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Abstract:
The impact of published academic research in the sciences and social sciences, when measured, is commonly estimated by counting citations from journal articles. The Web has now introduced new potential sources of quantitative data online that could be used to measure aspects of research impact. In this article we assess the extent to which citations from online syllabuses could be a valuable source of evidence about the educational utility of research. An analysis of online syllabus citations to 70,700 articles published in 2003 in the journals of 12 subjects indicates that online syllabus citations were sufficiently numerous to be a useful impact indictor in some social sciences, including political science and information and library science, but not in others, nor in any sciences. This result was consistent with current social science research, in general, having more educational value than current science research. Moreover, articles frequently cited in online syllabuses were not necessarily highly cited by other articles. Hence it seems that online syllabus citations provide a valuable additional source of evidence about the impact of journals, scholars and research articles in some social sciences.
Introduction
During the past decade many studies have investigated the link between research and teaching in higher education (e.g., Jenkins, Healey & Zetter, 2007; Robertson & Bond, 2001). For instance, it is still not clear whether the research undertaken by academics adds value to teaching and student learning. There seems to be little or no statistical relationship between the research and teaching ratings of individual academics (e.g., Hattie & Marsh, 1996) despite interviews and questionnaires of academics and students often indicating a strong belief in a symbiotic relationship between research and teaching (e.g., Smeby, 1998). At the level of whole academic departments, several studies in the U.K. indicate that there is a significant correlation between Research Assessment Exercise (RAE) and Teaching Quality Assessment (TQA) scores, although this does not necessarily indicate that research quality drives teaching quality (e.g., Drennan & Beck, 2001). Because of these contradictory findings, there is still a debate about the link between research and teaching and the role of disciplinary differences within this issue (Robertson, 1999; uz Zaman, 2004). 
Despite the above-mentioned debate, there is no systematic evidence about how disciplinary research articles (subject-specific research rather than educational research) have influenced teaching. In particular, it is not known whether there is a relationship between the research value of articles (e.g., as measured by citation counts) and their importance for teaching. If research papers noticeably influence the teaching process and usefully convey current knowledge to students then it is important to understand their teaching impact across different academic fields.  If there are disciplinary differences in the extent to which journal articles are useful in education, then some fields could make a case for the enhanced value of funding their research because of its additional utility for teaching. Similarly, if some journals are particularly relevant in education then publishers could make a case for their importance on this basis, rather than relying on citation indicators.

We propose a new method of extracting information about the impact of research in education: the counting of citations from online syllabuses and course reading lists. Many educators seem to post syllabuses online, making this a potentially valuable source of information. Syllabuses may be a unique indicator of the teaching and learning process since they typically list course topics, goals, class readings and other useful information. In particular, online syllabuses can be used to identify articles that are recommended by lecturers for their students to read. Since citations in journal articles are recognised as evidence of scholarly impact (Merton, 1973; Borgman & Furner, 2002), it seems that citations in course reading lists or syllabuses could be evidence of the educational impact of academic publications. 
Literature review

The link between research and teaching has been described as the ‘teaching-research nexus' (Neumann, 1994), and there are frequent discussions of ‘research-led’, ‘research-based’, ‘research oriented’ or ‘research-informed’ teaching (Griffiths, 2004). Several meta-analyses studies have examined the relationship between research and teaching at the level of individual academics or departments, reporting no or little relationship between the quality of teaching and research (e.g., Feldman 1987; Allen, 1995; Hattie and Marsh, 1996). However, many qualitative studies (e.g., interviews and questionnaires) based upon student or faculty perceptions indicate a common belief that involvement in research enhances teaching (Jensen, 1988; Smeby, 1998).

Finally, although many studies have examined whether research undertaken by lecturers adds value to their teaching, it is not known how published disciplinary research articles influence teaching.
Online Syllabus Analysis 

An academic syllabus describes different aspects of a course, ranging from its goals and assessments to its time schedule and required facilities and resources (Johnson, 2006). More generally, a syllabus indicates the "instructor's teaching philosophy and perceived identity" (Thompson, 2007). Traditionally, the syllabus has been a tool for improving classroom communication (Smith & Razzouk, 1993). It provides details about the roles of both students and instructors in the learning and assessment process (Habanek, 2005) and acts as a teaching contract between them (Parkes & Harris, 2002). A well-structured syllabus can lead to more effective teaching and leaning (Behnke & Miller, 1989). 
A few previous studies have used syllabuses for evaluative purposes. Albers (2003), for instance, discussed the value of syllabuses to map scholarship and the effectiveness of teaching and Seldin (1998) claimed that there was a trend towards academic deans using course syllabuses to evaluate faculty teaching. Some investigations have also used syllabuses for large-scale evidence of the spread of particular topics in university teaching. Kerr, Patti and Chien (2004), for example, analysed academic syllabuses in 30 Australian universities and five New Zealand universities in order to explore how far Integrated Marketing Communication (IMC) concepts had reached university learners. Similarly, Stapleton and Leite (2005) examined 55 structural equation modeling course syllabuses in the social sciences to assess how many graduate courses offer this statistical technique. 

Web-based copies of syllabuses seem to have become popular over the past decade. For example, there was a 25% increase from 1996 to 1999 in U.S. college faculty utilizing Web resources in their class syllabuses (Web-based Education Commission, 2000 as quoted in Bonk, 2001. p.14). Bonk (2001) studied attitudes of college instructors to Web-based instructional tools, resources, and activities, finding that the highest rated tool for college instructors was the online syllabus.
Because of the value of syllabuses in teaching, much has been written about their structure and the content, including some specifically online research. For example, using a checklist approach, Welsh (2000) studied online syllabuses in five departments within the University of Tennessee College of Communications and graded them based on a 100-point scale, finding that the higher the percentage of department courses with online syllabi, the higher the average quality of those syllabi. 
Williams, Cody, and Parnell (2004) examined 253 online syllabuses in thirty-four disciplines for library use analysis, finding that 41% used the library for required research papers, projects, reports, and speeches. The results indicated the potential use of online syllabuses for library collection development. Similarly, Hrycaj (2006) analysed 100 online syllabuses for introductory library skills courses at various U.S. colleges and universities. These online syllabuses were analysed for subject content, assessment techniques and teaching methods. The “Information Literacy Competency Standards for Higher Education,” created by the Association of College and Research Libraries (ACRL), were utilized as a framework for categorizing and placing into context the subject content of the syllabuses. Results showed that information access and the evaluation of information sources, which are the focus of ACRL Standards, were the dominant subject matter.
Evidence of Online Teaching Impact

Although no study has directly focused on online quantitative assessment of the impact of research on teaching, several investigations have reported the proportion of Web citations or links created for teaching purposes (see below). The key aim of these studies was to classify reasons for including Web citations (exact article titles or URLs in the text of Web pages) or links to journal articles, links to university Web sites or even invocations of academics' names.

In terms of hyperlinks, Wilkinson, Harries, Thelwall & Price (2003) classified 414 U.K. inter-university links, finding that 1.7% were created for "student learning material". Similarly, Bar-Ilan (2005) categorized the intentions of link creators for 1,332 Israeli inter-university links, finding that 13.5% of the links were created for "educational reasons" (courses, lists of courses, syllabuses). 

Cronin, Snyder, Rosenbaum, Martinson, and Callahan (1998) conducted one of the first Web page classification exercises, using 11 categories (including syllabuses) in order to examine why the names of highly cited academics were mentioned in Web pages. The result showed that all five professors’ names were “invoked on the Web” in online syllabuses, although none in more than five different syllabuses. 

Concerning the creation of online resources in teaching, Jepson, Seiden, Ingwersen, Björneborn & Borlund (2004) used six categories to classify the content of 600 URLs retrieved by searching three domain-specific topics related to plant biology on the Web. A domain expert evaluated a selection of the retrieved URLs. For each topic, 100 URLs from two language groups, including English and Scandinavian, were selected at random and assessed. The results showed that 14.3% of English URLs and 24% of the Scandinavian URLs contained content developed in relation to teaching. 

In terms of direct connections between research publications and teaching, Harter and Ford (2000) examined Web links to early e-journal articles, finding that only about 2% of the links were from academic courses. Vaughan and Shaw (2003) searched for "Web citations" (exact article titles in Web pages) so these counts could serve as impact indictors for journals. They used a commercial search engine and phrase searches for article titles to count the number of times the articles were mentioned online. A classification of 854 Web citations targeting articles in eight sampled library science and information science journal volumes from 1997 showed that 12% of the Web citations were created for teaching purposes (e.g., academic course reading lists). They considered this type of Web citation to be evidence of "intellectual impact." In a subsequent study Vaughan and Shaw (2005) applied similar methods for more disciplines and journals, including 114 journals in biology, genetics, medicine, and multidisciplinary sciences. They classified a sample of 2,147 sources of Web citations, finding that in biology 1.5%, in multidisciplinary sciences 2.7% and in both genetics and medicine about 2% of Web citations were created for teaching reasons (Vaughan & Shaw, 2005). The Web citation teaching impact in the above four science disciplines was remarkably lower than the 12% for library science and information science, suggesting that disciplinary differences are significant in the use of journal articles in teaching.

Using a different method to track the online impact of academic articles, Kousha and Thelwall (2006) found that 5.2% of URL citations (article URLs in the text of Web pages) targeting 282 library and information science journal articles were from class reading lists embedded in online syllabuses. 

In order to examine whether disciplinary differences were a key factor in Web citation creation motivations, two studies were conducted of four science (biology, chemistry, physics and computing) and four social science (education, psychology, sociology and economics) disciplines. In the four science disciplines only 0.6% of the unique Web/URL citations (mentions of electronic journal article URLs or titles in the text of Web pages) were from course reading lists and syllabuses (Kousha & Thelwall, 2007b), however in the four social science disciplines the figure was much higher at 7.1% (Kousha & Thelwall, 2007c). 

Table 1, summarising the above findings, shows that there are remarkable disciplinary differences in science and the social sciences in terms of the proportion of citations, invocations or hyperlinks associated with teaching. In particular, it suggests that the proportion of teaching-related Web resources of various types related to a research field tends to be higher in the social sciences. Nevertheless, this falls short of proving that there are more teaching-related Web resources in the social sciences because it may be the case that there is more Web publishing overall in the sciences. Similarly, it does not prove that social science articles are more frequently used in teaching than science articles for the same reason, and also does not address the questions of whether there are enough syllabus citations of journal articles to make impact measures based upon them viable, nor whether it is practical to collect such data.
Table 1. Evidence of online teaching impact in the previous Web classification studies

	Study 
	Web object studied 

	Discipline or Web domain
	% Evidence for intellectual teaching-related impact

	Cronin et al. (1998)
	Names of highly cited academics
	No specific discipline
	2.4%

	Harter and Ford (2000)  
	Links to e-journal Web sites
	No specific discipline
	2%

	Vaughan and Shaw (2003)
	Web citations to journal articles

	Library and Information Science

	12%

	Wilkinson et al. (2003)
	Links between university Web sites
	U.K. university Web sites
	1.7%

	Jepson et al. (2004)
	Searched URLs 
	three domain-specific topics in plant biology
	English
	Scandinavian

	
	
	
	14.3%
	24%

	Vaughan and Shaw (2005)
	Web citations to journal articles

	biology, genetics, medicine, and multidisciplinary science
	Biology
	Medicine
	Genetics
	Multidisciplinary 

	
	
	
	1.5%
	2%
	2%
	2.7%

	Bar-Ilan (2005)
	Link target pages in academic Web sites
	Israeli academic Web sites
	13.5%

	Kousha and Thelwall (2006)
	URL citations to e-journal
	Library and Information Science
	5.2%

	Kousha and Thelwall (2007b)
	Web/URL citations to journal articles
	Four science disciplines 
	Biology
	Chemistry
	Physics
	Computing

	
	
	
	0%
	0.6%
	0%
	1.6%

	Kousha and Thelwall (2007c)
	Web/URL citations to journal articles
	Four social science disciplines 
	Economics
	Sociology
	Education
	Psychology

	
	
	
	2.4%
	8.5%
	11.5%
	6%


Research questions

The overarching objective of this research is to decide whether citations in online syllabuses and class reading lists are a valuable new data source for investigating the impact of academic publications. The following research questions operationalise this objective in three specific ways.

1. Is the number of citations from online syllabuses and reading lists to academic journals sufficiently numerous to be worth investigating as a source of intellectual impact? 

2. Does the answer to (1) depend upon the academic discipline investigated?

3. Are there articles that are highly cited in the ISI (Institute for Scientific Information, currently Thomson Scientific) database but not by online syllabuses and reading lists, and vice versa?

Research design and data collection 

In order to investigate the first two research questions we chose a range of ISI subject categories, both sciences and social sciences. This list is available in Table 2, with the exception of Education, for reasons described below. For the purpose of the study we selected research articles (omitting reports, editorials, book reviews, etc.) published in the year 2003, a total of 70,700 articles from all journals in the studied categories (excluding Education). This year was selected in order to allow sufficient time to accrue significant citations, but not so much time that the research was likely to have become obsolete. For all of the chosen subject categories we downloaded complete lists of all 2003 articles from all journals in the category. We downloaded all information provided by the ISI Web of Science for each article, including title, author names, pages and journal name.


In order to identify online syllabuses or reading lists citing journal articles we experimented with different search engine queries. The most effective searches for obtaining relevant documents were syllabus and “reading list.” Although on their own these searches (particularly the latter) tend to generate false matches, when used in conjunction with an academic search (see below) they tended to be quite accurate. A range of other searches were tried such as “course readings” and “class readings” but the two selected searches gave significantly more results than all the other searches combined. It was not practical to use more than two searches for the technical reasons given below.


We experimented extensively with different methods to automatically construct searches for Web citations of the articles in the ISI list. It was impossible to construct a single search style that worked for all articles for two reasons. First, there is a search length limit (150 characters for Live Search) that prevents the inclusion of all normal citation information (e.g., author names, article title, journal name) in some cases and so only partial information could be used. Second, it was not possible to select a standard set of partial information because different parts were most distinctive in various cases. For example, the journal names Science and Nature, the author names Smith and Chen, and short article titles like Video Retrieval would give little help in identifying citations.


The method eventually adopted was an algorithm that for each article constructed a query using the following information, in the order given below, up to a maximum of 149 characters, keeping one character spare (unnecessarily).
1. (syllabus OR "reading list")
2. The last name of the first author.
3. Up to the first 50 characters of the journal name, truncating at the end of a whole word and surrounded by quotes.
4. As much of the article title as would fit, truncating at the end of a whole word and surrounded by quotes. Problematic characters in the title, such as quotes, were excluded.
5. Co-author last names (as many as possible).
6. 2003
7. The publication volume number.
In the sciences it is common practice to use abbreviated journal names and so for each article we ran two searches, one with the full journal name and one for its ISI abbreviation (when present). Each query was submitted to each of the three search engines: Google, Live Search and Yahoo! via their applications programming interfaces (APIs) at the maximum rate permitted between November 3, 2007 and December 22, 2007. The results of the three search engines were then combined to give the maximum possible coverage. Note that the APIs do not give the same results as the normal Web interfaces of these search engines, perhaps because they are configured separately, but the APIs tend to give similar numbers of results and so are a reasonable choice (Mayr & Tosques, 2005; McCowan & Nelson, 2007).


Some examples of the automatically constructed searches are given below, and note that the syntax for Live Search includes brackets, which are not necessary for the other search engines. The searches begin the same, except that the second omits the brackets used for Live Search. The first search includes the minimum information: author name, journal title and the first part of the article title: the remainder of the information is omitted due to a lack of space (145 characters). The second search has a shorter title and hence can additionally include two further authors (149 characters). The third search has relatively short journal and article titles but only has one author so includes the year and volume number instead (117 characters). The third search uses all the available information.
· (syllabus OR "reading list") Kalivas "WATER RESOURCES MANAGEMENT" "A GIS for the assessment of the spatio-temporal changes of the Kotychi Lagoon"
· syllabus OR "reading list" Johnson "SOCIAL SCIENCE QUARTERLY" "Language choice residential stability and voting among Latino Americans" Stein Wrinkle
· (syllabus OR "reading list") Williamson "SPACE POLICY" "Space ethics and protection of the space environment" 2003 47

We had initially planned to search for many different relevant phrases, rather than just syllabus and “reading list” but this proved impractical because it would have at least doubled the number of searches to use without a significant gain in data. The searches could not have been added to those used (i.e., combined within the queries) without going over the query length limit or rendering the queries imprecise.


We took a shortcut to reduce the number of queries to the minimum. This was to initially search for syllabus OR “reading list” 2003 combined with the journal name. If this query returned zero hits then searches were not executed for any of that journal’s articles. In many social science cases the abbreviated journal name returned zero hits and so this significantly reduced the number of queries needed (from a theoretical 70,700 x 6 = 424,200, plus extra searches for cases with multiple results pages). We were also concerned that long queries would not be processed properly by the search engines because of their length. Testing with shorter queries revealed no evidence of this and so the long query strategy (i.e., up to 149 characters) was retained.

Finally, after combining the results of the search engines the online citation count used was the number of unique Web site domains (i.e., Internet domain names) represented amongst the Web site URLs. This statistic is preferable to URL counts because similar pages are often replicated within the same site with slightly different URLs: for example syllabuses for the same course for different years are sometimes stored on university Web servers. Very approximately, this means that the domain count is of departments rather than documents citing the articles. Similar arguments have been used in other cases (e.g., Kousha & Thelwall, 2007a; Thelwall & Harries, 2004).
The above process worked well for all subjects except Education. Many of the Education searches returned a large numbers of false matches. This was because some education researchers had the word ‘syllabus’ in some article titles and listed all their articles in their online CVs. As a result all of the articles of these researchers from 2003 incorrectly matched the searches used. This problem was so extensive that it was impractical to gather the raw data on Education from search engines because there were too many matches. Consequently, the Education category was abandoned on the grounds that it was impractical to assess its syllabus citations online. 


The third research question was addressed through a case study of the Information Science & Library Science category through an examination of articles that are highly ISI-cited and highly cited in syllabuses. A case study approach was used to allow a discussion of the reasons for any differing citation levels, which would be more informative than correlation statistics.
Data Checking
The strategy used above to identify citations sometimes produced false matches: either incorrectly identifying a syllabus as citing an article or incorrectly identifying a Web page as being a syllabus. Two manual steps were taken to deal with these issues.


First, false article matches were identified. After testing, the false article matches seemed only to occur when short queries were used. Hence we manually checked all the short queries with length under 100 characters, eliminating those with a majority of incorrect results. As a safeguard, the most highly cited 20 articles in each category were also checked.


Second, the proportion of non-syllabus documents was estimated separately for each subject. For this purpose we took a random sample of about 100 URLs from each subject and visited them to categorise them as a syllabus or non-syllabus document. A syllabus was defined as a Web page targeted at the students of one or two courses and either explicitly describing itself as a syllabus or otherwise containing a list of at least three reading items. This definition is broad enough to include class reading lists but it excludes general purpose bibliographies in order to keep the focus on citations directly used in education. The single most common cause of false matches (about 30%) was the Web site of Eugene Garfield’s HistCite software. This included many large pages listing many related articles as part of a bibliometric exercise, for example to track the evolution of terrorism research.
Results
Table 2 reports the main findings with the first four data columns reporting the ISI citation data for the twelve subjects. The fifth column reports the total number of articles remaining after removing any with false matches for the Web syllabus searches. The sixth column reports the total number of Web citations found using the algorithm described above, combining the three search engines and counting unique domains rather than unique URLs. The seventh column reports the remaining Web citation after eliminating those manually identified as incorrect in the sense of not citing the relevant article. The next column reports the estimated proportion of correct Web citations that were manually judged to be syllabuses or course reading lists (from a sample of about 100 from the subject). The penultimate column reports the main result: the estimated number of correct Web syllabus citations per article. This is obtained by multiplying the correct Web citations figure by the estimated percentage of syllabus citations and dividing by the number of articles (column 5 rather than column 1). The final column expresses the Web syllabus citations per article as a percentage of the ISI citations per article.
Table 2. The Web citations in syllabuses and reading lists for each subject for articles from 2003. 
	ISI Subject Category
	Articles
	ISI cites
	ISI cites per article
	Web

cites
	Correct Web cited articles
	Correct

Web

cites
	Estim-

ated %

of sylla-

buses/ reading lists
	Correct Web syllabus cites per article
	Correct Web syllabus cites /

ISI cites

	Chemistry, Analytical
	12,644
	101,796
	8.05
	113
	12,644
	113
	9%
	0.0008
	0.01%

	Physics,

Multidisciplinary
	10,447
	50,160
	4.77
	168
	10,441
	142
	19%
	0.0026
	0.05%

	Engineering, Civil
	5,631
	14,424
	2.57
	233
	5,622
	123
	33%
	0.0071
	0.28%

	Mathematics
	12,952
	26,372
	2.04
	303
	12,951
	302
	8%
	0.0019
	0.09%

	Biology
	4,663
	34,196
	7.33
	339
	4,663
	339
	45%
	0.0327
	0.45%

	Multidisciplinary

Sciences
	9,176
	278,262
	30.64
	5,261
	9,082
	1,872
	61%
	0.1249
	0.41%

	Computer Science,

Software Engineering
	3,764
	10,661
	2.84
	958
	3,757
	931
	34%
	0.0852
	3.01%

	Social Sciences,

Interdisciplinary
	1,886
	5,438
	2.89
	1,661
	1,879
	820
	69%
	0.3018
	10.47%

	Management
	2,873
	14,491
	5.05
	2,130
	2,872
	2,125
	64%
	0.4708
	9.34%

	Business
	1,968
	7,789
	4.03
	3,279
	1,932
	1,480
	67%
	0.5107
	12.90%

	Information Science

& Library Science
	2,022
	5,975
	3.00
	3,277
	1,987
	1,853
	32%
	0.3028
	10.25%

	Political Science
	2,674
	5,857
	2.23
	5,061
	2,624
	2,987
	19%
	0.2143
	9.78%


Case study IS&LS

Table 3 contains a breakdown of the top 20 Web syllabus-cited IS&LS (Information Science & Library Science) articles from 2003, and Table 4 reports the top ISI-cited articles from the same period. It is clear that the articles most cited by Web syllabuses or reading lists tend to be reasonably highly ISI-cited but that the converse is not true: some highly ISI-cited articles appear never to be mentioned in Web syllabuses or course reading lists. A Spearman correlation between Web syllabus- and ISI-cites for IS&LS gives a low but significant value (r=0.231, p=0.000, n=1987), which confirms that the two are loosely related. This is probably due to the inclusion within this category of information systems (MIS Quarterly, Information Systems Research, Journal of Management Information Systems), and medical informatics research (Journal of the American Medical Informatics Association, and perhaps even Journal of the Medical Library Association), which seem to be different from library and information science research in being more highly cited. Although the above journals are only loosely related to information science, they are included within IS&LS because of the ISI's classification practices. Nevertheless, within library and information science there are clearly some journals that do not have high ISI-citation rates (and hence probably low journal Impact Factors) and seem to be disproportionately directly relevant to teaching, including: Portal-Libraries and The Academy, Library Trends, Journal of Academic Librarianship, Reference & User Services Quarterly. These all have a focus on libraries rather than information science, which suggests that library research is the part of the library and information science discipline in which research is most closely connected to teaching.
Table 3. Top Information Science & Library Science articles in 2003 from Web syllabuses and reading lists.

	Authors
	Title
	Journal
	Web syllabus cites
	ISI cites

	Lynch, CA
	Institutional repositories: Essential infrastructure for scholarship in the digital age
	Portal-Libraries and The Academy
	18
	2

	Shank, JD; Dewald, NH
	Establishing our presence in courseware: Adding library services to the virtual classroom
	Information Technology And Libraries
	17
	5

	Kling, R; Callahan, E
	Electronic journals, the Internet, and scholarly communication
	ARIST
	14
	18

	Kuh, GD; Gonyea, RM
	The role of the academic library in promoting student engagement in learning
	College & Research Libraries
	13
	5

	Vaughan, L; Shaw, D
	Bibliographic and web citations: What is the difference?
	JASIST
	13
	18

	Marcum, D
	Requirements for the future digital library
	Journal of Academic Librarianship
	12
	2

	Crowston, K; Kwasnik, BH
	Can document-genre metadata improve information access to large digital collections?
	Library Trends
	12
	0

	Davis, PM
	Effect of the web on undergraduate citation behavior: Guiding student scholarship in a networked age
	Portal-Libraries and The Academy
	12
	20

	Van Orsdel, L; Born, K
	Big chill on the big deal
	Library Journal
	11
	2

	Blair, DC
	Information retrieval and the philosophy of language
	ARIST
	10
	9

	Lee, AS; Baskerville, RL
	Generalizing generalizability in information systems research
	Information Systems Research
	10
	25

	Meho, LI; Tibbo, HR
	Modeling the information-seeking behavior of social scientists: Ellis's study revisited
	JASIST
	10
	15

	Kling, R; McKim, G; King, A
	A bit more to it: Scholarly communication forums as socio-technical interaction networks
	JASIST
	10
	11

	Sherman, C; Price, G
	The Invisible Web: Uncovering sources search engines can't see
	Library Trends
	10
	2

	Marcum, DB
	Research questions for the digital era library
	Library Trends
	10
	4

	Duy, J; Vaughan, L
	Usage data for electronic resources: A comparison between locally collected and vendor-provided statistics
	Journal of Academic Librarianship
	9
	6

	Tenopir, C
	Electronic publishing: Research issues for academic librarians and users
	Library Trends
	9
	2

	Ross, CS
	The reference interview: why it needs to be used in every (well, almost every) reference transaction
	Reference & User Services Quarterly
	9
	3

	Ronan, J
	The reference interview online
	Reference & User Services Quarterly
	9
	5

	Desai, CM
	Instant messaging reference: how does it compare?
	Electronic Library
	8
	2


JASIST= Journal of the American Society for Information Science and Technology
ARIST=Annual Review of Information Science and Technology

Table 4. Top cited Information Science & Library Science articles in 2003 from the ISI Web of Science.

	Authors
	Title
	Journal
	Web cites
	ISI Cites

	Venkatesh, V; Morris, MG; Davis, GB; et al.
	User acceptance of information technology: Toward a unified view
	MIS Quarterly
	0
	166

	DeLone, WH; McLean, ER
	The DeLone and McLean model of information systems success: a ten-year update
	Journal of Management Information Systems
	6
	107

	Bates, DW; Kuperman, GJ; Wang, S; et al.
	Ten commandments for effective clinical decision support: Making the practice of evidence-based medicine a reality
	JAMIA
	4
	66

	Chin, WW; Marcolin, BL; Newsted, PR
	A partial least squares latent variable modeling approach for measuring interaction effects: Results from a Monte Carlo simulation study and an electronic-mail emotion/adoption study
	Information Systems Research
	1
	55

	Saha, S; Saint, S; Christakis, DA
	Impact factor: a valid measure of journal quality?
	Journal of the Medical Library Association
	1
	53

	Bates, DW; Ebell, M; Gotlieb, E; et al.
	A proposal for electronic medical records in US primary care
	JAMIA
	1
	52

	Benbasat, I; Zmud, RW
	The identity crisis within the is discipline: Defining and communicating the discipline's core properties
	MIS Quarterly
	0
	49

	Peleg, M; Tu, S; Bury, J; et al.
	Comparing computer-interpretable guideline models: A case-study approach
	JAMIA
	0
	47

	Vaughan, L; Thelwall, M
	Scholarly use of the Web: What are the key inducers of links to journal Web sites?
	JASIST
	6
	43

	Tsui, FC; Espino, JU; Dato, VM; et al.
	Technical description of RODS: A real-time public health surveillance system
	JAMIA
	0
	43

	Ahlgren, P; Jarneving, B; Rousseau, R
	Requirements for a cocitation similarity measure, with special reference to Pearson's correlation coefficient
	JASIST
	0
	42

	Ash, JS; Stavri, PZ; Kuperman, GJ
	A consensus statement on considerations for a successful CPOE implementation
	JAMIA
	3
	38

	Teo, HH; Wei, KK; Benbasat, I
	Predicting intention to adopt interorganizational linkages: An institutional perspective
	MIS Quarterly
	0
	38

	Griffith, TL; Sawyer, JE; Neale, MA
	Virtualness and knowledge in teams: Managing the love triangle of organizations, individuals, and information technology
	MIS Quarterly
	0
	36

	Santhanam, R; Hartono, E
	Issues in linking information technology capability to firm performance
	MIS Quarterly
	0
	35

	Ash, JS; Gorman, PN; Lavelle, M; et al.
	A cross-site qualitative study of physician order entry
	JAMIA
	0
	34

	Liederman, EM; Morefield, CS
	Web messaging: A new tool for patient-physician communication
	JAMIA
	0
	32

	Lenert, L; Munoz, RF; Stoddard, J; et al.
	Design and pilot evaluation of an Internet smoking cessation program
	JAMIA
	0
	31

	Borlund, P
	The concept of relevance in IR
	JASIST
	5
	29

	Aksnes, DW
	A macro study of self-citation
	Scientometrics
	0
	29


JAMIA= Journal of the American Medical Informatics Association
JASIST= Journal of the American Society for Information Science and Technology
Discussion

The first two research questions can be answered by the results in Table 1. First, it seems that there are enough Web citations in syllabuses to be worth investigating in some social sciences but not in the sciences. Social science subjects attract correct Web syllabus citations at a rate of about 10% of the number of ISI citations. This seems sufficiently large to be useful, although insufficient to be able to challenge ISI data for indicator construction. In contrast, in the sciences Web syllabus citations seem rare enough to be irrelevant. Computer science falls midway between the sciences and social sciences in this context.

The results also suggest that social science research is more frequently used in teaching than science research. Nevertheless the method used has several limitations for this issue.
First, there are differences in the extent to which online syllabuses reflect the use of academic articles in teaching. The following list includes some relevant factors, all of which may vary between subjects.

· The extent to which academic articles are cited in syllabuses rather than elsewhere, such as lecture notes or slides.

· The extent to which articles are explicitly cited in teaching, when used. This seems likely to be greater in the social sciences, where discussion and provenance of theory are important, in contrast to the sciences where the end knowledge “truth” tends to be prioritised.

Second, there may be differences between fields in the way in which current research diffuses into teaching.

· The speed with which articles are adopted and become obsolete. It is known, for example that there are differences between fields in the rate at which articles become cited and, afterwards, stop being cited (Moed, 2005, p. 94-96). The same seems likely to be true for the educational value of articles.

· The importance of journal articles in reporting current research. In the humanities and to some extent in some social sciences, books rather than journal articles are the primary publication medium (e.g., Hicks, 1999). Similarly, in computer science and some other related areas, such as computational linguistics, conference proceedings are frequently the primary research output, rather than journals.

As a consequence of the above factors, and the fact that disciplines may differ in the extent to which it is acceptable to publish educational research in mainstream disciplinary journals, it is not reasonable to claim that Table 1 proves that current research is more used in the social sciences than in the sciences, despite a differing syllabus citation level of up to 100 times. Nevertheless, the data is consistent with such a claim, which has previously been made. For example, Beecher and Trowler (2001, p.36) claim that “hard pure” sciences are especially cumulative in knowledge structures and hence may tend to teach the old foundations of the subject at undergraduate level whereas other subjects tend to be less hierarchical and hence do not have a stable consistent core of necessary knowledge in the same way.

Conclusions and Implications

The evidence from this research indicates that online syllabus citations are useful sources of evidence about the educational value of some social science research, including politics and information science. Journals in these subjects could theoretically report 'syllabus impact factors' or 'education impact factors' (e-IF; edu-IF) as evidence of their educational value. This would be consistent with a previous call for new impact factors to reflect the value of journals like Journal of Education for Library and Information Science (JELIS), which is no longer ISI-indexed but reports valuable research (Coleman, 2007). Authors could also use syllabus citations as an additional indicator of the intellectual impact of their work, and could use the search techniques described in this paper to find them. Alternatively, it seems that there is scope for someone to provide an easily accessible educational-Impact Factor tool that would help these calculations, either drawing upon Thomson/ISI data (with permission) or harnessing citation data already in online digital libraries. 

A second finding is that the data is consistent with the hypothesis that current social science research is more useful for teaching that current science research, although the evidence is insufficient to claim that this statement is now proven.


In terms of future research it would be interesting to focus on the social science disciplines in which syllabus citations are widespread and use syllabus citations to track the flow of research into teaching over time. This could be achieved by repeating the method used here for a range of different years or by collecting data annually, although the latter approach would be reliant upon consistent search engine results from year to year, which seems unlikely. Moreover, qualitative research (e.g., interviews and questionnaires) is also needed to discover the reasons why articles are included in syllabuses. Such investigations may also seek disciplinary and other causes of differences in these reasons. 
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