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	Librarians at the Galter Health Sciences Library & Learning Center evaluated citation data from clinical trials and patents as potential indicators of library collection strengths and research trends at the Northwestern University Feinberg School of Medicine. These under-examined resources were of interest because of their relation to translational research, which is a central area of focus in the library's mission. Digital Science Dimensions (Dimensions) was used as a data source to capture the clinical trial and patent data as part of a collaboration between Galter Library and Dimensions. Upon completing a brief pilot using clinical trials to identify collection gaps, various analyses were applied to data for all patents that had Northwestern University as an assignee from 2008-2017. The findings were compared with traditional metrics such as Counting Online Usage of NeTworked Electronic Resources (COUNTER) compliant usage statistics and journal impact factor to identify core resources and trends unique to patents. This study is potentially of interest to libraries supporting research-intensive organizations where patents may shed new light on collection use.
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Introduction
The Galter Health Sciences Library & Learning Center (Galter Library) in Chicago, Illinois serves the Northwestern University Feinberg School of Medicine (Feinberg), including 4,180 faculty members, 3,351 students, residents, and fellows, and staff. It is administratively separate from other Northwestern University libraries. Some library systems are shared with the university's Evanston campus libraries, as are electronic collections costs on “Big Deal” and other large packages. Galter Library maintains its own subscriptions for its medical-specific collection, and some clinical medical resources are licensed in cooperation with affiliated hospital libraries.  
In September 2013, Galter Library joined the Northwestern University Clinical and Translational Sciences Institute (NUCATS), allowing both entities to provide more integrated support to students, clinicians and researchers. NUCATS "… provides scientists with consultative resources and expertise in order to accelerate how quickly transformative scientific discoveries make their way to patients and the community. It is our goal to continually increase the quality, safety, efficiency, and speed of innovative clinical and translational research."1 In order to best align with NUCATS's goals, the question arises - how, apart from traditional scholarly communication, can Galter Library best support the research needs of NUCATS and the greater Feinberg community? 
In pursuit of supporting the NUCATS mission, librarians at Galter Library decided to look beyond traditional journal data to explore new publication types for insights into the translational research landscape. Feinberg generates 69 percent of all research money at Northwestern University, and its translational research moves on a continuum, from observation to invention (from laboratory to bedside and to the community beyond). With over 4,571 clinical trials conducted at Feinberg in 2017-2018, and a clear emphasis on innovation and entrepreneurship at NUCATS, clinical trials and patents surfaced as research outputs central to the translational medicine ecosystem.2 Librarians at Galter Library opted to expand upon past citation analysis work by examining these unexplored publication types in the hopes of getting a better view of researcher interactions with library collections and possible collection development applications.
Literature Review
Much like the industries of business and medicine, libraries are increasingly seeking evidence-based measures to demonstrate the value and impact of collections.3 The benefits and drawbacks of conducting a citation analysis for the purpose of collection development in a health sciences library have been explored previously, pointing to the promise of the method in conjunction with other metrics.4 Several studies have specifically investigated patents and clinical trials as useful bibliometric indicators. A citation to an article in a clinical trial has been explored as evidence of that article’s influence in the field of research.5 Citations in patents can potentially represent the flow of knowledge from science to technology, author-inventor connections, ideas as precursors to inventions, organizational involvement in the research process, and co-patent networks.6 Unsurprisingly, patents and clinical trials tend to cite highly cited articles, though at least one study found that a citation in a clinical trial could not be used to predict an article’s ultimate impact.7 A low correlation between citations in Google Patents and article citations in Scopus suggests that patents represent a different kind of research contribution than scholarly journal articles.8 These findings point to numerous motivations for librarians to explore the information contained within clinical trial and patent journal article citations.
Before undertaking a citation analysis of patents, it helps to understand the environment in which they are produced. Unlike scholarly journal articles, a small percentage (34-38 percent) of patents have been found to include references to non-patent literature, and it can on average take thirty-five months for a patent to progress from its initial filing to the date of publication.9 The number of citations to non-patent literature can be influenced by the field of research from which the patent originates, with chemistry, pharmaceuticals, applied physics, and biotechnology showing larger shares of citations.10 Citation patterns also vary based on the office where the patent was filed. More pressure is placed on inventors by the United States Patent and Trademark Office (USPTO) to disclose all prior art in support of a patent’s novelty when compared with European Patent Office (EPO) practices, which leads to higher citations in USPTO patents, and citations that can dramatically differ among patent offices despite originating from the same patent filer.11 Citations to non-patent literature may be provided by the filer, the patent examiner, or other third parties during the patent’s review process and, for EPO patents, nine months after the patent is granted during its opposition period.12 Although it has been observed that the number of citations to non-patent literature increased for a period of time starting in the 1980s, the average seems to have become more stable in recent years.13
Given this background information about patents, there are some caveats that come with their use as a data source for citation analysis. Because citations in patents are potentially supplied by multiple parties, the influence of articles may only be indirect at best. The field of research from which the patent arises also requires consideration given its influence on citation patterns, and an analysis of patent citations may not be appropriate for some fields.14 Patents may never become inventions or have any significant impact, and patent activity may be driven purely by market competition or industry trends.15 Given the slow patent process, a journal article’s impact on a patent typically takes more time to measure.16 Finally, as with journal articles, patents and clinical trials are not representative of the entire research output of an institution or individual. Despite these caveats, clinical trial and patent citations can potentially shed light on numerous activities in the realms of research and entrepreneurship, as well as the library collection's role in supporting them.
Dimensions
Despite having used Web of Science for past citation analysis projects, librarians at Galter Library were interested in testing a new data source to determine whether such an analysis could be replicated for clinical trial and patent data. Galter Library has had a relationship with Digital Science, the parent company for Dimensions and Symplectic Elements, for several years as a customer of Elements, and as a development partner in the early phases of the launch of Dimensions. Dimensions approached Galter Library after discussions of past citation analysis projects, offering the opportunity to initiate a citation study using Dimensions as the data source. It should be noted that Galter does not have a subscription for Dimensions, and was granted access to its data through a partnership with its team for the purposes of this study.
Dimensions is a linked research data platform which reveals connections among related pieces of research information. The Dimensions database is comprised of interlinked data sets or "cores" that contain metadata for publications, data sets, clinical trials, patents, and policy documents. This includes data from ten clinical trials registries, including ClinicalTrials.gov, and data from ten patent offices across the world, including the USPTO and EPO.17 These data are enriched through matching and machine learning processes, creating links to references, researchers, organizations, and classification schemes. These links enable a more contextual research environment, which can lead to discoveries across content, or provide a starting point for more in-depth inquiries. Whereas the tools for gathering patents and extracting citation data have previously proven to be labor-intensive, Dimensions enables easier access to these related data elements.18 Several versions of Dimensions are available, including a free version with access to publication data, and paid subscriptions for access to the complete, enriched data and other analytics capabilities. Dimensions offers an intuitive graphical user interface for traditional user-driven searching, as well as an application programming interface (API) for more complex queries and data extraction.
Methodology
	Data requirements for this study were specified by Galter Library and relayed to the Dimensions team for constructing and running queries on their database. A small pilot was conducted to test the feasibility of using Dimensions, looking at all clinical trials available in Dimensions that were affiliated with Northwestern University. In order to produce a manageable data set, results were narrowed to focus on Dermatology as a sample department at Feinberg using the keyword "skin" as a filter. Upon retrieving the data, the data scientist at Dimensions extracted publication information from the clinical trials records and returned a list of the journals cited along with a count of the frequency of citation to librarians at Galter for analysis. Any journal with more than one citation was compared against the library's holdings to identify gaps in the collections. Following this pilot, further research on clinical trials was halted pending the availability of more granular data from the Dimensions API.
	Encouraged by the results of the clinical trials pilot, a more in-depth study was then undertaken to examine patent data in Dimensions. Galter Library requested data for all patents where Northwestern University was the assignee with filed dates between 2008 and 2017. The data scientist at Dimensions utilized a combination of user-interface and API searches to construct queries and extract the data from Dimensions, returning the combined results in a spreadsheet. The fields extracted included patent-level information, such as patent title, filed date, jurisdiction, legal status, and inventor names. This was joined with data from individually extracted citations, including cited article publication year, journal name and ISSN, publisher, and Open Access (OA) status. Librarians also requested the Dimensions-applied Research, Condition, and Disease Categorization (RCDC) code for each patent to allow for filtering on medical topics relevant to Feinberg researchers. Although originally developed by the National Institutes of Health (NIH) for tracking grant funding areas, this code is applied by Dimensions to all indexed content using machine learning algorithms to provide an option for sorting data into research areas. The resulting data were sent to librarians at Galter in spreadsheet form for further analysis.
	Librarians utilized various tools, including Excel, Python in Jupyter Notebooks, and Tableau when analyzing the resulting data. Because of the need to separate out multi-value fields into individual records in order to extract RCDC codes, there were ultimately many duplicate records for individual journal article citations that had to be de-duplicated after the RCDC codes were analyzed and visualized using Tableau. The records were de-duplicated using the Dimensions publication ID to identify unique citation records. A subset of records related to dermatology was also identified for further analysis by identifying Dermatology faculty from Feinberg in the inventor field, and by searching patent titles for the keywords “skin,” “wound,” and “scar.”
	Python in Jupyter Notebooks was used to extract information from the patent data and perform basic calculations. Data extracted included counts such as the total number of patents filed per year, the total number of cited references per journal, and the number of citations received by each of the top twenty most-cited journals per year. Calculations were performed to obtain the age of each cited reference when compared with the patent filing date, and the average number of cited references per patent per year. 
	In order to make comparisons with the citation data against traditional metrics employed for collection development decisions, Counting Online Usage of NeTworked Electronic Resources (COUNTER) Journal Report (JR1) data and impact factor ratings for the top performing titles were collected for 2017. Although impact factor scores are available from Dimensions, this small subset of scores was collected after the initial Dimensions data collection using InCites Journal Citation Reports. The year 2017 was the most recent one available for impact factor scores, and COUNTER data were limited to one year to correspond with the impact factor score and due to the limited availability of consistent data for all titles in question dating back to 2008. These data were then graphed against citation counts and evaluated using the Pearson correlation coefficient for comparison with traditional journal metrics. Pearson correlation is a measure of the strength of an association between two variables, and would help to demonstrate whether citation patterns correspond to usage and impact factor ratings. 
Findings
	The pilot investigation with clinical trials data did not reveal any gaps in Galter's holdings, though some titles were available to the library due to larger subscription packages managed by the Main Library at Northwestern. When compared with a journal citation analysis project conducted at Galter in 2017, only four of the top twenty most-cited titles from clinical trials (Journal of the American Academy of Dermatology, British Journal of Dermatology, New England Journal of Medicine, and the Lancet) were shared, indicating a possible difference in research deemed important for citation in clinical trials.19 This may be attributable to different motivations for citing articles in clinical trials, which can include self-citation and a focus on high impact outputs.20
	The most-cited journals in patents also had very little overlap with previous citation patterns analyzed from journal articles, though the total number of citations collected for a ten year period was much smaller (5,611 versus 948,527).21 One thousand one hundred sixty-three unique journals were cited by Northwestern-affiliated patents from 2008-2017, with 80 percent of citations pointing to the top 30 percent of cited journals. Again, Galter had current subscription access to the top twenty most-cited titles. The Proceedings of the National Academy of Sciences was the most-cited journal, followed by the Journal of the American Chemical Society, Science, Nature, and the Journal of Biological Chemistry. It was interesting to observe that 43 percent of the cited articles were OA, a much higher number than expected in the medical field, though it was not known if the articles were open upon publication or at the time the patents were filed. The RCDC codes showed the highest number of patents were focused on bioengineering, followed by neuroscience, nanotechnology, assistive technology, and cancer.
	In examining the total number of patents filed per year, there was an observable upward trend from 2008 to 2015, with a drop-off from 2016-2017. Given the slow nature of the patent process, this could simply be a timing issue, with more patents available in any given database after two to three years of filing. The performance of the top twenty most-cited journals was examined over the ten-year period and remained stable. In evaluating the average number of cited references per patent per year, it was interesting to observe a consistent average of ten to twenty references per patent, as shown in Figure 1. This would seem to indicate that there is a common threshold of non-patent literature necessary for the citation of prior art when filing patents.
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Figure 1 Average Number of Cited References Per Patent Per Year, 2008-2017
	The age of cited references when compared with the patent filing dates showed most references were between two and eighteen years old. This is a much older set of citations than what was observed from traditional journal articles, which had a dramatic concentration of articles at one to two years old and sharply dropped to insignificant levels after ten years (see Figure 2). This shows that the currency of published research has less bearing on its likelihood of being cited in a patent. It also indicates that older research is still valuable in demonstrating the novelty of inventions, making an argument for maintaining access to journal backfiles in a library’s collection. Some references had "negative" ages where the publication date of the article referenced was later than the patent filing date used for age calculations. Citations which are newer than the patent arise during the unique lifecycle of the patent discussed previously in the literature review.
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Figure 2 Age of Cited Reference Compared to Age of Patent Filed, 2008-2017
	Librarians briefly examined dermatology-focused patents to compare against the clinical trial pilot data, and to drill further into a subject-specific view of the data. Although this approach worked well when conducting a citation analysis on journal articles, only 150 patents were identified which cited 101 unique journals, making for a much smaller dataset. From this set, the five most-cited journals were the Journal of Biological Chemistry, the Journal of Investigative Dermatology, Nature Biotechnology, Plastic & Reconstructive Surgery, and the Proceedings of the National Academy of Sciences. None of these titles overlap with the top twenty dermatology titles identified from the clinical trials, which points to a difference in citation patterns between patents and clinical trials, though a larger data set would be needed to explore further.
	A comparison of the patent citation data against traditional journal metrics was somewhat limited given that the patent data spanned ten years, and COUNTER and impact factor data were only collected for 2017. However, an R-value of 0.8137 was observed when comparing COUNTER JR1 data for 2017 against citation counts for the top twenty journals, indicating a strong correlation. Examining only patents from 2017 with the 2017 COUNTER data yielded an R-value of 0.6068, a moderate correlation, which was strengthened to 0.8398 when outlier titles such as Nature and Science were removed from consideration. As Figure 3 shows, impact factor did not correspond with observed citation patterns in the 2008-2017 set, or the narrower 2017 data. These findings support past observations that citation patterns tend to correspond with journal usage. Impact factor remains a questionable metric for collection development decisions, and it might be worth utilizing more modern metrics instead, such as the Source Normalized Impact Per Paper (SNIP) score, which corrects for field differences in citation patterns and measures contextual citation impact.22
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Figure 3 Patent Journal Citations 2008-2017, vs Usage and Impact Factor
Discussion
	Librarians undertook this study in order to determine whether it would be feasible to reproduce a traditional citation analysis study using clinical trial and patent data from Dimensions, and although this has yet to be explored in-depth for clinical trials, the patent data was useful in identifying citation patterns of interest. This does, of course, come with some caveats due to the nature of patents as documents. There was some question as to whether the filing date was the best date for evaluating metrics such as the age of the cited reference when compared with the patent, as citations can be added well beyond this date, though not necessarily by the filer. Unlike journal articles, there are generally fewer citations to non-patent literature in patents, making for a much smaller data set depending on the data gathering criteria. This can result in outlier patents having a stronger influence on the overall view of the data, which may be complicated by citation behaviors that are more prominent in specific fields such as physics and chemistry, which tend to cite non-patent literature heavily.
	For the purposes of collection development, librarians were pleased to discover no gaps in the collections at Galter Library. Despite the common belief that scholarship in science, technology, engineering, and mathematics (STEM) areas is most relevant in the first one to two years of publication, this was not observed in patent citations, highlighting the need to maintain access to journal backfiles. Although some of the usual top journals were heavily cited by patents, there seem to be different "core" titles for patents when compared with journal articles and clinical trials, strengthening the relevance of citations from patents and clinical trials for collection development decisions. It was also interesting to observe the large percentage of cited articles which were OA, a publishing practice that has yet to be fully embraced in some STEM fields. This may be attributed to research funding requirements, which increasingly mandate making any outputs of funded research openly available when published.
	The enriched data available from Dimensions have vastly expanded potential avenues of research into citation patterns and other factors in the research landscape that are of interest to libraries, particularly when considering publication types such as patents. The availability of more granular data allows for a better understanding of OA trends at Northwestern, which is a starting point for examining the influence of funding in these areas. Librarians also see potential for studies examining patent to patent influences, article metrics beyond the impact factor, and patterns and trends within classification schemes such as RCDC.
Conclusion
	Overall, clinical trials and patents proved fruitful sources for citation data, especially in an environment where these outputs are central to the translational medicine enterprise. As with citation analyses involving journal articles, the use of patent and clinical trial data should be combined with other metrics for the fullest view of local activities and priorities. The investigation into these resource types was an excellent opportunity to better understand the life cycle of patents and how research contributes differently to efforts at invention when compared with traditional scholarly communication. Librarians at Galter Library plan to use the results of this study to further examine the status of the core titles identified in the larger collections landscape, and to hopefully initialize new investigations into clinical trials and patents to better support the Feinberg and NUCATS communities.
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