Disciplinary Differences in Student Use of Library-Provided Materials in Dissertations
William Joseph Thomasa* and Daniel Shousea 
aAcademic Library Services, East Carolina University, Greenville, NC, USA
*Email thomasw@ecu.edu and William Thomas’s ORCID: 0000-0002-3503-6615



Disciplinary Differences in Student Use of Library-Provided Materials in Dissertations


Citation analysis is a valuable approach for collection managers to provide evidence of collection use and direct future collection growth. Researchers at East Carolina University reviewed nearly 23,000 citations from 171 doctoral dissertations written by candidates in three programs: Education, English, and Kinesiology. This study focused on library-provided access to journals and books, the format and ages of these items, and in titles that were cited by more than one author and across disciplines. Future research possibilities include the impact of open access on library collections in both practical and philosophical terms.  
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Introduction:
Citation analysis is a time-consuming, but extremely valuable approach for collection managers to provide evidence of collection use and direct future collection growth. Citations by users in specific disciplines can indicate need for new subscriptions or monographic purchases, or provide indicators of the time period beyond which materials may be weeded. Researchers at East Carolina University reviewed nearly 23,000 citations from 171 doctoral dissertations written by candidates in three programs: Education, English, and Kinesiology. The study focused on access to journals and books within the libraries’ collections, but excluded items that may have been provided by our Interlibrary Loan services. The researchers analyzed the format and ages of these items and identified titles that were cited by more than one author and across disciplines. East Carolina University’s libraries provide adequate monograph availability and substantial electronic journal coverage. There are short-term and long-term implications for collection development and management at our institution, including review of serials subscriptions, print holdings, and backfile purchases, as well as distribution of ebook purchases versus print book purchases. Future research on the impact of open access is suggested, not only in practical ways for providing access to journals and/or individual articles, but also philosophical questions about whether and how open access content is perceived to be part of library collections.  
Literature Review: 
Citation analyses have appeared in library literature for nearly 100 years, at least since Gross and Gross’s (1927) ranking of Chemistry journals. Many of them are intended to generate lists of core journals or to evaluate library collections. Ashman (2009) reviewed 88 citation analysis studies published between 1995 and 2008, and grouped them in ten categories, including studies to manage library collections, historical and longitudinal studies, and some which focus on particular patron groups. One significant patron group that librarians have studied are graduate students, whose theses and dissertations yield rich bibliographic evidence of whether the library’s collecting strategies are serving their needs. 
Some of these studies concentrate on an individual discipline while others are comparative, and they may focus on a single institution or compare institutions. In addition to studies of interdisciplinary fields such as LGBTQ studies (Graziano, 2018), there is a multitude of citation analyses on various science, social science, and humanities fields. Selected sciences-oriented analyses include Timms’s (2018) study of marine biology and aquatic sciences, biology by Barnett-Ellis and Tang (2016), and an analysis of theses and dissertations within related subfields of engineering by Becker and Chiware (2015). Analyses of humanities disciplines include philosophy by Herubel (1991), music by Kuyper-Rushing (1999), and history by Sherriff (2010). Among social sciences fields, Buttlar (1999) examined library science theses, Rosenberg (2015) analyzed sociology and anthropology, and studies of Education dissertations were conducted by Haycock (2002), Condic (2015), and Griffin (2016). 
While conducting citation analyses can yield satisfying “objective quantitative” evidence of the use of library collections (Sherriff, 2010, 165), and give a sense of the centrality of some of the works cited, they are not without issue. Beile, Boote, and Killingsworth (2004), upon review of the high holdings rates of journals cited, suggest that dissertation authors may be more likely to use materials that are available at their home library rather than borrowing materials. Understanding this limitation, though, citation analyses can indeed provide evidence of the library materials getting used, and can also provide data that collection managers can use for determining new subscriptions or purchases, cancellations, and weeding. As Feyereisen and Spoiden (2009) affirm, local collection management actions, such as cancellations and new subscriptions, will affect the materials that get cited. While the total effects of library changes on citing behavior cannot truly be known, local citing behavior can definitely have an impact on future collection management.  
Background:
A mid-sized regional university, East Carolina enrolled 28,798 students for the Fall semester of 2020, and employed 2,026 faculty members and instructors. The University offers 82 master’s degree programs, 15 PhD programs, 73 graduate certificates and 6 professional doctorate programs (AuD, DMD, DNP, DPT, EdD, MD) (“ECU Fact Book,” 2021). 
The three doctoral programs that were used in this study were housed in Education, English and Kinesiology. The College of Education offers a doctorate in Educational Leadership (EdD), which is designed to prepare individuals for senior level leadership positions in the PreK-12 and Higher Education environments. As a participant in the Carnegie Project on the Education Doctorate (CPED), EdD dissertations are intended to be scholarly treatments of a “complex problem of practice” in a local context (“The CPED Framework,” 2021). The English department offers a PhD in Rhetoric, Writing, and Professional Communication. Because this degree encourages study of “public and community rhetoric across genres and media,” there is great diversity in content of the texts treated in their dissertations (“PhD in Rhetoric, Writing, and Professional Communication” 2021). The PhD program in Bioenergetics and Exercise Science is offered by the Department of Kinesiology within ECU’s College of Health and Human Performance, and offered in conjunction with Brody School of Medicine’s Department of Physiology. This field of study is a “branch of biochemistry that focuses on how cells transform energy, often by producing, storing or consuming adenosine triphosphate (ATP)” (“Bioenergetics” 2021). Graduates are prepared for careers in healthcare, government, academic and research institutions. 
These programs in Bioenergetics and Exercise Science, Educational Leadership, and Rhetoric, Writing, and Professional Communication are served primarily by Academic Library Services, which supports the university’s Division of Academic Affairs. As an interdisciplinary program, Bioenergetics students are also served by William E. Laupus Health Sciences Library, which supports the Brody School of Medicine and other units within the Division of Health Sciences. Academic Library Services holds some 981,000 print titles, while Laupus Library’s print holdings are 32,000 titles. Together, the university’s libraries provide access to roughly 450 databases, about 1.1 million ebooks, and more than 120,000 online journals. 
ECU’s library collections, like many others’, have seen significant changes, including radical increases in electronic access and reductions in print for both monographs and serials. The libraries centrally fund serials and database subscriptions, and have a mix of aggregators, single subscriptions, and publisher packages. For more than a decade, ECU’s Big Deals included the top five publishers; however, as of the end of calendar year 2020, Elsevier’s Freedom Collection had to cancelled. One-time purchases of primary source databases and online journal backfiles, made at various times during the last 15 years, represent efforts to extend coverage beyond what could have been collected in print. Book purchases can be made in print or electronic format via firm order, approval plan, demand-driven, and evidence-based acquisition models. Declining book circulation is one of the reasons for declining monographic allocations, along with the intent to preserve serials and database subscriptions when possible. With these changes to the collections, librarians at ECU hope that to continue serving the research and teaching needs for all areas of study. The present analysis is an attempt to find out how well the collections are doing in three sample areas.   
Purpose:
Because of the changes in the library’s collections, the authors wanted to gauge materials support for three programs representing various subject areas. To compare and contrast the effectiveness of collections for research in humanities, social sciences, and science disciplines, researchers gathered and analyzed the citations from the bibliographies of 37 dissertations written by PhD candidates in Rhetoric, Writing, and Professional Communication between 2010 and 2020, and 28 Bioenergetics dissertations submitted between 2008 and 2020. Those results were then compared with results from cited references from the 106 Educational Leadership dissertations from 2010-2016 that were the subject of a prior study (Thomas and Shouse, 2019).  
	Three research questions guide the present study, building on what was asked before: (1) How much of the materials cited did the library provide access to? (2) For books and journals cited, does the library provide electronic access, or print only? For the present study, researchers do not report on the level of duplication between print and electronic format. And (3) how does library support vary by discipline? By examining the library’s provision of materials, including the format available for end users, the researchers intend to demonstrate the impact of library collections on a portion of the relevant departments’ research output (see Iivonen et al 2009). After reporting on the results, potential implications for future collection management are discussed.   
Methodology:
The methodology for this citation study is similar to the most common approaches listed by Hoffman and Doucette (2012): the authors searched for library holdings of the type and age of resources cited, and the frequency of journals cited. Dissertations examined were those submitted to the institutional repository from 2011 to 2020 for PhD candidates in Rhetoric, Writing and Professional Communication (English), and from 2008 to 2020 for PhD candidates in Bioenergetics and Exercise Science (Kinesiology). There were 37 English dissertations with a total of 4,199 citations, or an average of about 113 citations with a range of 26 to 281 citations per dissertation. There were 28 Kinesiology dissertations with a total number of 4,483 citations across all papers. Kinesiology dissertations had an average of about 160 citations per paper, with a range of 55 to 498 citations per paper. 
Citations were entered to Excel, with a row for each citation, grouped by student author. Each citation was also assigned a type: Journal, Book, and Other. All citations to journal, magazine, and newspaper articles were assigned the Journal type. Citations to books and chapters, including book series and their chapters, were assigned the Book type. Other citations were everything else, including webpages, software applications, legal materials, movies and tv shows, and citations to other theses or dissertations. Next, the researchers checked each citation for library access to that content in the library’s E-Journal Portal and catalog. Library access (Yes/No) and format (electronic, print, or N/A for items not available) were recorded. The ages of each Journal and Book citation were calculated by subtracting publication year from the year of the dissertation. This resulted in some items having an age of zero, if the publication year was the same or the item was in press. For Journal citations, researchers tabulated total use across all citations per unique journal title, and noted whether current access is available.  Alternative editions were noted for Books not offered by ECU’s libraries. Results for English and Kinesiology dissertations were compared to results from the Education dissertations collected previously. 
There were at least three limitations to this analysis. The most important one to note is that library holdings may have changed from the time the dissertations were written to now. For example, journals may have been added or removed from ECU’s online and print collections, and books acquired or withdrawn. A second limitation is that this reporting of online materials does not distinguish between subscribed or aggregator access. The third is that if a cited item was available in both print and electronic format, only electronic access was reported. Therefore, results below that are reported for print mean that those items are only available in print format.    
Results:
Citation counts for the project were 4,199 for 37 English dissertations and 4,483 for 28 Kinesiology dissertations. The researchers compared those by discipline, and to the Education citations from an earlier study. The citations were analyzed in three categories: Journals, Books, and Other. Citations to journal, magazine, and newspaper articles were considered in the Journals category. Citations to books and chapters of books, including chapters in monographic series, were considered in the Books category. Other citations include webpages, theses and dissertations, videos, reports, and all other kinds of citations. The largest category for English citations was Books, with 1,578 (38%), followed closely by Journal citations with 1,552 (37%). The Other category had 1,069, or about 25%. Among the Kinesiology dissertations, Journal citations dominated the list with 4,408 accounting for 98% of all items cited. There were 51 Books citations (1%), and only 24 Other citations, which accounted for only about ½% of the total number. 
The earlier study examined 106 Education dissertations with a total of 14,284 citations (Thomas and Shouse, 2019). Journals were the largest category with 6,209 citations accounting for 43% of the total. Books accounted for 28% with 3,996 citations, while the 4,079 Other citations reflected 29% of the Education total. The combined total across all three disciplines, with nearly 23,000 citations from 171 dissertations, provides a significant data set for analysis of the use of library collections. See Table 1: Total Citations by Discipline. 
Table 1: Total Citations by Discipline
	
	English
	Kinesiology
	Education

	Journal Articles
	1,552
	4,408
	6,209

	Books/Chapters 
	1,578
	51
	3,996

	Other
	1,069
	24
	4,079

	Total
	4,199
	4,483
	14,284



The results are discussed below by category: Journals, Books, and Other. Researchers examined the percentage of items offered by the library (whether subscription access, purchase, aggregator, or open access content available via the library’s catalog and/or discovery services). The authors also recorded the format in which the library provides access (online or print only), analyzed the ages of items, and looked for duplication among titles cited. Using this information, variations by format and potential impacts on collection management are explored below. 
Journals
Citation patterns between English and Kinesiology vary significantly, with Kinesiology dissertations relying much more on the journal literature than English. On average, each English dissertation cited only about 42 articles, compared to 157 articles per Kinesiology dissertation. For both subject areas, the library provided access more than 90% of the articles cited. Specifically for English, out of 1,552 articles citations, the library offered online access to 1,412, or 91% of them. The library held only print format for just 8 articles, and did not provide access to 132, or 8.5% of the articles cited. 
Kinesiology authors were much more likely to cite articles within the library collections, with only 83, or 1.9% of articles cited not offered through the library. And Kinesiology articles cited were much more likely to have online access, with nearly 98% of articles cited in that format, compared to 11, or 0.2% for print. See Table 2: Format for Library Holdings by Citation. 
Table 2: Format for library holdings by article citation

	Format
	English Citations
	Percent of Total
	Kinesiology Citations
	Percent of Total

	Online
	1,412
	91%
	4,311
	97.9%

	Print Only
	8
	0.5%
	11
	0.2%

	N/A (Not Held)
	132
	8.5%
	83
	1.9%

	Total
	1,552
	
	4,408
	



Interestingly enough, even though there were fewer English article citations, there were similar numbers of unique journal titles cited: 719 for English and 752 for Kinesiology. Parallel to the findings for individual article citations, online is the dominant format at the title level: 642 of the 719 English journals (89%) and 687 of the 752 Kinesiology journals (91%), were electronic. Unique titles for which the library holds only print are a minority: for English, there were just 6 journals (0.8%), and for Kinesiology just 8 (1.1%). For 71 journals in English (about 10%) and 57 Kinesiology journals (about 8%), the library did not offer any of the cited articles. See Table 3: Format for Library Holdings by Journal Title. 
Table 3: Format for library holdings by journal title

	Format
	English Journal Titles
	Percent of Total
	Kinesiology Journal Titles
	Percent of Total

	Online
	642
	89.3%
	687
	91.4%

	Print Only
	6
	0.8%
	8
	1.1%

	N/A (None Held)
	71
	9.9%
	57
	7.6%

	Total
	719
	
	752
	



Examining the use by title more closely, of the 71 English journals that the library provided no content (“N/A” journals), 59 of them were only used once. Among the most-cited English journals for which the library offered no access were Kairos (cited 17 times), the Kinston Free Press (16) and Enculturation (9). Both Kairos and Enculturation are open access journals, and have since been added to the library’s discovery services. Kinston’s Free Press, cited in only one dissertation, now has current content within a library database. For Kinesiology’s 57 N/A titles, there were 48 used only once, and none cited more than 3 times. 
Across all 719 titles cited by English, 580 (about 81%) have current access via the library’s collections, while 139 do not. There are 612 (81%) of the 752 Kinesiology titles that are current, and 140 (19%) are not. Of the 139 English titles not current, the highest number (114) were cited only once, and of the 140 not-current Kinesiology titles, 89 were used only once. Whether ECU libraries should consider subscribing to any of these not-current titles will be discussed below.  
Findings for English and Kinesiology article citations are roughly in line with those in Education. About 92% (5,705) of the 6,209 articles cited in Education dissertations were offered in electronic format, compared to 2% (98) print format only, and about 7% (406) not held. Of the 1,380 unique journal titles in the earlier Education study, the library offers online access to 1,112 (about 81%), compared to 89% and 91% for English and Kinesiology, respectively. Education had 243 N/A titles (18%), and of those, 190 were used only once. The most-cited N/A title was an open access journal—a similar situation to what found in English. Current access to Education journals cited was 73% (1,004 out of 1,380), a little lower than the 81% currency rate we found for English and Kinesiology journal titles cited. It is possible that the larger number of titles cited in Education compared to both other disciplines affected this. 
The most heavily used titles in English and Kinesiology bear additional scrutiny. In English, the top journal was College Composition and Communication, which was cited 61 times. Other highly-cited titles included Technical Communication Quarterly (52), the Journal of Business and Technical Communication (42), and College English (40). As the figure below illustrates, there was a rapid drop-off in number of times cited per journal, indicating a diffuse group of journals used by these student authors. Figure 1 presents the top journals by use in English, with a tie at the 20th place: Enculturation and Journal of Business Communication, both cited 9 times. 
Figure 1: Top 20 Titles by Use for English


The top twenty titles are strongly oriented toward the basis of the program—technical communication and rhetoric. Exceptions include two newspapers: New York Times and Kinston Free Press. While the New York Times was cited by seven different authors, the Kinston Free Press citations, all 16 of them, came from a single dissertation focused on crisis communication following an incident in the city of Kinston. There is a significant “long tail” effect which occurs because students conducted their analyses using a wide variety of subject-matter texts. 
Kinesiology journals demonstrated a very different pattern, with the highest used title, Journal of Biological Chemistry, used 251 times, followed closely by Diabetes (229) and American Journal of Physiology: Endocrinology and Metabolism (225). The higher totals and more significant drop-off in use indicate a discipline that could be more tightly tied to a core group of journals. American Journal of Physiology (AJP) split into 7 current subjournals, including two within the top 20, and another four current titles (in addition to the original AJP) that were cited in Kinesiology dissertations. The American Physiological Society is by far the most important publisher for this program, because of the 17 journals they publish, the only one not cited was the 2020-launched Function. In fact, two of the AJP subjournals (Regulatory, Integrative and Comparative Physiology, and Heart and Circulatory Physiology) just missed the cutoff to be in the top 20 by a small number of citations. Also just missing the top 20 cutoff was the influential open access title PLoS ONE. Other high-impact journals like Cell and New England Journal of Medicine were also cited, just not in the top 20. See Figure 2: Top 20 Titles by Use for Kinesiology. 
Figure 2. Top 20 Titles by Use for Kinesiology


One of the presuppositions that was brought to this study was that currency of content was more critical for biomedical research than humanities, eg., for Kinesiology than English. To test this, researchers calculated the age of the item by subtracting publication year from the year of the dissertation. The presupposition was supported, but not as dramatically as might have been expected. While the average age for English articles was 14.16, Kinesiology articles still had a mean age of 10.69 years. Education’s average age of article citations was between the others, at 12.65 years. The median age for English was 10, and mode was 4. Kinesiology’s median age was 8 and mode was 3. Both disciplines had lower medians and modes than Education: 9 and 5 respectively.
Another indicator of the importance of currency is the number of articles cited with an age of 0: while Kinesiology had 139, English only had 24. On the flipside, how important are older articles within these dissertations? The number of articles cited with age greater than 35 years was 131 for Kinesiology, and 93 for English. But these numbers represent only 3% of Kinesiology’s article citations, and double that for English. See Figure 3: Age Distribution, English Articles, and Figure 4: Age Distribution, Kinesiology Articles. 
Figure 3: Age Distribution, English Articles
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Figure 4: Age Distribution, Kinesiology Articles
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Books
There were 1,578 citations to books and chapters within English dissertations, or about 38% of the total number of citations. By contrast, Kinesiology only had 51 book citations, for about 1% of the total. Book citations for Education were closer to English than Kinesiology, since the 3,996 book citations represented about 28% of the total. 
The 1,578 English citations were to 1,196 unique titles (including multiple editions of the same work). The library had no holdings of any edition for 416 of these titles and provided at least one cited edition for 780 unique works. Of these 780, we offered print access only for 478 of titles (that is, about 61% of the titles held) and online access to 302 of them (or about 39%). Although ebooks have made inroads even to humanities scholars, the English dissertations still primarily cite books in print format. For 57 titles, more than one edition was cited, and for 23 of them, the library owned all cited editions. There were 24 titles cited in multiple editions for which the library owned at least one cited edition, and another four for which the cited edition was not owned, but an alternative edition was. Therefore, of the 57 titles with more than one edition cited, the library provided no edition for only six of them. Regarding ownership, the library was much more likely to provide access to books cited by more than one author. Of the 1,196 unique titles, 1,058 were cited by only one author, and 138 were cited by more than one. The library owned 669 of the single-cited books (63%)—which is good by itself—but of the 138 multi-cited books, we owned 111 (80%) of them. 
Kinesiology dissertations made much less use of books than the other two disciplines. There were 51 citations to 33 unique titles. For 17 of these titles (52%), the library provided no access, while for 16 of them (48%) at least one edition was owned. For five of these 16 titles, the library offered only print, while for 11 of them, online access was available. There were seven titles cited in multiple dissertations, and all seven of them also had multiple editions or volumes cited. Five of these seven were monographic series, for instance, Methods in Enzymology, which had five authors citing four different volumes. Two of these multi-cited books were not series, for instance ACSM's Guidelines for Exercise Testing and Prescription, which had three authors citing three different editions. Across all Kinesiology book citations, the authors were primarily citing either textbooks or book series, with many fewer monographs than in English or Education dissertations. See Table 4: Format of Library Holdings by Book Title. 
Table 4: Format of Library Holdings by Book Title

	Format
	English Book Titles
	Percent of Total
	Kinesiology Book Titles
	Percent of Total

	Online
	302
	25%
	11
	33%

	Print Only
	478
	40%
	5
	15%

	N/A (None Held)
	416
	35%
	17
	52%

	Total
	1,196
	
	33
	



The book usage for Education compared better with English than with Kinesiology. Education dissertations contained citations to 2,882 unique book titles, and like English, the largest number of them (2,324) were cited by only one dissertation author. There were 558 titles cited by multiple dissertation authors and some of them were also cited in multiple editions. The library provided access to 1,351 of the total number (47%), and did not provide any access to 1,531 (53%); these ownership rates were significantly less than what was found for English, where the library held 65% of the unique titles cited and did not offer access to 35%. Education students had a stronger preference for print, as the library held 1,021 of the 1,351 owned titles (76%) in that format only, and only 330 (24%) had electronic access. There were 558 books cited in more than one dissertation, and like English, the library was more likely to provide these books. For books with multiple editions, an alternative edition was provided 70% of the time. 
As expected, the age of books cited was older than that for journals: for English the mean was 18.2 years, for Kinesiology, the mean was 18.9 years, and for Education the mean was 15.7 years. The mode for English book ages was 9, and the median was 13; for Kinesiology, the mode was 6 and the median was 9.5. These compare favorably with Education, where the mode was 8, and the median was 11. Kinesiology had one outlier, at 313 years, and the next oldest book cited was 54 years. If that outlier is removed, the median age for Kinesiology goes down to 13. English dissertations also made use of older books, with two titles more than 300 years old, and two more that are older than 200 years, and 14 books older than 100 years. Education’s outlier was a single title 216 years old, although there were nine more titles with an age greater than 100. It does not surprise collection managers to hear that humanities dissertations make use of older materials than STEM dissertations, which would have subsequent effects on weeding. On the other end of the age spectrum, Kinesiology did have one book cited with a zero age, and English had 11 citations to zero-aged books, while Education had 13. Overall, the library was more likely to own the younger books, and several of the oldest ones are available via HathiTrust, Project Gutenberg, or other ebook libraries. See Figure 5, Age Distribution, English Books, and Figure 6, Age Distribution, Kinesiology Books. 
Figure 5: Age Distribution, English Books
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Figure 6: Age Distribution, Kinesiology Books
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Other
All citations that were not counted above in the Journal or Book categories were grouped as Other. These Other items were from a wide variety of material formats, including websites, theses, dissertations, presentations, movies, legal materials, and software. The total number of Other citations for English was 1,069, or roughly 25% of all citations. Kinesiology students were much more limited in their use of Other items: across all dissertations there were only 24 Others, for only 0.5% of citations. The higher percentage of English Other citations compares favorably to the roughly 29% of Other citations we found for Education dissertations (that is, 4,077 out of 14,284). 
Across all three disciplines the largest number of Other citations were to websites (at greater than 70%), and thus are outside the scope of most library collections. Although their numbers are smaller, some of the other kinds of materials cited are found in library collections. These include theses, dissertations, movies and other audiovisual materials, legal materials (cited in English dissertations) and ERIC documents (cited in Education dissertations). Theses and dissertations are available through ECU Libraries’ subscription to ProQuest’s Dissertations and Theses Global, but it is also possible that they were found in institutional repositories or other online sites. Among the rest of the Other citations for English dissertations, a significant number were to laws and legal cases, all in a single dissertation. ECU had a subscription to a legal database in the past that likely provided these materials. 
 
Implications for Library Collections
The results of this study can have an impact on current and future collection management decisions. This data set of approximately 23,000 citations, although large, represents only a limited sample of library users, so the conclusions reached below should be taken with other data points to inform changes to subscriptions, purchases, and disposition of library materials.
Journals
In addition to which journals were most cited per subject area, the researchers were interested in journals that were cited in more than one discipline. Of the total combined 2,652 unique journal titles, there were 191 cited in two disciplines, and four journals were cited in all three: Annals of the New York Academy of Sciences, New England Journal of Medicine, Pediatrics, and Public Health Reports. Although the New England Journal of Medicine deserves its reputation, the total number of citations for this title across Education, English, and Kinesiology dissertations was only 39. This small number of citations was somewhat perplexing, especially compared to Kinesiology’s highest-cited journal (Journal of Biological Chemistry, with 251 citations). The authors wondered if there might be other indicators of significance to be found, such as being among the top-20 cited journals for one discipline and being cited by another discipline. Sixteen of the 191 journals cited in two disciplines fit this pattern. JAMA, Nature, the Proceedings of the National Academy of Sciences, and Science were four well-recognized scholarly journals fitting this description, while the New York Times and Washington Post are well-regarded national newspapers meeting these criteria.  
Should these journals be considered core for ECU’s collections? Perhaps they would be on such a list, but this number is too low. There must be other ways of getting at which journals are the most important ones to continue subscribing to. Another approach would be to consider whether the “80/20 Rule” might apply. Originating in Trueswell’s (1969) observations of circulation data and then expanded to cover other library use patterns, the 80/20 Rule suggests that about 80% of the citations would be satisfied by using about 20% of the journals in the list. In fact, Kinesiology comes very close to this pattern: 20% of the journals do account for 79% of the citations. Education and English, on the other hand, do not fit this pattern very well: 20% of the journals only account for about 70% of Education citations, and only 59% of English citations. Is there a better way to describe the distribution of citations per journal? Nisonger (2008) suggests an alternative, proposing that Bradford’s Law might better describe title dispersion. Bradford’s (1934) analysis of the “scattering” of journal literature suggests at least three “zones” of activity, from a highly-productive nucleus of core journals to successively less-productive groups of journals which each produces about the same number of relevant articles. Other authors, including Abeyrathne (2015), Anilkumar and Rajaram (2013), and Beile, Boote, and Killingsworth (2004), have confirmed the usefulness of Bradford’s Law in their citation analyses. 
The present study also finds support for Bradford’s Law: the number of journals required to meet each third of citations grows by a significant factor. Once again, Kinesiology best demonstrates this Law, with a nucleus of 12 journals, all used 65 times or more, that account for a third of all Kinesiology article citations. The next most productive zone for Kinesiology has 65 journals in it, each one used between 10 and 64 times. The least productive zone for Kinesiology has 675 titles, all used nine or fewer times. English use of journals was less intense than the other two disciplines, although there are still clearly definable zones of productivity. The top third of English citations are fulfilled by 28 journals, and 181 journals generate the next third of citations. The last third of citations requires 510 journals, all used only once each. The corresponding numbers for Education are 35 for the top third, 159 journals for the next third, and 1,186 journals for the final third of the citations. Subject matter, especially because of differences in citation behavior from discipline to discipline, is likely the determining factor for how well Bradford’s Law or Trueswell’s 80/20 Rule might apply. This would be a subject for future research. For more information, see Tables 5 and 6: Journal Title Distribution by Number of Citations. 
Table 5: Journal Title Distribution by Number of Citations--English 
	Number of Titles, English
	Uses Per Title, English
	Total Citations, English
	Percent of Citations

	28
	8X or more
	521
	34%

	181
	2X – 7X
	521
	34%

	510
	1X
	510
	33%

	719
	
	1,552
	



Table 6: Journal Title Distribution by Number of Citations--Kinesiology 
	Number of Titles, Kinesiology
	Uses Per Title, Kinesiology
	Total Citations, Kinesiology
	Percent of Citations

	12
	65X or more
	1,486
	34%

	65
	10X – 64X
	1,498
	34%

	675
	9X or fewer
	1,424
	32%

	752
	
	4,408
	



This analysis is not intended specifically to create a list of core journals though, and the other use for Bradford’s distribution would be to consider cancellation candidates versus those subscriptions which are the most important to protect. As researchers examine the highest used journals, one of the primary issues to consider is which journals are part of publisher packages. Within Kinesiology, six of the top 20-used journals are/were in Big Deals with Elsevier, Springer, Oxford, and Wiley. Two of Kinesiology’s top 20 are available via aggregators, while 12 are individual subscriptions. For English, the number of top 20 journals in Big Deals is considerably higher, at 11. These journals are in Big Deals with Elsevier, Sage, Taylor & Francis, and Wiley. Two of the top 20 journals in English are open access, which is an interesting development, and another one is an individual subscription. There are seven of English’s top 20 available in aggregators (one is embargoed). Of the top 20 Education journals, 13 are in Big Deals, including Sage, Springer, and Taylor & Francis. One of Education’s top 20 is an individual subscription; four more are current in aggregators; and two are in Project Muse.  
Aggregators and Big Deals present different risks to current access. Of course, aggregators could lose (or gain) content, and removed journals that are highly cited or otherwise important for local collections might have to be subscribed to separately afterward. Big Deals have been problematic for library collections for years, and multiple schools have had to cancel one or more of them. Thirty of these 61 high-use journal titles (21 for English because of a tie) are in Big Deals, which means they could be vulnerable. Since our university had to discontinue the Elsevier Big Deal for 2021, three journals could have been affected. Fortunately, we were able to maintain subscriptions to all three: Computers and Composition, Cell Metabolism, and Free Radical Biology & Medicine. However, that could not have been guaranteed. If other Big Deals have to be cancelled, ECU Libraries rapidly run into problems with highly-cited journals. The influence of journal bundles on serials budgets has been well-documented in the literature, but has not been taken into account with other citation analyses. 
The other journal question that citation analysis presents is whether there are candidates for subscription that need to be considered. From the present data, researchers looked for titles that were cited more than five times but had no current access. Fortunately, out of 2,652 unique journal titles, only 31 met this criteria. Five of them have ceased, and six have embargoed access available. One embargoed title is WPA: Writing Program Administration, which was cited in five English dissertations. However, current subscriptions are only offered in print, making it a much less likely choice. A baker’s dozen have changed titles, and current access is provided to all of them under the new title. Four of them are open access journals, which have since been added to the library catalog and discovery layer. Remaining, then, are three subscription candidates, one in each discipline. The only subscription candidate for English would be NHCS Newsline, which was only used by a single author with articles published between 2004 and 2010. Though difficult to confirm, it looks like NHCS stands for Nash Health Care Systems, so it looks like a local hospital newsletter rather than a journal. For Kinesiology, the Journal of Sexual Medicine transferred publishers. ECU Libraries own the backfiles for that title—and all the articles that dissertations in this study cited come from them. Current access with the current publisher is not available, but this journal is one to consider adding. The last subscription candidate, About Campus, for Education, has since been added to an existing publisher package. See Table 7: Non-Subscribed Journals Used More than 5 Times. 
Table 7: Non-Subscribed Journals Used More than 5 Times
	Title Status
	English 
	Kinesiology 
	Education

	Ceased
	0
	0
	5

	Changed Title
	1
	3
	9

	Embargoed Access
	1
	3
	2

	Freely Available
	2
	0
	2

	Subscription Candidate
	1
	1
	1

	Total
	5
	7
	19



Backfile access and use was an important component of considering not-current titles for subscription, and factors into decision-making for Big Deal cancellations to some extent as well. Backfiles do continue to be important, as the median and mean ages even in Kinesiology suggest that the Libraries should retain access to journal content at least eight to ten years, and for English that stretches to at least 14. ECU Libraries have been fortunate to have made significant backfile purchases of journals from several major publishers, and for many journals the electronic backfiles have been substituted for bound print volumes. Electronic format so far outweighed print in terms of use that not only would other backfile purchases be considered, librarians would be leery of subscribing to any journal in print format. 
Books
Citation activity for books diverged greatly between Kinesiology and the other disciplines, but there are still patterns that suggest possible collection management actions. One of the areas of interest was whether and to what extent books would be cited in more than one discipline. Across all three disciplines, there were 3,923 unique book titles. Only 40 of them were used in more than one discipline, and all of the overlap occurred between Education and English. Twelve of those 40 titles concerned research design, including Qualitative Research: A Guide to Design and Implementation, Research Design: Qualitative, Quantitative, and Mixed Methods Approaches, and Babbie’s Practice of Social Research. Eighteen others related to education in some way, especially higher education and in a few cases, teaching writing. There were a few classics such as The Souls of Black Folks, Mind in Society by Vygotsky, and Geertz’s Interpretation of Cultures that were also used in both disciplines. While not enough titles were duplicated to construct any sort of core list of books, the duplication does suggest that librarians should pay particular attention to collecting research methods books and those on higher education.
The textbooks that were cited in both Education and English bear further discussion. The most notable examples are Creswell’s Qualitative Inquiry and Research Design, which was cited by 39 authors across 4 editions, and Yin’s Case Study Research: Design and Methods, which was cited in 25 dissertations across 5 editions. Most of these research design books center on qualitative design and evaluation, and most span multiple editions. Libraries have grappled with whether to purchase textbooks for a long time, but that position seems to be changing as some libraries begin textbook affordability programs. The authors’ perspective is that libraries should include in their collections relevant textbooks, especially those on such foundational topics as research methods. Consistent with this belief, ECU Libraries have been purchasing Course-Adopted eTextbooks from these and other disciplines (Carr, Cardin, & Shouse, 2016; Thomas and Bernhardt, 2018).
Within the English dissertations, other books that were used by multiple authors focused on discourse analysis, rhetoric, and technical communication, in addition to works by theorists such as Michel Foucault, Kenneth Burke, and Walter Ong. These topics are at the heart of the program, and serve as a reminder for the liaison librarian to ensure their selection. Within the Education dissertations, multiple authors addressed such topics as leadership, psychology of teaching and learning, and statistical analysis. The Education liaison can review these titles for future firm orders. 
Library collection managers in Academic Library Services are responsible for communicating with disciplinary faculty to build the collections in support of their teaching and research needs. As mentioned before, monographs are acquired via approval plan, firm orders, and both print and ebook demand-driven acquisition (DDA) programs. Like many other libraries, ECU’s approval plans have been dramatically reduced, and outside the CAT program firm orders have also been reduced. The CAT program does have impact on campus and appears to be sustainable (Hoover, Shirkey, & Barricella, 2020). ECU’s DDA programs have grown through time, and can be reviewed for their support of the kinds of monographs found in the current analysis.  
Book use within Kinesiology citations did not have overlap with the other disciplines, although there was some use of textbooks within Kinesiology dissertations. Examples include the 5th edition of Exercise Physiology, the Textbook of Endocrine Physiology, and Tietz Textbook of Clinical Chemistry and Molecular Diagnostics. As mentioned earlier, several of the books used in more than one Kinesiology dissertation were volumes in series. There were additional book series cited in single dissertations. While the library provides some of the cited volumes, book series are more problematic than monographs, because they imply a continuing commitment, more like a subscription decision than a monographic selection. Collection managers in Academic Library Services will also engage with colleagues in ECU’s Laupus Health Sciences Library to review existing book series and consider any new acquisitions. 
Book series were transitioned to electronic format some time ago, and ECU Libraries have also purchased backfiles of book series when available. Electronic format also makes the most sense for textbooks when they are sold to libraries, in particular for unlimited simultaneous users. Regarding format used for books overall, it is clear that ebooks are more acceptable than might have been anticipated. Considering the biomedical subject matter and use of book series as potential reasons, Kinesiology authors used titles with electronic access 69% of the time. English and Education had lower use of ebook content, at 39% and 24% respectively. It is not known if the dissertation authors would have been willing to use more monographs in electronic format, but in the meantime, ECU Libraries can continue offering a mix of print and online books for these disciplines. For East Carolina, one of the ways this can be put in practice is to add criteria allowing more titles for these subjects in the print DDA program.  

Conclusion
The results of this study spur further review of serials and database subscriptions, engagement with departmental faculty about monographs, and consideration of ECU Libraries’ philosophy of library collections. With respect to serials subscriptions, librarians must take a deeper dive into the remaining Big Deal journal packages, in concert with other data, such as faculty input and perhaps better awareness of faculty publication and citation patterns. The liaison librarian for the College of Education has already reached out to the faculty about required textbooks, and reviewed book titles that have been considered for purchase as part of the library’s Course Adopted eTextbook program. Liaisons for other disciplines will contact their departments as well, and the collection managers will review the library’s approval and demand-driven acquisitions plans.   
There is another complication facing collection managers as they consider journal subscriptions that are most-used on campus, acknowledging that it is a good problem to have. There are two different ways open access is making rapid transitions. The first, in which journals are changing their publication model from closed to open access, is one. Budgeting issues regarding subscription fees and article processing charges are addressed in other articles, but there are still philosophical questions, such as “what does it mean to say that an open access journal is part of the library’s collection?” There are also practical concerns about providing access to open access content, from determining that it is available and including it in discovery systems and link resolvers, to preservation concerns. 
The other rapid transition that is occurring is open access at an article level for a variety of reasons, including the expansion of research funders’ public access policies and “read and publish” agreements between libraries and publishers. For public access articles, collection managers may not be able to know if students and faculty are using subscription-access versions or the public access copies in repositories. And would open access articles be added to library collections in some fashion? Or should they? As whole journals (and books) transition to open access, librarians can add them to the catalog and discovery systems—they are already set up for offering access at this “container” level. Adding open access article or chapter metadata to library discovery systems by harvesting their source data bases presents multiple new challenges. Regardless of the technical challenges libraries might face or the philosophical conundrums in defining library collections, librarians need to know that they are providing the content that their users need in the format that is most useful to them, and studies like this provide evidence of that. 
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Top 20 Journals, Kinesiology

Free Radical Biology 	&	 Medicine	JAMA	Science	International Journal of Obesity	Diabetes Care	Metabolism, Clinical and Experimental	Nature	Cell Metabolism	American Journal of Physiology: Cell Physiology	Journal of Physiology	Biochemical Journal	American Journal of Clinical Nutrition	Diabetologia	Proceedings of the National Academy of Sciences - PNAS	Journal of Clinical Endocrinology and Metabolism	Journal of Clinical Investigation	Journal of Applied Physiology	American Journal of Physiology: Endocrinology and Metabolism	Diabetes	Journal of Biological Chemistry	41	41	46	48	49	53	54	55	65	69	73	74	78	82	100	118	122	225	229	251	


Top 20 Journals, English

Number of Article Citations	Enculturation	Journal of Business Communication	Health Communication	WPA. Writing program administration	Daedalus	Rhetoric Review	Washington Post	Rhetoric Society Quarterly	Writing Center Journal	Kinston Free Press	Kairos	Quarterly Journal of Speech	Journal of Technical Writing and Communication	New York Times	Written Communication	Transfusion	Computers 	&	 Composition	College English	Journal of Business and Technical Communication	Technical Communication Quarterly	College Composition and Communication	9	9	10	12	13	13	13	14	14	16	17	18	19	20	21	24	28	40	42	52	61	
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