference organizers and are indexed by commercial search engines. For instance, Google has indexed about 14 million PowerPoint files (as of July 19, 2007) and, although an unknown number are scholarly presentations, this seems to be a promising source for quantitative studies.
Literature review

Conference papers as precursors of journal articles
Conference papers (whether refereed or not) are regarded in many disciplines as precursors to journal articles or books (Becher & Trowler, 2001). The large number of conference papers and their potential impact on research communication has been a key factor in motivating scholars to examine the role of conference papers and presentations in formal scholarly communication across different subject areas. One strategy has been to track the rate of subsequent publication of presentations in academic journals. 

Drott (1995), for example, examined a sample of 32 papers from the proceedings of the 1987 Annual Meeting of the American Society for Information Science and found that only 13% were subsequently published as journal articles. Also with library and information science, Fennewald (2005) investigated the rate of subsequent publication for the Association for College & Research Libraries (ACRL) Conference, finding that 13% of all presentations became refereed articles. In another subject, Bird and Bird (1999) analysed the rate of peer-reviewed publication resulting from conference abstracts in the field of biology of marine mammals in 1989 and 1991. Publication rates were about 51% for both studied years. Arrive, Boelle, Dono et al. (2004) examined subsequent publication of orally presented research at the 1995 Radiological Society of North America, finding that 33% of the selected abstracts led to articles that were published in Medline-indexed journals. In contrast, Miguel-Dasit, Marti-Bonmati, Aleixandre et al. (2006) found that only 15% of abstracts presented at the 1994-1998 Spanish Congresses of Radiology were subsequently published as full articles. They also found that multi-disciplinary and multi-institutional collaboration in the abstract associated with subsequent full paper publication. The difference between these two Radiology results highlights the possibility of significantly differing national research cultures within a single field.
Several similar studies covered medicine-related subject areas. Montane and Vidal (2007), assessed the publication rate of abstracts 5 years after their presentation at three consecutive clinical pharmacology congresses (1994, 1996 and 1998), finding a publication rate of 26%, and a median time to publication of 18 months. Scherer, Langenberg and von Elm (2007) also examined the rate at which abstracts were subsequently published in full, and the time between the meeting presentation and full publication in the biomedical subject area, finding a full publication rate of 44.5% within 2 years of appearance as abstracts.  Autorino, et al. (2007) assessed the rate and time-course of peer-reviewed publication of abstracts presented at the European Association of Urology (EAU) Annual Meeting in 2000 and 2001 and identified factors predictive of publication. They found that 47% of the abstracts presented were ultimately published in peer-reviewed journals, usually within 2 years after presentation. Moreover, the publication rate differed significantly according to country of origin, subject, and research type. 
The results of the above studies indicate that the rate of the subsequent publication of scientific meetings ranges from 13% in the field of library and information science (Drott, 1995; Fennewald, 2005) to 51% for biology of marine mammals (Bird & Bird, 1999). These results show clear disciplinary differences in the rate of follow-up publications, although there has apparently been no multidisciplinary comparative study with a consistent methodology that could confirm this. The findings also suggest that a gap of up to two years between conference and journal article is normal, although it is possible that much longer gaps occur in some subjects not covered here.
Scientific meetings as a source for bibliometric analysis

Information on presentations in scientific meetings has been previously used as a data source for bibliometric analyses of international flows of knowledge, leadership, dynamics and trends in scientific disciplines. Nevertheless, some types of related presentations (e.g., all teaching presentations and probably most academic conferences) are not indexed in the bibliographic databases typically searched (e.g., ISI Proceedings).

Glanzel, et al. (2006) used the ISI Proceedings database as part of a bibliometric analysis of all science, social science, and humanities fields. They found that the ISI Proceedings database has complementary coverage to the ISI Web of Science, and thus is a valuable supplement for bibliometrics, especially in the applied and technical sciences. Meho and Yang (2007) produced similar results for Google Scholar in comparison to the Web of Science as part of an analysis of library and information science faculty in one department. Google Scholar indexes open access publications on the web that it judges to be academic. It also indexes the contents of restricted-access scholarly digital libraries, with the agreement of the publishers. Goodrum, et al. (2001) analysed citation patterns in online computer science papers indexed in CiteSeer, papers which CiteSeer finds by searching the web with a set of over 200 computer science terms. Nearly half of the online source documents were from conference proceedings (ignoring the many unidentified document types), indicating that conference papers are regarded as a significant source for research communication in computing.  

One study has analysed the effects of using presentations on the outcome of a relational bibliometric study. Godin (1998) compared international flows of knowledge as measured from conference papers with flows as measured from journal articles. For example, the United States is the most important country in meetings and proceedings as it is in journals, in terms of both papers and citations. However, some countries, like the United Kingdom, had different rankings. This suggests that bibliometric analysis of proceedings would add a new dimension to bibliometric studies, perhaps because it relates more to researchers' movements.
As an example of a practical application of presentation analysis, Soderqvist and Silverstein (1994a) analysed international participation in immunological meetings 1951-1972 to identify disciplinary leaders. In a follow up study (Soderqvist & Silverstein, 1994b), they identified disciplinary leaders through the frequency of participation and used cluster analysis of meetings to map the subdisciplinary structure. A similar approach was used by Zuccala (2006) to study an invisible college of mathematicians.
Online presentations for impact assessment 

No previous research has directly investigated citation to or from online presentations, but some have mentioned citations in online presentations as part of wider investigations. Several quantitative and qualitative studies have examined the value of web-based citations to whole journals or to individual journal articles (e.g., Harter & Ford, 2000; Kousha & Thelwall, 2007a; Vaughan & Shaw, 2003; Vaughan & Shaw, 2005). Although the main purpose of the above studies was not exclusively to seek evidence of impact from online presentations, they reported the proportion of citations from conference papers or presentation files.  

Harter and Ford (2000) conducted the first study reporting the proportion of web links from conference papers. They found that 2.7% of links targeting e-journal articles from a multi-disciplinary group were from conference papers or presentations. 

As introduced above, Goodrum, et al. (2001) compared highly cited computer science papers indexed by the ISI (via SCISEARCH) and CiteSeer, finding many similarities but significantly more conference proceedings amongst the highly cited CiteSeer papers (13%) than amongst the highly cited ISI articles (3%). Since CiteSeer’s data source is open access online computer science articles, this suggests that the web is a particularly valuable source of highly cited conference proceedings. Vaughan and Shaw (2003) classified a sample of 854 “Web citations” (mention of exact article titles in the text of Web pages) to library and information science journal articles, finding only 2.2% to be representative of intellectual impact (e.g., citations from online conference/workshop papers). This low figure undermines the case for using online citations for impact assessment. Both Vaughan and Shaw (2005) and Bar-Ilan (2005) conducted web-based citation analyses but did not report conference or workshop citing sources in a separate category, but merged them with other online papers so their figures are not reported here. In this context, note that in probably the most extensive academic link analysis classifications, Bar-Ilan (2004) had no categories for conferences. 
Kousha and Thelwall (2006) classified sources of 3,045 “URL citations” (mentions of exact article URLs in the text of web pages) targeting 282 library and information science journal articles, finding that 2.4% of URL citations were from conference or workshop presentation slides. A follow-up classification of reasons for creating 1,577 Google Web/URL citations (either Web citations or URL citations, as defined above) to open access journal articles in four science disciplines (biology, physics, chemistry, and computing) was based upon a content analysis of the citing sources (Kousha & Thelwall, 2007b). The results included 2.4% of citations from conference or workshop papers and 1.1% from online presentations (e.g., PowerPoint). In computing there were more citations from both conference papers and presentation files (8.7%), indicating that disciplinary differences are an important factor in number and types of online citing sources. A follow-up study analysed 1,530 Google Web/URL citations to open access journals in four social science disciplines (education, psychology, sociology and economics), finding 2.7% of citing sources to be from conference or workshop papers and 1.6% from online presentations (Kousha & Thelwall, 2007c).

Google Scholar is a well-known new source of citation information, combining web-based data and publishers’ archives (Friend, 2006). Kousha and Thelwall (2008) examined the publication type of sources of citations from Google Scholar that were not present in the ISI index in four science disciplines, finding that in computer science conference or workshop papers (43.2%) were the most common type. The results indicate that the type of unique citations from web documents varies significantly between hard science disciplines and support previous findings that conference papers in computer science were relatively frequently cited online (Goodrum et al., 2001).
In summary, presentations seem to form a small proportion (2.4%-8.7%) of all sources of online citations (of various types), with possibly only computer science enjoying close to 8.7% and with social science probably having more than the sciences.
Research Questions

We address the questions below to assess whether online presentations are trivial or potentially useful for impact assessment or evaluating research communication and to look for disciplinary differences in the results.    
1) Within science and the social sciences, are there sufficiently many online presentations that cite academic journals to conduct impact assessments of individual articles? Does the answer change if only presentations from academic web sites, e.g., .edu, are considered?
2) What proportion of journal names mentioned in online presentations within academic web sites represents intellectual impact? 
3) Are disciplinary differences significant for the above two questions and are there systematic differences between science and social science?

Note that although we are interested in all online presentations, for this research we consider only online PowerPoint presentations. Of course, many scholarly presentations are also available online in the form of abstracts or non-PowerPoint presentations (e.g., PDF, HTML), but the advantages of PowerPoint over other formats are that it is primarily a format for use in presentations, it is indexed by search engines, and it is widely used.

Research Design and Methods
The overall research design was to operationalise the concept of online presentations citing academic research in science or social science through PowerPoint files mentioning one or more journal names from selected disciplinary lists of journals, and then to use a commercial search engine to estimate the number of such files for each journal. For the second research question, human classification was used to decide upon the proportion of PowerPoint presentations that mention journals in a way that is useful for impact assessment. As described below, for the first question we used Google API (Applications Programming Interface) searches (Mayr & Tosques, 2005) and covered ten science and ten social science disciplines. The Google API allows the automatic submission of large numbers of queries (normally 1,000 per day) to Google via a computer program. The API results are derived from the Google database but are not the same as those obtained online – probably being fewer overall (Mayr & Tosques, 2005). For the second question we studied four additional science and four social science disciplines (not covered via the Google API searches) and conducted manual Google searches to locate Google unique results. Manual searches were used in preference to the Google API because the results had to be examined individually and so there was no advantage in using automatic searches.
Counting PowerPoint files citing journals
For the first research question we selected 10 science categories from the Thomson Scientific Science Citation Index (SCI) and 10 social science categories from the Thomson Scientific Social Science Citation Index (SSCI). Although these categories do not map exactly onto academic disciplines, they are a useful recognised source of research that is broadly from the same discipline. For each of these 20 categories, we extracted a list of all journals from the SCI and SSCI master journal lists, a total of 1,807, with the number per category varying from 30 to 206 (Appendix 1- Table 7). For any journal name containing an ampersand, we added the same journal name containing the word ‘and’; moreover any journal name containing ‘and’ was complemented with a similar name containing an ampersand in order to gain as many matches as possible from journal name searches. 

The combined list of journals was used to search for (a) all PowerPoint files containing the journal name and (b) all PowerPoint files containing the journal name in .edu sites. Google was chosen for extracting citations from PowerPoint files because our initial searches with Google, Yahoo! and Live Search for about one hundred journal titles showed that Google gave more results for the majority of journals. In addition, we used the API interface as a practical step to allow the submission of a large number of queries. Note that the Google API PowerPoint searches do not find all online presentations. In addition to the absence of non-PowerPoint presentations, commercial search engines cannot be expected to index the whole web (Lawrence & Giles, 1999) and so the Google API results should always be significant underestimates. Below is an example of a search for PowerPoint files from the edu domain citing the Scandinavian Journal of Statistics. Removing the site:edu ending gives the general “whole web” search used.
"SCANDINAVIAN JOURNAL OF STATISTICS" filetype:ppt site:edu

For each of the journals we manually checked the results to ensure that most of the matches referred to the journal itself and not a synonym. For example few of the PowerPoint search matches for the physics journal “Small” referred to this journal. Journals with fewer than 75% correct results were removed from the analysis. For journals with many matches we used only the first 50 to check the 75% rule. The proportion of rejected journals ranged from 8% (law) to 46% (political science).

Assessing the proportion of intellectual impact citations
For the second research question, we classified reasons for mentioning journals names in PowerPoint files. For this, we selected four new science subject areas (chemistry, mathematics, computing and multidisciplinary sciences) and four new social sciences (library and information science, anthropology, communication and social science). Our initial classification exercise showed that there are many false matches for journals with general names (e.g., Library and Information Science Research). Thus, we decided to ignore journals names with very general titles and only cover journals with unique titles. For instance, in many cases we selected only journal names if the word "journal" was explicitly mentioned in their titles. This helped us to keep the classification process manageable and to avoid retrieving too many unwanted results. Consequently, out of 590 journals indexed in ISI Journal Citation Reports (JCR) in the eight studied disciplines, we selected 262 journals (44%) for this part of study (Table 1). 
We also limited the PowerPoint searches to the .edu domain as a practical step. The American academic web space seems likely to contain a significant portion of the most useful scholarly-related presentations, and the smallest proportion of non-scholarly presentations. As shown in Table 1, the .edu domain in the eight subject areas covers about 30% of the relevant results. Note that we only classified unique Google results from the .edu domain (one result per site) to prevent possible duplicate hits from the same site and ignored the few false matches found. Since Google often gives two hits per site, this number was manually calculated based upon including only one result per site. This is a similar strategy to that applied in a previous web citation analysis study (Kousha & Thelwall, 2007a). 

Table 1. Disciplines, journals and PowerPoint sources selected for classification  

	# Unique Google results from the edu. domain (% edu of total results)
	# Google PPT results (two hits per site)
	# Journals selected
	# Journals in JCR
	Disciplines

	415 (28.3%)
	1466
	26
	55
	Library and Information Science

	91 (26.4%)
	344
	21
	44
	Communication 

	122 (26.4%)
	462
	23
	58
	Social Science-interdisciplinary

	70  (36.0%)
	194
	29
	53
	Anthropology

	115 (33.9%)
	339
	51
	51
	Multidisciplinary  Sciences

	19 (14.3%)
	133
	32
	56
	Chemistry-organic

	67 (25.0%)
	267
	45
	188
	Mathematics 

	479 (32.8%)
	1457
	35
	85
	Computer Science-artificial intelligence

	1378 (29.5%)
	4662
	262
	590
	Total


In order to identify the proportion of online PowerPoint files from the edu domain mentioning journal names in a context that represents intellectual impact, we classified reasons for mentioning journal names in all 1,378 unique .edu PowerPoint files (Table 1). We used three broad categories and seven sub-classes to examine: evidence for direct impact (1a and 1b below); indirect impact (2a and 2b); and non-scholarly reasons for mentioning journal names (3a, 3b and 3c). We considered mentioning a journal name as evidence of intellectual impact when citation information for one or more articles published in the desired journal was directly or indirectly cited for research purposes (categories 1 and 2 below).     
1) Direct impact: Evidence that an article from the studied journal has been mentioned in the form of an academic citation:
a) In the reference section at the end of a presentation. 
b) In the main text or as a footnote (e.g., for a quotation).
2) Indirect impact:  Evidence that an article from the studied journal has been mentioned for scholarly-related reasons, but not explicitly for academic citation reasons.
a) In a course reading list or syllabus.
b) As an additional/recommended/suggested source of information. 

3) Non-impact: No evidence that the journal has been mentioned for scholarly reasons.  

a) In a personal or institutional CV.
b) In a conference/workshop/report presentation based upon the journal article. 

c) As an example (i.e., in APA citation style) or other non-scholarly reasons (i.e., as research population, or in a list of journals from a publisher, or in a list of journals within a field. 

Results
Numbers of PowerPoint files citing journals

The results from the Google API searches for the usable journal names are shown in Table 2. The average number of PowerPoint files per journal found by Google ranged from 5 (Mechanics) to 320 (Business). As shown at the bottom of the table, there were about twice as many PowerPoint presentations per social science journal as per science journal, but the number in both cases is very low. Across all of the usable journals, the mean number of citing presentations was 6 but the median was only 1 because the distribution is highly skewed by a few popular journals. A corollary of this is that the general names of key science journals (Nature, Science) has led to their rejection due to too many Google false matches and significantly reduced the mean influence of Multidisciplinary Sciences in our data. Note also that some science journals (e.g., Nature) use abbreviated name forms for cited journals and hence some scientists may use the same forms in their presentations, which would not be found by our search method. A significant number of the citations did not represent intellectual impact, but were lists of journals in a subject field, for example in presentations made by libraries or by journal publishers. Thus the actual intellectual impact of individual articles in average journals in science and social science in online PowerPoint presentations is very low.
Table 2. Google API estimates of the number of PowerPoint files mentioning 
journal  names in ten science and ten social science disciplines.

	Subject
	Rejected
Journal

names
	#Edu

PowerPoint


	#All

PowerPoint
	Edu

PowerPoint

per journal
	All PowerPoint

per journal

	Agriculture, Multidisciplinary
	32%
	20
	143
	0.8
	5.7

	Biology
	24%
	337
	1197
	5.2
	18.4

	Biotechnology & Applied Microbiology
	37%
	528
	2012
	5.4
	20.7

	Ecology
	40%
	672
	1573
	9.5
	22.2

	Engineering, Civil
	23%
	119
	401
	1.6
	5.5

	Mechanics
	27%
	140
	457
	1.5
	5.0

	Multidisciplinary Sciences
	21%
	1313
	16729
	24.3
	309.8

	Nuclear Science & Technology
	31%
	68
	252
	3.1
	11.5

	Physics, Applied
	21%
	436
	1375
	6.0
	18.8

	Statistics & Probability
	20%
	776
	2759
	10.2
	36.3

	Business
	15%
	1744
	17941
	31.1
	320.4

	Economics
	29%
	1144
	5488
	7.7
	36.8

	Education & Educational Research
	41%
	832
	2723
	12.1
	39.5

	Geography
	20%
	83
	355
	2.2
	9.6

	Law
	8%
	246
	894
	2.5
	9.2

	Linguistics
	40%
	256
	1115
	6.6
	28.6

	Management
	29%
	1764
	18067
	28.0
	286.8

	Political Science
	46%
	222
	996
	4.3
	19.2

	Psychology, Clinical
	35%
	467
	1443
	7.9
	24.5

	Sociology
	43%
	326
	1120
	5.3
	18.1

	
	
	
	
	
	

	Science Subject Mean
	28%
	440.9
	2689.8
	6.8
	45.4

	Social Science Subject Mean
	31%
	708.4
	5014.2
	10.8
	79.3

	
	
	
	
	
	

	Science Subject Median
	26%
	386.5
	1286
	5.3
	18.6

	Social Science Subject Median
	32%
	396.5
	1281.5
	7.1
	26.5


Table 3 lists the top journals in the data set. Within the sciences, the most popular two journals (Scientific American and New Scientist) are popular magazines rather than general journals, but there are some specialist scientific journals, like Nature Biotechnology, that have a significant online presentation presence. In terms of social sciences, Harvard Business Review is also a magazine style publication with twenty times the PowerPoint impact of the next social science publication, American Economic Review, which is a prestigious academic journal. Clear themes in this table are the relatively high PowerPoint impact of the fields: Multidisciplinary Sciences; Economics, Business and Management (with a high overlap) and Biotechnology & Applied Microbiology. These are the fields where PowerPoint impact is most promising, except for Multidisciplinary Sciences, because of the dominance of magazine publications. The figures in Table 3 for Business and Management are inflated by Harvard Business Review, but the Economics figure of 36 online presentations per journal is, on average, a better guideline of what to expect, and this probably represents enough to conduct a reasonable comparative analysis of the impact of the contributions of journals but not individual articles in the subject.

Table 3. API estimates of the number of PowerPoint files mentioning journal names for the top 20 journals in the set

	Rank
	Edu
	#All
	Journal Name
	Subject Categories

	1
	1,020
	15,400
	Scientific American
	Multidisciplinary Sciences

	2
	796
	14,500
	Harvard Business Review
	Business
Management

	3
	140
	800
	New Scientist
	Multidisciplinary Sciences

	4
	146
	621
	American Economic Review
	Economics

	5
	104
	501
	Econometrica
	Economics
Statistics & Probability

	6
	133
	478
	Nature Biotechnology
	Biotechnology & Applied Microbiology

	7
	137
	388
	Academy of Management Review 
	Business; Management

	8
	70
	346
	Quarterly Journal of Economics
	Economics

	9
	94
	331
	MIS Quarterly
	Management

	10
	98
	320
	Phi Delta Kappan
	Education & Educational Research

	11
	81
	316
	BMC Bioinformatics
	Biotechnology & Applied Microbiology

	12
	91
	304
	Genome Biology
	Biotechnology & Applied Microbiology

	13
	97
	299
	Biometrika
	Biology
Statistics & Probability

	14
	57
	297
	Journal of Economic Literature
	Economics

	15
	69
	296
	Academy of Management Journal
	Business
Management

	16
	66
	295
	PLOS Biology
	Biology

	17
	82
	293
	California Management Review
	Business
Management

	18
	74
	285
	Journal of Economic Perspectives
	Economics

	19
	85
	264
	Nature Materials
	Physics, Applied

	20
	82
	263
	Administrative Science Quarterly
	Business
Management


ISI Impact Factors
We conducted a further analysis in order to compare ISI Impact factors with PowerPoint citation ranks for the top 20 journals. As shown in Table 4, 13 journals (65%) have high impact in the sense of being ranked 1-10 in the Journal Citation Reports (2006) for the relevant subject category. Moreover, 7 journals (35%) are ranked 1 or 2. This suggests that relatively high ISI impact journals tend to also have high PowerPoint citation impact. Nevertheless, the number of journals with low ISI rank and many PowerPoint citations shows that PowerPoint citations do not measure the same thing as ISI citations, even at the level of whole journals. This is mainly because PowerPoint citations to popular academic journals or magazines (i.e., those aimed at a wider audience than just academics) are relatively numerous compared to academic citations, so PowerPoint citations ‘measure’ a degree of wider impact in addition to academic impact. 

Table 4. ISI Impact Factor ranking for the 20 journals with the most citations from PowerPoint files (see Table 3 for subject categories).  
	Ranking based upon the number of PowerPoint citations 
	Impact Factor ranking within subject category 
	Impact Factor 2006

	1. Scientific American
	8
	1.560

	2. Harvard Business Review
	16
	1.505

	3. New Scientist
	39
	0.193

	4. American Economic Review
	14
	1.876

	5. Econometrica
	10
	2.402

	6. Nature Biotechnology
	2
	22.672

	7. Academy of Management Review 
	2
	4.515

	8. Quarterly Journal of Economics
	2
	3.938

	9. MIS Quarterly
	1
	4.731

	10. Phi Delta Kappan
	85
	0.241

	11. BMC Bioinformatics
	24
	3.617

	12. Genome Biology
	9
	7.172

	13. Biometrika
	39
	1.014

	14. Journal of Economic Literature
	1
	4.667

	15. Academy of Management Journal
	4
	3.353

	16. PLOS Biology
	1
	14.101

	17. California Management Review
	20
	1.429

	18. Journal of Economic Perspectives
	6
	2.833

	19. Nature Materials
	1
	19.194

	20. Administrative Science Quarterly
	6
	2.455


The proportion of intellectual impact citations

Tables 5 and 6 give the results of the classification exercise. Note that the total number of classified reasons for mentioning journals names is 1,465 (87 more than 1,378) because in a few cases journal names were mentioned more than once in a single PowerPoint file for different reasons and so we occasionally recorded multiple classifications.
      Table 5 shows that in the four social science disciplines a majority of journal names were cited in reference sections or main texts (43% and 18% respectively) and hence could be used as direct impact evidence. Moreover, a few more (14.6%) of the results could also be valued as evidence of indirect impact – mainly educational impact. These latter citations could also be described as scholarly-related (see Kousha & Thelwall, 2007b). Consequently, our results indicate that in the four social science disciplines 75% of the PowerPoint citations represent "intellectual impact" (merging the direct and indirect impact categories in Table 4) and can be used for impact assessment.
Table 5 includes no real disciplinary differences in the percentage of direct, indirect and non-impact citations. However, combining data from tables 5 and 1, in library and information science the number of PowerPoint citations representative of intellectual impact (direct and indirect) per journal is much higher (351/26=13.5) than in communication (3.6), social science (3.9) and anthropology (1.8). The results suggest that library and information (LIS) professionals are more willing to deposit their PowerPoint files online, perhaps in order to disseminate their research results. Another reason might be that LIS professionals more explicitly cite journal articles in the text of their presentations, perhaps because of the importance of citations in LIS for scientometrics and serials management. This suggests different citation presentation behaviour in LIS. However, more research is needed to understand how this kind of information literacy or citation creation behaviour might influence web-based citation indicators. 
Table 5. Classification of reasons for mentioning social sciences journal names in PowerPoint files from the edu domain.
	Total number of citations
	Non-impact evidence
	Indirect impact
	Direct impact
	       Citation reason 

Disciplines

	
	Other (examples, research population) 
	Duplicate research
	Citation in CV
	Recommended/suggested sources 
	Citation in course reading list
	Citation in text body (i.e., quotes) 
	Citation in reference section
	

	458 (100%)
	76 

(16.6%)
	11 

(2.4%)
	20

 (4.4%)
	46

 (10.0%)
	33

 (7.2%)
	70 (15.3%)
	202 

(44.1%)
	Library and Information Science

	103 (100%)
	20
(19.4%)
	3

(2.9%)
	3

(2.9%)
	8

(7.8%)
	6

(5.8%)
	19 (18.4%)
	44

(42.7%)
	Communication

	130

(100%)
	32

(24.6%)
	3

(2.3%)
	4

(3.1%)
	7

(5.4%)
	6

(4.6%)
	30

(23.1%)
	48

(36.9%)
	Social Science 

	72

(100%)
	13 

(18.1%)
	2 

(2.8%)
	4 

(5.6%)
	3 

(4.2%)
	2 

(2.8%)
	16 (22.2%)
	32 

(44.4%)
	Anthropology

	763

(100%)
	141

(18.5%)
	19

(2.5%)
	31

(4.1%)
	64

(8.4%)
	47

(6.2%)
	135 

(17.7%)
	326 
(42.7%)
	Total 


       Table 6 shows that in the four science disciplines 74% of PowerPoint citations represent intellectual impact, which is very similar to the four social science disciplines. Most surprisingly, in organic chemistry, only 20 PowerPoint files were retrieved from the .edu domain for 32 journal titles. This result suggests that chemistry researchers, or their conferences, rarely deposit PowerPoint files online. This may relate to previous findings in the same subject areas that the reception of e-prints and e-archiving by authors is very poor (Brown, 2003) and chemists are not taking full advantage of freely available Web-based resources (Brown, 2007). Other reasons might be that presentations are not popular or important amongst chemists, or that they tend to use a different file format. This also supports previous findings based upon Google Scholar citation analysis that chemists have a high dependency on journal publications compared to conference papers and eprints, at least on the web, (Kousha & Thelwall, 2008).
In contrast, in computing (artificial intelligence) the number of PowerPoint citations per journal is about 14 (479/35) which is much higher than chemistry (0.6), mathematics (1.5) and multidisciplinary sciences (2.6). Although there are no remarkable differences in the percentage of intellectual impact (direct/indirect impact) in the three science disciplines, in computing the total number and percentage of teaching reasons for mentioning journal names is much higher than in the other subject areas. Table 6 shows that about 11% of computing PowerPoint citations were created for teaching purposes (syllabus or course reading list), compared to chemistry (0%), mathematics (0%) and multidisciplinary sciences (0.4%). It may be that the web contains more teaching-related material in computing or that computer professionals are more willing to put their presentations online, but in the other studied science subject areas perhaps research is rarely directly tied to teaching or cited in presentations. 

Table 6. Classification of reasons for mentioning ISI-indexed science journals in PPT files from the .edu domain.
	Total number of citations
	Non-impact evidence
	Indirect impact
	Direct impact
	          Citation reason 

Disciplines

	
	Other (examples, research population,…) 
	Duplicate research
	Citation in CVs
	Recommended/suggested sources (i.e., in workshop presentation)
	Citation in course reading lists
	Citation in text body (i.e., quotes) 
	Citation in reference section
	

	133 (100%)
	18 

(13.5%)
	2 

(1.5%)
	5

 (3.8%)
	12

 (9.0%)
	4

(0.4%)
	24

 (18%)
	68

(51.1%)
	Multidisciplinary  Sciences

	20

 (100%)
	7

 (35%)
	0

 (0%)
	1

 (5%)
	0 

(0%)
	0

 (0%)
	3

 (15%)
	9

 (45%)
	Chemistry-organic

	70

 (100%)
	25 

(35.7%)
	0

 (0%)
	6

(8.6%)
	4 

(5.7%)
	0

 (0%)
	13 

(18.6%)
	22 

(31.4%)
	Mathematics

	479 

(100%)
	65 

(13.6%)
	28

(5.8%)
	27 

(5.6%)
	45 

(9.4%)
	53

 (11.1%)
	57 

(11.9%)
	204 

(42.6%)
	Computing- artificial intelligence

	702

(100%)
	115

(16.4%)
	30

(4.3%)
	39

(5.6%)
	61

(8.7%)
	57

(8.1%)
	97

(13.8%0
	303

(43.2%)
	Total


Limitations
In general, the limitations of our methods mean that the figures reported must be seen as lower limits for the extent of citation in presentation files, but it is not clear how much of an underestimate these lower limits are. The main limitation is that the searches only cover PowerPoint presentations and therefore excludes presentations placed online in formats that are not PowerPoint. It seems that it would not be possible to construct a search that would reliably identify presentations in other multi-purpose formats (e.g., PDF, HTML) that are sometimes used for presentations. This is a particular problem because disciplines tend to follow conventions in their document formats, so it would not be safe to assume that the same percentage of PDF presentations, for example, would be the same in each discipline. On the contrary, it may be that there are few LIS PDF presentations but that the majority of Physics presentations are prepared in PDF format. Hence, comparisons between disciplines are problematic on the basis of the results gathered here. Ideally, further work should investigate disciplinary practices for presentation file formats to set the results here in context.

Our searches also only retrieve the exact journal titles (as appeared in the title page) in the presentations files, thus any other abbreviated journal names (e.g., J Econ Lit) are not included in our results. This is a generic problem that previous web citation analysis has also faced. Moreover, whilst some presentations include full references in footnotes or in a list on the final slide, others may omit them altogether, perhaps assuming that the listener can find them in a published conference proceedings version of the talk or that the references are not important. In addition, only the PowerPoint files found and reported by Google are included, an unknown proportion of those available on the web. More results could be gained by using a combination of search engines but since there are overlaps between search engines it seems likely that the results would not double if the other two major search engines were also used and the results combined.
A third important limitation, which applies when extrapolating our results to the presentation cultures of disciplines, is the likely variable rates for placing presentations online between disciplines. Hence it would not be fair to generalize from PowerPoint files to presentation cultures, unless future research could demonstrate similar propensities to publish presentations online. It seems more likely, however, that disciplines with more computing knowledge and with more importance attached to presentations would have a higher proportion of their presentations online.
Finally, the second research question uses the .edu domain (mainly U.S. universities) as a method for identifying predominantly academic presentations excludes (U.S. and other) presentations hosted in professional society web sites, special purpose conference web sites and presentation sharing sites. According to Google, the .edu domain hosts about 15% of all PowerPoint presentations (10,200,000 for the whole web and 1,580,000 for .edu on November 2007). It is not clear whether our method could be modified to incorporate such a wide variety of additional sources in a practical way, but it may be possible if restricted to a single discipline.
Conclusions
Our study is the first attempt to examine the application of online presentations as a source for impact assessment and some broad conclusions can now be reached. First, the discovery that about 30% of the PowerPoint citing sources in the eight subject areas were from the edu domain (Table 1), suggests that academic web sites (and .edu in particular) have a significant role in hosting online presentations, and therefore that any global analysis of PowerPoint files citing journals is likely to produce result of interest to the academic community in particular. 

There were some disciplinary differences in the results, but they were relatively minor. In two subject categories (computing and library and information science) there were relatively many PowerPoint citing sources compared to the others (Table 1). This difference may be useful to help illuminate disciplinary differences in the role of presentations in the scholarly communication cycle. For instance, the huge difference in the number of .edu PowerPoint files citing computing (479) in comparison to chemistry (19) suggests that the web can be used for evidence of differences in the role of presentations within disciplines – if it can be shown that the number of online presentations is a reasonable reflection of the number and importance of presentations overall - as well as to investigate further the role of presentations in disciplines that place many online. On the contrary in chemistry it seems that authors have the classic dependency on journal publication, perhaps to the virtual exclusion of conference papers (Kousha & Thelwall, 2008). However, another reason might be that computer science and LIS professionals are more willing to put their presentations online and to publicise their research results as a significant informal scholarly communication mechanism (Fry, Virkar, & Schroeder, 2006) or they more frequently cite (directly or indirectly) related sources in the presentation files. In this case it may be that other disciplines will start to follow suit in the future, or that other events will take over, such as routine depositing of conference presentations in university or disciplinary digital repositories. Conversely, there may be technological solutions that allow researchers to place their presentations online in formats other than PowerPoint, so that they could not be found (e.g., show.zoho.com), or it may be that many institutional archives prevent full-text searches of their PowerPoint files.
The classification of reasons for mentioning academic journal names in PowerPoint files from the edu domain showed that the majority of them (about 75%) were representative of intellectual impact. The comparison of ISI ranks with the ranks for PowerPoint citations shows significant differences, such as much higher PowerPoint ranks for popular magazine style journals, suggesting that PowerPoint citations equate to a different kind of impact, perhaps one that incorporates a degree of wider academic and educational popularity. Compared to previous web citation exercises from the whole web (Vaughan, & Shaw, 2003 and 2005; Kousha & Thelwall 2007b and 2007c), which showed that about 30% of web citations were representative of intellectual impact, our PowerPoint citation extraction method produced much more direct evidence of academic impact, although it produced much less data overall, which makes it inadequate for the impact assessment of individual articles, but potentially useful for the evaluation of entire journals.

Appendix

Table 7. Science and social science subject categories selected for the first data set.
	Category
	Journals

	Statistics & Probability
	93

	Agriculture, Multidisciplinary
	36

	Biology
	83

	Biotechnology & Applied Microbiology
	140

	Ecology
	115

	Engineering, Civil
	89

	Mechanics
	114

	Multidisciplinary Sciences
	66

	Nuclear Science & Technology
	30

	Physics, Applied
	91

	Geography
	41

	Business
	66

	Economics
	206

	Education & Educational Research
	112

	Law
	104

	Linguistics
	58

	Management
	84

	Political Science
	93

	Sociology
	100

	Psychology, Clinical
	86
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