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Abstract 

Purpose: The primary goals of this research project were to examine library impact on 
faculty productivity and to explore how publication patterns of faculty at a public 
research university changed over time. To address these questions, the project used 
various usage statistics: collection size (measured by journal holdings), collection use 
(measured by number of references in the publications), publications (number of 
publications by faculty), publication impact (measured by number of citations), 
number of co-authors, grant funding, page counts, and faculty demographic 
information. Publication data for faculty at a large urban public research university 
were obtained from Scopus. Analyses of the data revealed several variables that affect 
journal publication patterns including number of references used in publications, 
number of authors, and grant funding. 

 

Audience: Library executives, administrators, managers, and professionals. 
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Introduction 

Academic libraries are often challenged to demonstrate the need for greater funding 
for resources, particularly when universities are facing budget challenges. The 
challenges are compounded because library impact on faculty research productivity 
and impact cannot be directly valued. This research seeks to demonstrate how the 
availability and use of library collections both increases and impacts faculty 
productivity. 

Why It Matters to Research Libraries 

At a research-intensive institution such as the University of Illinois Chicago (UIC), 
one of the missions is: “to create knowledge that transforms our views of the world 
and through sharing and application, transforms the world.” Seeking national and 
international impact and visibility, UIC sees itself as a hub of innovation. To do this, 
researchers must have access to knowledge and information to explore, innovate, and 
create new knowledge. Once this is accomplished, dissemination through publication 
is often key. The UIC University Library’s mission is to “empower the UIC community 
to discover, use and create knowledge.” Related to our mission, one of our goals was to 
expand integration of the library into UIC faculty and students’ research lifecycle. 
UIC’s library, like all academic libraries, develops collections to enable teaching, 
learning, and research. Because we are accountable to our users and want to ensure 
that our investment in resources is utilized, we would like to demonstrate evidence 
that the resources provided by the library for research purposes have an influence in 
terms of use, productivity, and impact. As noted in the ARL Research Library Impact 
Framework, it is important to explore how the library may influence the lifecycle of 
research and scholarship by exploring how it enables, fosters, and promotes relevant 
and unique research, increases productivity, and enables research collaborations.1 

Objectives 

Key objectives: 

• Determine the extent to which the number of journals available influences the 
number of references that are cited in journal article publications. 



Association of Research Libraries 6 

• Calculate the extent to which the number of references included in
publications correlates with faculty productivity.

• Analyze whether the number of references used in a publication had a
relationship with the later impact of the publication (citations the article
receives).

Hypothesis 

This research project aims to prove: 

1. The increase in availability of journals in a library’s journal collection has
increased the number of articles cited in publications and the number of
publications by the faculty using that library.

2. The more an author publishes, the fewer the references are included in their
publications.

3. The more references that are included in a publication, the greater impact it
will have later.

Literature Review 

The early 2000s saw a major shift in the journal collections of academic libraries. 
Libraries gained access to greater numbers of journals through “big deal” journal 
licenses. In addition, access to the journals was transforming. No longer did users 
have to enter the physical library to access journals, but instead they could do so 
remotely online in their home or office. In addition, the number of indexing and 
abstracting tools available remotely was increasing. Libraries began to reduce the 
print journal collections in favor of online journal collections.2 The impact of the 
online journals on the use of the print collection was also observed. In one study 
examining the use of references in health sciences faculty journal articles, the use of 
journals only available in print had decreased in several disciplines (dentistry and 
nursing), while the use of journals available in an online format had increased.3 The 
number of references included in journal articles increased as journals and databases 
moved online.4 Brennan et al. noted through their interviews with faculty that online 
journals and databases have allowed for easier access to the literature and a greater 
number of articles.5 As online databases and journals have now become ubiquitous in 
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most disciplines, the impact of online journals on references in publications has not 
been studied in-depth in recent years. 

Relationships between the behaviors of researchers and library use have also been 
reported. Tenopir et al. asked faculty to recall how many scholarly articles they had 
read in the past 30 days and the source of the articles they read.6 Faculty members in 
research-oriented positions reported reading articles more for research purposes 
(62%) compared to teaching-oriented faculty (49%). Faculty members engaged in 
research also reported a greater amount of their reading materials (58%) were from 
the library compared to teaching-oriented faculty (38%). In a survey of health sciences 
faculty, 91% reported their primary reason for searching for articles was for research 
purposes, followed by keeping current (63.8%), preparing instruction (57.7%), and 
caring for patients (37.2%).7 

Libraries have also attempted to demonstrate the impact of the library on research. 
Rushton and Meltzer found a positive correlation between the number of current 
journal subscriptions (among other variables) and total publications and concluded 
that revenue was the primary factor that could predict the result of other examined 
variables, including productivity.8 Rawls used ARL library expenditure data and other 
metrics—including faculty publications and research expenditures—and concluded 
that research productivity was positively correlated with electronic library resource 
expenditures.9 A more recent study compared ARL expenditures data, grant 
expenditures, and faculty articles in journal publications.10 The authors found a 
correlation between the number of research publications produced at an institution 
and library expenditures, collection size, and the use of collections, including full-text 
article requests and total number of references included in articles. This study also 
found a weak but negative correlation between the number of publications at an 
institution and the number of references included in the publications, suggesting the 
more articles published, the fewer references that were included in publications. 

There are variables that could influence the data being examined for this study, and 
when possible, data will also be collected for those variables, and they will be 
incorporated into the analysis to manage possible confounding variables. For example, 
when exploring the impact of the NIH public access policy on the citation rates of 
journal articles it was found, in general, that NIH funded articles were cited more 
than non-NIH funded articles in the same journals.11 Whether an article was funded 
and its relationship to other variables will be explored. It has also been reported that 
the more authors on an article, the more the article is cited.12 However, if multi-
authored papers take longer to complete and publish, this advantage is lost. It was also 
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found that longer papers tend to be cited more than shorter ones, but “the larger 
citation rate for many-authored papers is not due to the higher citation rate for longer 
papers because they tend to be shorter than few-authored papers.”   Since these 
findings have not been explored in some time, they will also be examined in this study, 
in part to avoid confounding. 

Methodology 

The primary goals of the current research project are to examine library impact on 
faculty productivity and to explore how publication patterns of faculty at a public 
research university changed over time. To address these core questions, the project 
used various usage statistics: collection size (measured by journal holdings), collection 
use (measured by number of references in the publications), publications (number of 
publications by faculty), publication impact (measured by number of citations), 
number of co-authors, grant funding, page counts, and faculty demographic 
information (status and years at UIC). Below are the details of how each of the data 
points was retrieved from what platform, and what methodological limitations or 
constraints we encountered. 

Retrospective journal publication data was collected to determine how publication 
patterns of faculty have changed over time, as the size of the journal collection at UIC 
increased. Between 1995 and 1999 (prior to the library’s licensing of online journals), 
the UIC Library had approximately 15,948 active print journal subscriptions. In the 
late 1990s, the library began to license online journals, starting with a package of 15 
biomedical journals in 1998.13 In 1999, there were 204 online journals and by 2000 the 
library had more than 3,000 journals. By 2008, close to 25,000 online journals were 
available remotely through the UIC library. The collection continued to grow and by 
2019, the library had approximately 28,000 online journals. This means over 12,000 
journals not previously in the collection had become available for UIC students and 
faculty through online journals. In addition to this, to increase space for users in the 
library and because a separate science library had been closed, the back files of many 
journal subscriptions were also licensed or purchased, facilitating online access to 
older material available that had previously only been available in print through the 
UIC library. 

The library collection’s impact on research was explored by examining UIC faculty 
publications  during the time they were at UIC, using publication data obtained from 
Scopus. For each author, it was noted how long they were at UIC, how many 
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publications they produced within five-year increments, and the average references 
included in these publications. For each publication we noted the author’s name; 
number of references used in the publication; number of citations received by the 
article within a five-year and ten-year publication timeline; how many authors were 
involved in the publication; and if the publication was grant funded. Within Scopus, 
only “articles” were explored by applying the “article” filter under document type to 
limit retrieval. This eliminated most articles that would be considered “review” 
articles and other publication types such as “letters to the editor.” Review articles 
were excluded because they tend to include greater numbers of references than 
research articles. Members of the research team retrieved publication data from 
Scopus for a set of assigned authors based on the time the authors had been at UIC. 

The Scopus API was explored to obtain the needed data. However, it did not appear it 
would have allowed the precision needed to ensure that the publication data collected 
was limited to the specific authors included in the study, and only during their time at 
UIC. In addition, it would not have been possible to obtain the number of references 
that were included in the publications, nor the number of citations the publications 
received, over a controlled period of time. Because there would have been clean up 
from the API to only focus on the publications by specific authors and because it 
would have been necessary to return to Scopus to obtain citation numbers, it was 
more practical to collect all data at the same time. However, there was a time 
commitment to this process, and it required several librarians to assist with the data 
collection. Precision about the authors included in the study was necessary to have a 
controlled group to observe changes in publication patterns over time, based on the 
availability of journals. 

We would like to have explored our journal holdings at the time that the articles were 
being published and whether UIC authors were using journal articles from UIC 
subscriptions as references in their papers. However, it was difficult to ascertain at 
the present time what journals were licensed by the library and when. Due to the 
closure of the science library, back files of many online journals were licensed and the 
print copies were removed. This makes it difficult to know when the library 
subscribed to the journal in print and for how long. When the journals were removed, 
so was their print record in the catalog. In addition, when the library licenses a 
journal online, access to the volumes is often retrospective and the period in which 
the library obtained the journal is not readily available. Therefore, for example, if we 
have a journal with 25 years of access available online, we cannot tell from the catalog 
if we previously had that journal in print with volumes dating back 25 years, or if we 
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recently obtained access to the journal, including backfiles, and did not previously 
have print or online access. 

Despite not being able to explore all the journals cited over the past 25 years 
compared to our holdings at that time, we did explore the cited references included in 
more recent publications to our online journal collection. To do this, a search was 
conducted for the 2016 to 2019 publications of UIC health sciences faculty to retrieve 
references used in the publications, and these were compared to Serials Solutions 
click through data from 2015 to 2019. 

An approach we were not able to use involved exploring the impact of the journal 
collection on scholarship comparing different academic institutions with different 
journal collection sizes to determine the differences in publication volume and 
collection use over a much shorter, more recent time period. Institutions with 
different size journal collections could be compared to explore what the average 
number of faculty publications a year is, what the number of references typically 
included in the publications is, and what the later impact of these articles is. ARL no 
longer collects data on the number of journal holdings. However, it would be possible 
to reach out to institutions to get an idea of the number of current journal 
subscriptions. Because current subscriptions are likely stable at most institutions, it 
should be possible to explore references included in recent publications (past 2–5 
years) to determine the percentage of cited references that were found at the authors’ 
institution. This would be similar to the methodology described in the paragraph 
above, but it would include multiple institutions and would provide insight into the 
percent of references that are held at an author’s institution. 

Key Performance Indicators 

Table 1: Performance Indicators and Research Question 

Topic Key performance indicators Research Question 

Collection size and 
collection use 

• Number of journals
available in 5-year
increments

• Number of references in
publications 

Does the number of 
journals available impact 
the number of references 
in publications? 

Collection size and 
productivity 

• Number of journals
available in 5-year
increments

Does the number of 
journals available 
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Topic Key performance indicators Research Question 

• Number of articles per
author per 5-year
increment

influence productivity of 
faculty? 

Collection use and 
productivity 

• Average number of
references in publications

• Number of articles per
author per time period

• Influencing variables: the
average number of co-
authors (we would need
to use SPSS to give us the
average number of co-
authors per time period)

Does the number of 
references in publications 
predict productivity? 

Collection use and 
publication impact 

• Number of references
• Number of citations after

5 years or 10 years
• Influencing variables:

number of co-authors and
page count

Does the number of 
references predict 
productivity when other 
influencing variables held 
constant? 

Collection use and 
grant funding 

• Number of references in
publications

• Is the publication grant
funded

Do grant funded 
publications include more 
references than non-grant 
funded publications? 

Collection use and page 
count 

• Number of references
• Page count of articles

Does the number of 
references included in a 
publication influence 
page-count? 

Collection use and co-
authorship size 

• Number of references in
publications

• Number of co-authors on
publications 

Does the number of co-
authors influence the use 
of the collections (# of 
references)? 

Co-authorship size and 
later impact 

• Number of citations an
article receives (excluding
self-citations)

• Number of co-authors

Does the number of co-
authors on a paper 
influence the later impact 
of the publication? 

Grant funding and later 
impact 

• Is the publication grant
funded

Does grant funding for a 
publication influence the 
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Topic Key performance indicators Research Question 

• Number of citations an
article receives (excluding
self-citations)

later impact of the 
publication? 

Page count and 
publication impact 

• Number of citations (5-
year and 10-year period)

• Page count of articles

Does page count have a 
relationship with the later 
impact of an article? 

Co-authorship size and 
grant funding 

• Number of co-authors
• Is the publication grant

funded 

Do grant funded 
publications have more 
co-authors? 

Co-authorship size and 
page count 

• Number of co-authors
• Page count of articles

Does the number of co-
authors influence page-
count? 

Methods 

To explore how the library might impact research productivity, we collected several 
data sets related to the publications of our faculty. 

Types of Data Sets and Procedures of Data Collection 
To explore how the size of a collection impacts the number of references that are 
included in a paper, Scopus was searched for articles written by UIC authors. We 
wanted to be systematic about this, because while many faculty are at UIC for a long 
period of time, some faculty come and go. We wanted to explore faculty who had been 
at UIC for a long period of time to see if their behavior changed as the collections 
changed. We requested a list of tenure system faculty members who had been at the 
University of Illinois Chicago for at least five years from our Office of Institutional 
Research and requested the following information about them: rank, college, 
department, and number of years at UIC. To avoid confounding, faculty were dropped 
from the study who were located at UIC’s regional locations (Rockford, Peoria, 
Urbana), because they would have had access to much smaller print collections. In 
addition, faculty from the College of Architecture, Design and Arts were dropped from 
the study as they typically don’t publish in journals. We excluded authors who were in 
fields where they had high numbers of publications that were usually written with 
multiple authors (i.e., physics). For the College of Liberal Arts and Sciences (LAS), 
because of the diversity of disciplines covered, we took several steps to create broader 
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categories based on UIC’s organization of the disciplines with LAS. Disciplines such as 
chemistry; biological sciences; earth and environmental sciences; physics; and math, 
statistics, and computer science were recoded to “natural sciences” and disciplines 
such as sociology; economics; political science; psychology; African American (now 
Black) studies; communication; Latin American and Latino studies; anthropology; 
economics; criminology, law, and justice were recoded to “social sciences.” In 
addition, we eliminated faculty in the humanities because they are less likely to 
publish journal articles. We then categorized faculty into groups based on how long 
they had been at UIC. Based on that category we would not look at any older 
publications by that author—again, to avoid confounding with publications that may 
have been written when they were at another institution (see Table 2). 

Table 2: Publications Explored based on Years at UIC 

Years at UIC Cut off for publications 
explored 

5 Years No older than 2015 

10 Years No older than 2010 

15 Years No older than 2005 

20 Years No older than 2000 

25 Years No older than 1995 

 
Members of the research team used Scopus to retrieve the publications of each faculty 
member that remained in the study. To retrieve the data from Scopus, once the team 
member was in Scopus, they would click on the tab to indicate they were conducting 
an author search. The last name and first name of the faculty member was entered 
into Scopus. The team member would select the result(s) where the author’s name 
displayed UIC as the affiliation. If more than one result was retrieved for an author by 
the same name and institution, then all were selected to obtain the full list of faculty 
publications. On the left-hand side of the screens, the Year facets were used to exclude 
publications outside of the date range predetermined for the faculty member. The 
Document Type facet was used to limit results to “articles.” The main goal was to limit 
results to research articles. Although clicking “articles” does not guarantee they are 
research articles, it does eliminate most review articles and other article types such as 
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editorials or conference papers. Next, the team member would click to select all 
publications in the remaining list and export a list of publications. In addition to 
including the citation information (authors, title, journal name, volume, issue, pages, 
DOI) that is selected by default in the system, “funding details” was also selected to 
know which journal articles had been grant funded. The file was opened, and the 
contents copied and pasted into a master file. An additional column was added to the 
spreadsheet for an assigned UIC author ID for the author being searched, so 
publications by that author could be counted. At this time, the team member went 
back to the results in Scopus and clicked on each publication title to obtain the 
number of references that were included in each publication. 

The funding details provided by Scopus most likely comes from disclosures in the 
articles. The 1995 findings of a survey of editors of North American medical journals 
revealed that only 28% of respondents required the authors to reveal the source of 
their funding in publications.14 A 1998 JAMA article supporting financial disclosure 
notes, “Beginning in the early 1980s and continuing to the late 1990s, journals, federal 
agencies, university and medical associations, and the media have issued policies on 
financial disclosure for authors, reviewers, or grant applicants.”15 The authors did not 
find more recent articles providing more up-to-date information on the current 
landscape, but some disciplines were reporting information. For example, of 173 
publication health journals, ninety percent were found to have policy related to 
reporting funding information. The authors believe that open access (OA) policies 
such as the NIH OA policy would have likely increased disclosures of funding, to 
demonstrate compliance with the policy. In a 2020 case study by Liu, they found that 
68% of the funding information for their 26 English published papers was inaccurate.16 
Therefore, comparisons using funding data provided through Scopus will be used to 
explore but not confirm publication patterns. 

Data Preparation 
Once the data collection was complete, the number of commas used to separate author 
names was tabulated using a formula in Excel: plus one (plus one because there is one 
fewer comma than authors in the list of authors), to indicate the number of authors in 
the article, and this data became available as a variable. In addition, the length of an 
article was determined through a formula in Excel, to subtract page start from page 
end, and this data became available as a variable in the spreadsheet. 

To determine if the number of references included in a publication had a later 
influence on the number of citations the article received, the team member also 
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obtained the number of citations that the article had received. To avoid confounding, 
because the older an article is, the greater the number of citations an article can have, 
the age of the citations that were counted was also standardized. In addition, self-
citations were excluded. To obtain this information, for each publication, the team 
member scrolled to the top of the page for the publication and clicked on “view all 
metrics.” On the metrics page, “exclude self-citations” was clicked and the date range 
was adjusted relative to the age of the article to obtain the citations that an article had 
received in the last five years and the last ten years (see Table 3). This information was 
recorded in additional columns added to the spreadsheet listing all the publications 
written by the UIC authors included in the study. 

A second spreadsheet was also being maintained to summarize the publication 
information for each author. The total number of publications, total number of 
references, and average number of references for each author was recorded for the 
following time periods as appropriate: 1995–1999, 2000–2004, 2005–2009, 2010–2014, 
and 2015–2019.  

Table 3: Date Range for Citations Obtained Based on the Year of Publication 

Year 5 years 10 years 

2015–2019 n/a n/a 

2014 2014–2018 n/a 

2013 2013–2017 n/a 

2012 2012–2016 n/a 

2011 2011–2015 n/a 

2010 2010–2014 n/a 

2009 2009–2013 2009–2018 

2008 2008–2012 2008–2017 

2007 2007–2011 2007–2016 
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Year 5 years 10 years 

2006 2006–2010 2006–2015 

2005 2005–2009 2005–2014 

2004 2004–2008 2004–2013 

2003 2003–2007 2003–2012 

2002 2002–2006 2002–2011 

2001 2001–2005 2001–2010 

2000 2000–2004 2000–2009 

1999 1999–2003 1999–2008 

1998 1998–2002 1998–2007 

1997 1997–2001 1997–2006 

1996 1996–2000 1996–2005 

1995 1995–1999 1995–2004 

 
The author names were divided up among five people. Once the data were collected, 
the spreadsheets from each team member were merged into one spreadsheet 
summarizing the publication information of author and one spreadsheet listing the 
publications of each author. As noted, the spreadsheet listing the publications of each 
author in the study also included the author ID (assigned by UIC), the number of 
references included in the publications, and the number of times each publication was 
cited in a five- and ten-year period, for articles at least 5 years old. The discipline of 
the author was also added to the spreadsheet. The number of commas that were 
included in the column listing all the authors on a publication were counted and plus 
one was added, to obtain the number of authors on a publication. Publications that 
had grant funding typically had the name of the grant funder in the funding column. 
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To standardize this information, the data was recorded to just indicate if there was 
funding or not, instead of listing the specific funder(s). 

Once the spreadsheets were merged, further cleanup of the ARL data occurred. 

For the author summary spreadsheet: 

• Authors who did not have a consistent publication record (i.e., there were no 
publications in the last five years of the study) were removed from the study. 

• Faculty who did not have any publications were removed from the study. 
 

For the publication spreadsheet: 

• The publications of the authors removed from the study were also removed 
from the study. 

• In some cases, Scopus did not include the number of references that an article 
received. These publications were dropped from the study and the author’s 
publication number updated in the author summary spreadsheet. This occurred 
primarily with publications published between 1995 and 1999. 

• Because some authors included in the study were co-authors on some of the 
publications included in this study, duplicate publications were removed from 
the compiled spreadsheet of all UIC author publications prior to analysis. 
Removal of duplicate publications did not impact the author summary 
spreadsheet. 

Descriptions of Variables 
The data in the excel spreadsheets were entered and coded into SPSS. Excel and SPSS 
were used to analyze the data. A list of the variables explored based on the 
spreadsheets are included in Table 4. 
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Table 4: All Variables 

Library Holdings and 
Faculty Productivity 

• Number of journals available at UIC in 5-year time 
periods 

• Number of articles published in 5-year time periods 
All variables at the author 
level 

• Number of articles published per year and in time 
periods 

• Number of references total included in publications 
by author in 5-year increments 

• Average number of references per article by author 
in 5-year increments 

• Average number of co-authors per article in 5-year 
increments 

• Discipline 
• Rank 

All variables at the 
publication article level 

• Author ID 
• Year of publication 
• Journal title 
• Discipline 
• Number of references in the article 
• # of citations first 5 years 
• # of citations first 10 years 
• # of co-authors 
• Page count 
• If article was funded (yes/no) 

 
We would have liked to compare the data to a more accurate number of journals 
licensed or subscribed to by the library at the time an article was published, but that 
information was not easily obtainable. UIC had reported journals holdings to ARL for 
the ARL annual statistics, but by 2011, ARL stopped collecting this data. In addition, in 
looking at UIC’s own reported data, the wide variability between years brings into the 
question the accuracy of what was reported. From 2002 to 2011, the annual journal 
holdings reported by UIC to ARL was 19,732; 25,483; 31,236; 26,665; 50,006; 44,614; 
67,318; 54,997; and 65,398. Given our current journal holdings are likely 28,000, and 
we have not cut significant numbers of online journals, some of our reported ARL 
numbers may have included backfile holdings and full-text journal runs from 
databases in addition to current journal subscriptions, inflating the numbers. The 
collections librarian examined various resources and developed a model of more 
realistic number of current journal subscription holdings over time to use in 
comparison with other data. 
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To look more specifically at use of the UIC collections in publications, a search was 
conducted for the 2016–2019 journal publications indexed in Scopus of UIC health 
sciences faculty who had been at UIC for at least 20 years. Once the list of publication 
was limited to “articles” in Scopus, the list of publications was selected and “show 
references” was clicked in Scopus. This displayed the list of all references included in 
those publications. The references were exported from Scopus, 20,000 at a time as a 
CVS file. The list of journals was deduplicated and the total number of times each 
journal was used as a reference in a UIC journal article was complied. A report of 
Serials Solutions click-through data from 2015 to 2019 was also run to show the 
number of times the journals were accessed through the Serials Solutions link-out 
feature. The two lists of journals were combined through a series of find and replace 
steps in Excel to match journal titles (i.e., “Jama: Journal of the Medical Association” 
and “Jama – The journal of the Medical Association”) and v-look. Through this 
process, journals that were included in the references but unlikely available online at 
UIC were identified. Journals cited at least three times but not appearing in Serials 
Solutions because the previous steps did not create an exact title match were looked 
up in the library’s catalog to determine if journal access was available. 

Resources Required 

1. Researchers and Roles 
The largest resources needed for this project were time, patience, attention to detail 
and validation of the findings. As noted, there were five library faculty that were 
involved in searching for and recording the data. While we could have taught students 
how to run searches in Scopus and collect the data, we did not have funding for this. 
All five library faculty members were involved in developing the methodology and 
ensuring the search process was sound before independent data collection began. All 
faculty members did a trial run of data collection to ensure the process was 
understood and followed. One faculty member compiled the individual datasets into 
spreadsheets for the final data analysis (author summary spreadsheet, publication 
spreadsheet). One faculty member also analyzed the data in excel and SPSS. 

2. Skills 
Sandra De Groote, MLIS, professor and scholarly communication librarian: Sandra 
De Groote will lead the project, contributing skills in designing the research 
methodology, guidance on data collection, and statistical analysis. Her research focus 
has been the impact online information have had on the use of libraries and the ways 
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in which information is used. She also is interested in methods to demonstrate the 
impact the collections have on faculty research success. 

Jung Mi Scoulas, PhD, assistant professor and assessment coordinator: Jung Mi 
Scoulas holds a PhD in Educational Psychology from the University of Illinois 
Chicago. She leads library assessment, research experience in designing both 
quantitative and qualitative methodology, preparing IRB materials, conducting 
interviews, developing surveys, data analysis, data visualization, and writing reports 
and manuscripts for various stakeholders.  

Paula Dempsey, PhD, associate professor and head of Research Services and 
Resources: Paula Dempsey holds a PhD in sociology and has taught research methods 
at the graduate level. Her research primarily draws on qualitative methods, and she 
recently published an article on the use of qualitative approaches in LIS research: 
"How LIS Scholars Conceptualize Rigor in Qualitative Data," portal: Libraries and the 
Academy, 18 no. 2 (2018): 363–390, doi:10.1353/pla.2018.0020. 

Felicia Barrett, MLS, associate professor and regional head librarian, Library of 
Health Science in Rockford: Felicia Barrett’s research focus has been comparing the 
use of print versus electronic resources. 

Deborah Blecic, MLS, professor and collections coordinator: Deborah Blecic’s 
research has focused on the use and adoption of electronic resources by library 
patrons, issues for libraries in gathering and interpreting electronic resource use data, 
and the use of the data to inform library services and collections. 

3.Technical Resources 
This project heavily relied on the institution’s subscription to Scopus and subscription 
to Box (box.com). Scopus allowed us to access the publication data. Box allowed us to 
store our data independently in the same Box folder, and collect data and update 
individual datasets at our own pace. At least one team member is also needed to 
analyze the data. 

Findings 

Summary of key findings: 

• The number of publications written by faculty per year has increased over time 
as has the number of journals available. 

• The number of references included in the publications has increased over time 
as has the number of journals available. 
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• There is a negative but non-significant relationship between the number of 
articles published and the number of references used. In pharmacy, this 
negative relationship is significant, meaning the greater the number of 
publications, the fewer references used in the publications. 

• The number of references included in an article is significantly correlated with 
the number of citations an article later receives. The number of authors also 
plays a role. 

• The number of references included in an article is significantly correlated with 
the number of authors on a publication. 

• The number of citations an article receives is significantly correlated with the 
number of authors. 

• Grant funded articles include more references than non-grant funded articles. 
• Grant funded articles are cited more than non-grant funded articles. 
• Grant funded articles have more co-authors than non-grant funded articles. 
• The number of authors on an article is negatively correlated with page count. 
• The number of references included in an article is correlated with page count. 
• The number of citations an article receives is correlated with page count. 

 

To visualize the key findings, Figure 1 shows the relationships among variables. 

Figure 1. Relationships among Variables.  
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Note: This map displays visualizations of relationships among variables based 
on Table 1 rather than directed dependencies among a set of variables. Green 
arrows indicate a positive statistical correlation, whereas red arrows refer to 
negative correlations. 

Productivity (Measured by Journal Publication Data) vs. 
Collection Size (Measured by Journal Holdings) 

The overall publication patterns of all included in the study were examined in relation 
to the number of journals held in the collection/licensed by UIC. The average number 
of publications per author has increased over the years (see Table 1 and Figure 1). As 
the number of journals available to faculty increased, the number of references 
included in their publications have also increased (see Table 5 and Figure 2). 

Table 5: Publication Data and Journal Holdings—All Faculty Included in the Study 
(1995 to 2019) 

 1995–1999 
2000–
2004 

2005–
2009 

2010–
2014 

2015–
2019 

Avg Publications/ 
Author 10.05 8.86 10.49 11.79 13.45 

Avg References/ 
Article 30.560 34.940 37.240 39.900 45.280 

Avg Journal Holdings 15947.4 21683.2 24921.6* 26540.8* 28160 

N 117 223 375 581 802 

*2005/2009 and 2010/2014 data are estimates for journal holdings.  
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Figure 2: Publication Data and Journal Holdings—All Faculty Included in the Study 
(1995 to 2019) 

 

Since the above information adds additional authors in each grouping of years, we also 
looked at just the authors who had been at UIC since 2000 to eliminate the possibility 
that it was new individuals to the institution who were citing more journals and 
publishing more articles. A one-way repeated measures ANOVA was conducted to 
compare collection use (measured by the average number of references and 
productivity (measured by the number of publications), respectively at Time 1 (2000–
2004), Time 2 (2005–2009), Time 3 (2010–2014) and Time 4 (2015–2019). The means 
and standard deviations are presented in Table 6. There were significant effects for 
time on the collection use (Wilks’ Lambda = .67, F (3, 220) = 35.78, p < .001, 
multivariate partial eta squared = .33) as well as on the productivity (Wilks’ Lambda = 
.92, F (3, 220) = 6.721, p < .001, multivariate partial eta squared = .084). This finding 
suggests that the number of articles written by faulty over the years has increased 
significantly over time, as has the average number of references that are included in 
the articles (see Table 6 and Figure 3). 
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Table 6. One-way Repeated Measures Analysis of Variance Comparing Average 
Number of References (Collection Use) and Publications (Productivity) across Four 
Time Points (n = 223) 

Variables Time 1 

(2000–
2004) 

Time 2 

(2005–
2009) 

Time 3 

(2010–
2014) 

Time 4 

(2015–
2019) 

df F p Partial
 

Eta 
squared

M SD M SD M SD M SD 

References
 

34.9
4 

15.1
5 

36.5
0 

14.
67 

39.0
6 

15.9
8 

44.7
4 

17.7
4 

3,22
0 

35.7
8 

<.0
01 

.33 

Publications 8.86 6.8
3 

10.1
6 

8.3
0 

11.3
6 

9.8
7 

11.7
1 

13.2
0 

3,22
0 

6.7
2 

<.0
01 

.08 

Figure 3: Publication Patterns of Faculty at UIC since 2000 (n = 223) 
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Journal Article Publication Patterns by Discipline 

Productivity 
The publication data was also explored by discipline to determine if journal article 
publication patterns varied among different disciplines. On average, most health 
sciences colleges have increased in their publications over time (see Table 7 and 
Figure 4). However, several colleges declined in the number of publications from 
2010/2014 to 2015/2019 (dentistry, nursing, social sciences, and social work). 

Table 7: Average Publications of Health Sciences Faculty at UIC since 2000 

College 2000–2004 2005–2009 2010–2014 2015–2019 

Applied Health 
Sciences 

9.800 12.000 15.200 15.800 

Coll Medicine at 
Chicago 

10.024 11.988 13.256 14.110 

Dentistry 8.000 6.400 10.300 7.100 

Nursing 11.000 13.000 20.000 14.000 

Pharmacy 11.889 9.889 14.667 14.222 

School of Public 
Health 

6.333 9.133 10.067 11.067 

Social Sciences 5.952 8.476 9.429 8.667 

Social Work 5.667 6.333 6.667 5.000 
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Figure 4: Average Publications of Health Sciences Faculty at UIC since 2000 

 

 

It is possible that some of these faculty had been at UIC for a long period of time and 
the decreases are more reflective of their publishing less toward the end of their 
career or because they are in administrative positions that take their time from 
research. To explore this possibility, publications of all health sciences faculty at UIC 
since 2010 were examined (see Figure 5). This showed that social work and pharmacy 
still decreased but nursing did not. 
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Figure 5: Average Publications of Health Sciences Faculty at UIC since 2010 

 

In the non-health sciences related disciplines, only engineering had a steady increase 
in publications, while faculty in the natural sciences had a steady decline (see Table 8 
and Figure 6). 

Table 8: Average Publications of Non-Health Sciences Faculty at UIC since 2000 

College 2000–2004 2005–2009 2010–2014 2015–2019 

Business 
Administration 

3.333 2.222 2.778 2.111 

Education 3.667 7.667 3.667 3.667 

Engineering 9.857 13.143 14.607 18.000 

Natural Sciences 10.655 9.862 8.621 7.655 

Urban Planning & 
Public Affairs 

5.429 3.714 6.857 6.000 
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Figure 6: Average Publications of Non-Health Sciences Faculty at UIC since 2000 

 

Use of Literature in Publications 
In terms of references, for those faculty that had been at UIC since 2000, on average, 
faculty in all disciplines used more references in their publications over time. 
However, the average number of references included in nursing faculty publications 
decreased between 2010/2014 and 2015/2019. Even when expanding the faculty 
included in the analysis by looking at faculty at UIC since 2010, the number of 
references included in nursing faculty publications decreased (see Table 9, Table 10, 
Figure 7, and Figure 8). 

Table 9: Average References per Publication of Health Sciences Faculty at UIC since 
2000 

College 2000–2004 2005–2009 2010–2014 2015–2019 

Applied Health 
Sciences 

35.272 40.150 40.302 48.050 

Coll Medicine at 
Chicago 

33.623 35.146 37.425 43.580 

Dentistry 36.397 37.228 37.040 42.351 

Nursing 42.820 46.000 48.900 46.070 
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College 2000–2004 2005–2009 2010–2014 2015–2019 

Pharmacy 26.810 31.869 41.886 45.881 

School of Public 
Health 

31.960 33.371 35.119 37.103 

Social Sciences 48.428 44.477 49.946 57.390 

Social Work 33.423 34.560 45.563 52.053 

 
Figure 7: Average References per Publication of Health Sciences Faculty at UIC since 
2000 
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Table 10: Average References per Publication of Non-Health Sciences Faculty at UIC 
since 2000 

College 2000–2004 2005–2009 2010–2014 2015–2019 

Business Administration 34.970 36.892 42.963 47.518 

Education 40.933  40.057 42.730 47.667 

Engineering 25.032 32.194 29.955 40.064 

Natural Sciences 39.647 40.240 42.583 47.559 

Urban Planning & Public 
Affairs 

43.901 41.864 46.573 38.436 

 

Figure 8: Average References per Publication of Non-Health Sciences Faculty at UIC 
since 2000 

 

Publication Patterns by Rank 

Because faculty rank on the tenure system will change over time, only faculty at UIC 
since 2010 were examined. The rank was assigned based on their status at the time the 
list of tenure system faculty was received from the OIR. Full professors write more 
articles than assistant or associate professors, but the average number of references 

0.000
10.000
20.000
30.000
40.000
50.000
60.000

2000-2004 2005-2009 2010-2014 2015-2019

Business Administration Education

Engineering Natural Sciences

Urban Planning &Public Affairs



 

Association of Research Libraries  31 

included in the articles do not differ significantly based on ranks (2010–2019) (see 
Table 11 and Figure 9). 

Table 11: Average Publications and Average References Included in Publications by 
Rank 

Type Assistant Associate Full Findings 

Publications 16.83 17.89 29.35 
F(2,578) = 17.79, p < 
.001 

Average 
References 40.7 41.75 43.7 

F(2, 578) = 1.21, p = 
.298 

 
Figure 9: Average Publications and Average References Included in Publications by 
Rank 

 

Impact of Productivity on Use of Literature in Publications 

The articles published between 2010 and 2019 were examined to determine if there 
was a correlation between productivity (number of publications) with use of the 
literature (average number of references included in publications). There was a 
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negative but non-significant relationship between the number of articles written and 
the number of references included in articles (r(581) = -.029, p.489) (see Figure 10). 

In looking at just 2015 to 2019 articles and removing authors who wrote five or fewer 
articles, there was a significant negative correlation between the number of articles 
published and references used in the publications (r(607) = -.093, p.022) (see Figure 
11). 
 
Figure 10: Scatter Plot of Average References per Article and Average Publications per 
Author 
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Figure 11: Scatter Plot of Average References per Article and Average Publication per 
Author (who wrote at least 6 publications) 

 

 

Correlations between productivity and use of the literature was examined within the 
disciplines for the 2010 to 2019 publications. Only within pharmacy was a significant 
correlation observed; the more productive a faculty member, the fewer references 
included in their publications (r(26) = -.391, p = .048) (see Figure 12). 
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Figure 12: Scatter Plot of Average References per Article and Average Publications per 
Pharmacy Author 

 

Although the number of references used in publications may decline on some level the 
more an individual publishes, overall, the total number of references used in 
publications increased over the years as the number of journals available to the 
authors at UIC increased. In looking at 15 years of publications of faculty who had 
been at UIC for at 15 least years, as seen in Figure 13, although very prolific authors 
(who wrote 71 or more articles) used fewer references than the majority of productive 
authors (who wrote 6 to 70 articles), the number of references used still increased 
over time. Less productive authors (who wrote five or fewer) use fewer references in 
their publications overall compared to prolific and productive authors, but still 
appeared to increase the use of references in their publications over time. 
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Figure 13: Average Publications and Average References Used by Productivity Level 

 

Use of Literature in Publications and Later Impact 

Articles written between 1996 and 2009 were included in an analysis to compare the 
number of references included in an article and the later impact of the article, which 
is measured by the number of citations an article received within 10 years of the 
article being published. The number of references included in an article shows a weak 
but significant correlation with the number of citations an article receives (r(21193) = 
.184, p =.001) (see Figure 14). 
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Figure 14: Scatter Plot of Average References and Average Citations Received per 
Article 

 

Within the first 10 years of an article’s being published, articles get more citations 
between years 6 to 10, compared to the first 5 years. Over the years, the number of 
citations that articles have received has increased (see Table 12 and Figure 15). 

Table 12: Average Cited References by Year of Publication for the First 5 Years, 6–10 
Years, and First 10 Years 

Year First 5 Years 6–10 Years All 10 Years 

1996 11.61 13.05 24.76 

1997 8.19 10.63 18.52 

1998 10.53 12.08 22.72 

1999 12.32 14.32 26.66 

2000 9.10 12.67 21.77 

2001 13.07 16.45 29.43 

2002 12.21 18.11 30.37 
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Year First 5 Years 6–10 Years All 10 Years 

2003 13.91 16.94 30.91 

2004 12.83 15.62 28.45 

2005 14.17 18.57 32.73 

2006 13.35 17.13 30.44 

2007 13.17 17.46 30.71 

2008 14.42 19.36 33.86 

2009 13.29 16.36 29.74 

Average 12.3 15.63 27.93 

Figure 15: Average Cited References by Year of Publication for the First 5 Years, 6–10 

Years, and First 10 Years 

The relationship between the number of references included in an article and the 
subsequent references an article receives was also explored at the discipline level. The 
number of references included in publications was significantly related to the later 
impact of the article in all disciplines except for applied health sciences, the 
University Library and pharmacy. 
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Table 13: Number of References Correlated with the Number of Citations—All 
Publications since 2000 

Discipline Value 
Approximate 
Significance N 

Applied Health Sciences 0.057 .424c 196 

Business Administration 0.553 .000c 67 

Coll Medicine at Chicago 0.131 .000c 1979 

Dentistry 0.470 .000c 183 

Education 0.441 .000c 59 

Engineering 0.200 .000c 881 

Library 0.251 .386c 14 

Natural Sciences 0.162 .000c 743 

Nursing 0.272 .028c 65 

Pharmacy 0.043 .457c 304 

School of Public Health 0.232 .000c 284 

Social Sciences 0.200 .000c 362 

Social Work 0.354 .025c 40 

Urban Planning & Public Affairs 0.402 .000c 75 

All Colleges 0.175 .000c 5252 
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Confounding Variables 

As noted above, there is a positive relationship between the number of publications 
and the number of references included in an article and the number of references 
included in an article and its subsequent impact. In addition, over time there has been 
an increase in the number of references included in publications and an increase in 
the number of citations to articles. The increase in citations is reflective in general of 
more researchers using more references in their articles. It is possible that through 
the increase of library collections available to users, researchers increased their use of 
references included in publications, which also results in a greater impact of the 
research that was cited. However, there are several confounding variables that could 
impact the number of references included in publications and the impact of the 
publications, as measured by citations. The next section explores variables that can 
influence the outcomes explored in this report. 

Databases and Open Access Journals 
The findings indicate that there has been a significant increase in the references 
included in publications over time, and we can see that as the references increased, so 
did the journals available at UIC. However, there are other variables at play that 
would have contributed to the increase in references included in publications outside 
of journals licensed by UIC. At the time that access to journals was increasing at UIC, 
the number of databases was also increasing, which made identifying articles to read 
and include in publications easier to find, compared to relying on print indexes and 
abstracts or electronic database that could only be accessed at the physical library. It 
is likely that both changes influenced use of the literature: databases moved online 
and more databases were made available, making identification of and access to 
information easier. In some cases, the databases also contained the full-text of journal 
articles, making discovery even easier. Databases such as MEDLINE became publicly 
available through Internet Grateful Med in 1996 and PubMed in 1998, and new multi-
disciplinary databases also emerged such as in Scopus in 2004, and the freely available 
Google Scholar in 2004. In addition, open access journals began their launch, which 
made scholarly articles available free to all who had access to the Internet: 

◦ Growth of OA Journals
◦ 86 OA journals in 199517

◦ 12,193 OA Journals in October 201818

◦ 13,954 OA Journals in November, 2019
◦ 15,542 OA Journals in November, 2020
◦ 16,880 OA Journals in September, 2021
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Publications and Grant Funding 
To better understand the increase in publications, HERD data was obtained, providing 
grant funding data for UIC during the study period. It is assumed that grant funding 
will in part contribute to an increase in publications since faculty will write 
publications to report their findings. In general, the number of publications increased 
as the grant funding increased (see Figure 16). 

Figure 16: Average HERD Funding by 5-Year Time Period and Average Publications 

In general, the average number of publications per person increased as funding 
increased. The above represents the average publications of all faculty included in the 
study, which means the increase in publications could be influenced by the additional 
faculty that joined UIC over the years. Figure 17 represents the total number of 
publications of faculty at UIC in comparison to HERD grant funding data. Although 
not all the articles may have been grant funded, the number of publications increased 
over time as grant funding increased. 
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Figure 17: Herd Funding and Total articles of Faculty at UIC Since 2000 

 

 

When looking at the productivity of faculty at UIC since at least 2000 and looking at 
the publications by funded vs unfunded according to Scopus data, it appears around 
2010 that productivity appears to be influenced by grant funding. However, what is 
observed here is more likely a shift in requirements for reporting grant funding in 
publications (see Figure 18). The decrease in non-grant funded articles and the 
increase in grant funded articles is not likely a reflection of more research articles 
being grant funded but instead reflects an increase in the reporting of grant funding in 
articles, which was captured and reported in Scopus. Therefore, analyses looking at 
the impact of grant funding in relation to productivity and use of the collection is 
likely flawed prior to 2010, after which it appears the increased expectations to report 
funding in publications appears more prevalent. 
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Figure 18: Number of Publications by Grant Funding of Faculty at UIC since 2000 

 

Exploring publication data science 2010, it is observed that grant funded articles 
include more references than do unfunded articles. Grant funded articles also receive 
more citations than unfunded articles (see Table 14 and Figure 19). 

Table 14: Average Number of References, Average Number of Citations, and Average 
Number of Authors per Publication by Funding Since 2010 

Funding Number of 
References 

Number of Citations 
in First 5 Years 

(2010–2014 articles) 

Number of 
Authors 

Unfunded 
Mean 39.87 11.75 6.18 

N 5629 2478 5629 

Funded 
Mean 46.05 16.62 13.83 

N 8450 3144 8450 

Grant funded research included more references than unfunded grant research, and 
the amount increased over time. As Figure 19 shows, while the number of publications 
was not as high for unfunded research, the number of references included in the 
publications still increased over time. 
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Figure 19: Average Number of References, Average Number of Citations, and Average 
Number of Authors per Publication by Funding for Health Sciences Faculty 

 

Impact of Faculty Rank and Grant Funding on Productivity 
A two-way between-groups analysis of variance was conducted to examine the impact 
of faculty rank and grant funding on their productivity, as measured by the number of 
publications (2010 to 2019). Faculty ranks were grouped into three: assistant 
professors, associate professors, and full professors. The interaction effect between 
faculty rank and grant funding was not statistically significant, F (2, 575) = 0.138, p = 
.871, meaning that there is no significant difference in the effect of faculty rank 
(assistant, associate, and professor) for funded and not funded (see Figure 20). There 
was a statistically significant main effect for faculty rank, F (2, 575) = 17.205, p < .001, 
and partial eta squared = 0.06 (effect size is medium guided by Cohen’s criteria).19 
Post-hoc comparisons using the Tukey HSD test indicated that the mean publication 
for the full professor (M = 29.35, SD = 25.45) was significantly different from associate 
professor (M = 17.89, SD = 16.50). The assistant professor (M = 16.83, SD = 12.78) did 
not differ significantly from either of the other groups. However, the main effect for 
grant funding, F (1, 575) = 0.163, p = .686, did not reach statistical significance. 
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Figure 20: Faculty Rank and Grant Funding on Productivity 

 

Number of Authors 
In general, the number of authors per article increased over time as did the number of 
articles. Productive faculty (6 to 70 articles) have fewer co-authors on average on 
publications compared to prolific authors (71 or more articles over 15 years) (see 
Figure 21). There is a positive correlation between the number of articles written and 
the number of co-authors on a publication (r(803) = .229, =.001). 

There is a weak positive correlation between the number of authors on an article and 
the number of references included in the article (r(19330) =.033, p < .001). For authors 
that are less prolific, they tend to also have fewer co-authors on their papers and 
include fewer references in their publications. For productive faculty (who write 
between 6 and 70 articles), they tend to have fewer authors on average on their 
publications compared to prolific authors (71 or more articles), but they include more 
references on average than prolific authors include in their publications (see Figure 
22). 
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Grant funded articles have more authors than unfunded articles (see Figure 20). 
Although self-citations were removed from the data, there is also a weak positive 
correlation between the number of citations an article gets and the number of authors 
(r(5252) = .136, p < .001). This relationship with the number of authors and citations 
was observed despite self-citations being excluded from the data.  

Figure 21: Average Publications and Average Authors by Productivity Level 
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Figure 22:  Average References and Average Authors by Productivity Level 

 

The increase in collaboration and co-authorship is also demonstrated when examining 
the co-authorship networks of UIC health sciences faculty who had been at UIC since 
2000. Based on the article titles for the 2000–2004 and 2015–2019 publications found 
in Scopus, author collaborations were visualized through VosViewer (see Figure 23 
and 24). 
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Figure 23: Author Collaborations: 2000–2004 
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Figure 24: Author Collaborations: 2015–2019 

 

 

Article Length 
For the articles published between 2010 and 2019, there was a significant but weak 
negative correlation between the number of authors on a paper and its page count 
(r(13880) = -.022, p = .009). There was a positive correlation between the number of 
references included in a paper and the page count (r(13880) = .330, p < .01) and also a 
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weak positive correlation with the page count and subsequent impact of the paper as 
measured through citations (r(13880) = .059, p  < .001). In looking at 10 years of 
citations for articles published between 1995 and 2009, there is a weak but positive 
relationship between average citations and page count (r(6305) = .038, p = .003, and in 
looking at 5 years of citations for articles published between 1995 and 2014, there is a 
weak but positive relationship between average citations and page count (r(6305) = 
.023, p = .012). 

Does the Library Help to Increase Research Productivity? 

It is observed through the data in this study that the more journals that were available 
over the years, the more productive faculty were. In addition, as the number of 
journals available has increased, the number of references included in articles has 
increased. While the increase in articles cannot be attributed directly to the number of 
journals available, there is research that suggests a predictive relationship between 
the number of publications and the library. De Groote et al. found several variables 
predicted faculty productivity, including full-text downloads, library materials 
expenditures, and research and development expenditures.20 Seeing an increase in the 
number of references included in articles as the number of journals articles available 
through the library increases suggests that faculty’s publications are influenced by 
holdings in the library. 

In the same study noted above, there was a positive correlation between the number 
of full-text article requests and the number of publications.21 The number of UIC full-
text article requests were compared with the number of references included in UIC 
publications over an eight-year period. Publications take time, and the reference 
numbers were moved a year forward, to the year when the search was more likely to 
be done. A similar pattern of use appears between full-text article downloads and 
references included in publications, suggesting further that faculty publications 
reflect use of the library (see Figure 25). 
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Figure 25: Successful Full-Text Article Requests and Average References Included in 
Publications by Year 

  

To more succinctly confirm that faculty are using the library’s collections in their 
publications, we compared the references included in 2016–2019 publications to our 
holdings, using a report from our link-out tool to identify journals the library licenses 
or that are freely available. From a total of 35,438 citations, approximately 4,927 
journals were cited at least once. There were 1,990 journals cited only once. When 
looking at the journals cited 3 or more times, approximately 2% of cited journals were 
not included in the collection. In looking at the journals only cited 1 or 2 times, 
approximately 8% of the journals were not held by the UIC Library. This suggests that 
UIC faculty do rely heavily on the library for access to journal articles that are used in 
their publications. There was a positive correlation between full-text article 
downloads through the Serials Solutions link-through reports and the references 
included in publications between 2016 and 2019 (r(4874) = .546, p < .001). 

However, while overall there is an increase in journals available and an increase in 
references used in publications from 1995 to 2019, it was also observed that the more 
faculty members publish, there is a negative but non-significant relationship between 
publications and references included in publications. There is also the influence of 
collaboration in the use of references. This makes it more challenging to observe 
overall how the increase in journals and use of journals plays a significant role in 
productivity. 
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Relationship between Collection Size and Collection Use 
Controlling for Number of Authors 

Partial correlation was used to explore the relationship between the library’s 
collection size (measured by number of journal holdings) and faculty’s collection use 
(measured by number of references used in the publications) while controlling for 
number of authors involved in the publications. There was a partial correlation 
between the library’s collection size and faculty’s collection use, controlling for 
number of authors involved in the publications, r = .145, n = 24,692, p < .05, with 
library’s collection size increased being associated with more collection use. An 
inspection of the zero-order correlation coefficient (r = .148) suggested that the 
observed relationship between library’s collection size and collection use is not due 
merely to the influence of number of authors involved in the publication. 

Impact of Faculty’s Library Collection Use and Grant Funding 
on Research Productivity 

As noted above, the grant funding that UIC received an annual basis increased over 
time (see Table 15). At the same time, journal holdings were increasing, largely as the 
result of big deal packages. The increase in grant funding would likely have an impact 
on the number publications produced, which makes it difficult to explore the impact 
of the collections on productivity. The publication data of faculty that had been at UIC 
for at least 15 years was explored over time. As can been seen in Table 15 (and figure 
26), while grant funding and the number of journals available to researchers at 
increased, the average number of journal publications of these faculty increased, as 
did the average number of references included per article and the average number of 
authors contributing to the articles. It is difficult to determine which factors may have 
contributed the increase in productivity from this analysis. 
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Table 15: Faculty That Have Been at UIC at Least 15 years (n = 369) 

Factors 2005–2009 2010–2014 2015–2019 

Publications 10.49 11.80 13.02 

Avg References 37.24 39.37 45.46 

Avg Authors 5.22 5.56 7.69 

HERD funding (Dollars in 
thousands)* $338257 $369626 $361823 

Avg Journal Holdings* 24921.6 26540.8 28160 

Library Materials budget* $8472582.2 $8661578.2 $8563599.8 

*data specific to all of UIC, not only faculty included in study 

Figure 26: Faculty That Have been at UIC at Least 15 years (n = 369) 

 

To explore the impact of faculty’s library collection use and grant funding on their 
research productivity, a two-way between-groups analysis of variance was conducted. 
Faculty were grouped into four groups depending on their library collection use. Any 
faculty who used library collections and published between 2010 and 2019 were 
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included for the analysis (n = 526). Four groups are as follows: Group 1 (collection use 
from 1 to 32), Group 2 (collection use from 33 to 41), Group 3 (collection use from 42 to 
51) and Group 4 (collection use from 52 or higher). Note: The groups were formed 
based on the quartile of the faculty on their library collection use. The interaction 
effect between faculty’s library collection use group and grant funding was not 
statistically significant, F (3, 518) = 0.249, p = .862, meaning that there is no significant 
difference in the effect of library collection use on publications for grant funded and 
non-grant funded (see Table 16, Figure 27). There was a statistically significant 
difference in the average number of publications for the four groups of their library 
collection use: F (3, 518) = 8.383, p < .001, eta-squared effect size = .05 (medium effect 
guided by Cohen’s criteria). Post-hoc comparisons using the Tukey HSD test indicated 
that the mean publications for Group 1 (collection use from 1 to 32, M = 19.08, SD = 
18.80) was significantly lower from those of Group 2 (collection use from 33 to 41, M = 
29.92, SD = 27.40) and Group 3 (collection use from 42 to 51, M = 29.23, SD = 23.40). 
Group 4 (collection use from 52 or higher, (M = 20.92, SD = 18.10) was significantly 
lower than both Group 2 and Group 3, however, Group 4 did not differ significantly 
from Group 1. This finding suggests that a certain number of faculty’s library 
collection use positively impacted their publications, however, lower, or higher 
library collection use does not influence their research productivity. 

Table 16. One-way Analysis of Variance Comparing Productivity across Four Groups 
of Library Collection Use between 2010 and 2019 (n = 526) 

Variables Group 1 

(Collection 
use 1–32) 

Group 2 

(Collection 
use 32–41) 

Group 3 

(Collection 
use 42–51) 

Group 4 

(Collection 
use 52 and 
higher) 

df F p Eta-
squared 

M SD M SD M SD M SD     

Productivity 19.08 18.80 29.92 27.40 29.23 24.00 20.92 18.10 3,522 8.374 <.001 .05 
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Figure 27: Reference Collection Use between Funded and Unfunded Articles 

 

 

Does the Library Help to Increase Research Impact? 

A regression analysis was done to determine what factors predict the citations that 
articles will later receive. Number of references, number of authors, and whether an 
article was grant funded were explored as predictors of later research impact, based 
on the number of citations an article gets after five years. The overall model with the 
three predictors significantly predicts the impact of an article, R2 = .16, R2

adj = .16, F(3, 
6822) = 435.67, p < .001. Among the three predictors all three were significant, 
although grant funding was right on the cusp of being insignificant (number of 
references: t = 23.32, p < .001, number of authors: t = 25.79, p < .001, funding received: t 
= 1.96, p = .05). The number of references, number of authors, and grant funding all 
contribute to the later impact of an article, despite this data not containing self-
citations. 
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Conclusions 

As the number of journal subscriptions increased at UIC, the number of journal 
articles published by UIC authors and the number of references included in UIC 
journal article publications also increased. There is also evidence to suggest that most 
references included in the publications were licensed by the UIC Library. However, 
there was also an increase in databases available in tandem with the increase in 
journals. The increased access to and availability of databases likely facilitated 
identifying articles to include in publications and in some cases include full-text 
journal articles, so an increase in the journal collections alone was not the only factor 
influencing use of journal articles, and database use was also likely an important 
factor in the inclusion of references in publications. In addition, co-authorship 
increased over time, which also correlates with the increase in publications over time 
and the increase in references used in publications. However, although there is a very 
weak negative relationship between productivity and the number of references 
included in publications, the overall number of references used in the publications 
still increased over time as the number of journals increased, as did the overall 
number of journal articles published. Although prolific authors included fewer 
references in their publications compared to productive researchers, both productive 
and prolific researchers included greater references in their publications over time. 
Less productive researchers used fewer references than both groups, but also 
increased their use of references in publications in more recent years. 

In terms of productivity, UIC grant funding increased over time as did co-authorship, 
which likely played a role in increasing productivity, but other variables were also 
likely at play. Although the number of references included in publications occurred 
over time and the average publications per faculty increased over time, we were 
unable to demonstrate a direct link between use of the library collections playing a 
role in increased productivity. 

Data 

The desired data was publication data that would reflect an increase in access to 
journals that would in turn result in both an increase in publications and an increase 
in references used in those publications. In addition, it was hoped the data would 
show the use of references in publications would influence the later impact of the 
publication. The data was primarily procured from searching Scopus for UIC author 
publications. The collected data was entered into two Excel spreadsheets. One 
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contained information by author such as college, years at UIC, number of publications, 
average number of references used per publication and average number of authors per 
publication. These data were obtained through the compilation of data obtained 
through Scopus of UIC publication article level data and through UIC’s Office of 
Institutional Research (OIR). The OIR provided demographic data for the faculty 
entered in the study including faculty status, college, and years at UIC. The OIR data 
was also used to determine which faculty to enter in the study. 

The UIC publications article level data contained typical citation information for an 
article (authors, title, journal, year, volume, issue, DOI, grant funding [which was 
reduced to yes or no], and OA status). In addition, by searching Scopus directly, the 
number of references included in a publication and the number of citations the 
publication received five years and ten years after publication were also entered. In 
addition to obtaining the article data for publications, we were also able to determine 
the number of authors on a publication and the length of publications from the 
publication article data, and this information was also available in the spreadsheet. 
This data was also copied to SPSS for further analysis. 

Spreadsheet 1: Example Author Level Data 

Faculty 
Name 

UIC 
ID 

Faculty 
Status 
& Rank College 

UIC 
Years 
of 
Service 

Total 
articles 
2015–
2019  

AV 
refs 
2015–
2019 

Total 
refs 
2015–
2019 

Av 
authors 
2015–
2019 

Total 
articles 
2010–
2014  

AV 
refs 
2010–
2014 

Total 
refs 
2010–
2014 

Av 
authors 
2010–
2014 

 

Spreadsheet 2: Example Publication Data Compiled 

UICID discipline 

# of 
Refer-
ences 

# of 
Citations—
first 5 
years 

# of 
Citations  
5 to 10 
Years Authors 

# of 
authors EID 

Title 
Source 
title Year Vol Issue 

Page 
count 

Open 
access 

Funded 
(yes/no) 

 

Additional data for further analyses and visualizations was also procured from: 
• UIC Library: Journal holding numbers from 1995 to 2019 
• HERD data from NSF: HERD data is the primary source of information on R&D 

expenditures at US colleges and universities. 
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• Serials Solutions link-out data: This was used as a proxy for our holdings 
information and was used to compare with the references used in publications to 
determine if UIC faculty were citing publications licensed by the library. 

• References used in UIC publications: This was obtained from Scopus as well. 
 

Time was the biggest cost for this project. There were five faculty members collecting 
data. Data collection for each faculty member was approximately 40 hours each or 
around 160 to 200 hours total. Institutions also require access to Scopus (or Web of 
Science) to collect the data.  

All the variables that had to be accounted for because of their potential relationships 
with productivity and impact added complexity to this project. However, identifying 
them in advance allowed for them to be addressed during the statistical analyses. 
There are other factors that also complicate making a specific connection between the 
library collection and what might be utilized in research, specifically as references in 
publications. Because of multiple authors on publications, often from more than one 
institution, it must also be recognized that material used in research could have been 
obtained from an author from another institution or requested through interlibrary 
loan (ILL). It is not possible to know exactly how material was accessed that was 
included in the references of the publications of UIC authors. This is likely too 
complex to manage as a variable. We had also planned to look at how open access had 
played a role in the later impact of publications. While Scopus does indicate if a 
journal is open, some journals may have been subscription-based journals in the past. 
It appeared the application of the OA status applied to the entire journal, regardless of 
when it may have become open access. Thus, it was not possible to reliably use that 
variable in analysis. 

The other issue we had was how to make a connection with the data we collected and 
the library’s collections. As were studying the impact of increasing journals on 
productivity, having more details about our holdings at different times would have 
been useful. However, as the library obtained journals online, and space in the library 
became an issue, print volumes were discarded and these records removed from the 
catalog. As a result, it became a challenge to know what we may have had in print and 
when. When we obtained access to an online journal, our records indicated the 
volumes and issues we have, but not when we started to subscribe to the journal. This 
also makes it challenging to know at what point we had access to the online journals. 
Therefore, we can argue the size of the journal collection grew, that productivity 
increased, and that the use of references increased, but it was more complicated to 
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show a direct connection between holdings and actual use as reflected through the 
references in publications, other than for more recent years, because knowledge about 
past holdings either in print or online is not easily accessible. Therefore, we could not 
compare the references in publications to the data collected from older publications, 
as our records would not have accurately indicated whether a journal was available 
through the library in the early years we included in the study. 

The data desired was successfully collected, although the systematic process used to 
control for potential influential variables did result in an extended data collection 
period. Use of the Scopus API was explored. However, we did not have the technical 
skills on site to set up the API to automatically obtain data. In addition, the use of the 
API may not have delivered the data in the organized format we needed nor was it 
going to provide the needed citation data.22 If Elsevier was agreeable to increase 
access to additional information (number of references in a publication, numbers on 
later citations after five and ten years), then this process could be automated. While 
we did not use the API, institutions wanting to look less in-depth at the data will likely 
be able to rely on the API to capture most of the data. There are also bulk ways to 
obtain the needed data from Scopus through direct searches if it will not be used for 
an in-depth analysis. However, because we did this study as a solo institution, and to 
determine if the data collected could be connected to research productivity, more 
systematic data collection was needed. 

Value 

To a degree, the research conducted fulfilled our objectives. There were correlations 
between size of the journal collection, use of the journal collection, and productivity. 
However, there were many factors that influence productivity including 
collaborations with other researchers and grant funding. Through the data we 
collected, it was challenging to run the correct statistical analysis that would have 
demonstrated more directly, beyond correlations, that there is a relationship between 
collection size, use of the collection, and productivity. However, the lack of variability 
with collection sizes when only one institution was examined made analysis 
challenging. What could have been more valuable was to do this with other ARL peer 
institutions that had different size journal collections to compare faculty productivity 
(published journal articles), use of the collection in publications (references), and 
later impact of the publications (through citations) and how impact relates to the 
inclusion of references (library materials) in the articles. Having more institutions for 
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comparison may have allowed for more direct statistical analyses and less overall data 
collection, to demonstrate a relationship. 

On the other hand, some of the variables that we explored do not appear to have been 
examined recently. We can see that the number of authors on a publication, page 
length, and funding all have a relationship with productivity and use of the collection. 
Obtaining updated information on these variables is important for future explorations. 

Lessons Learned 

The change in reporting of funding in publications was not a variable considered prior 
to data collection. However, once data collection was complete, and the change in the 
number of grant funded articles drastically increased and the number of unfunded 
grant articles drastically decreased after 2010, it was clear further investigation was 
required. It is important to question data and not just take it at face value when 
something appears off. While it would have been logical to expect grant funded 
articles to increase as funding increased, it was not logical to observe the proportion 
of unfunded articles to similarly decrease. Pausing and thinking critically about what 
might also have influenced this data was critical to not making incorrect conclusions 
about what is observed and knowing when certain parts of the data collected may be 
flawed. Recalling that more emphasis is being placed on ethics in research and how 
some expressed concern of how funding may influence study findings led to a more 
in-depth historical examination of other factors that might influence publications, 
such as the disclosure and reporting of grant data. Scopus’s reporting of grant funded 
articles is influenced by journal and funder expectations to reveal the data. Also 
acknowledging that Scopus’s grant data in general may have inaccuracies in important 
in interpreting data and its potential flaws. 

For the research itself, it was surprising that some colleges had a decrease in journal 
article publications and in the references included in publications. Further 
investigation is needed to explore if other types of publication have gained 
prominence in those fields or if there were influences and changes within the colleges 
that might have influenced publication patterns for a period. 

For the research process, we found that collecting the data by hand was the better way 
to ensure accuracy rather than to rely on the API. In addition, the research illustrated 
the multiple variables that influence publication patterns, and how challenging it can 
be to demonstrate the impact of the library on faculty productivity. 
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Recommendations for Future Research 

As noted previously, conducting similar research but only exploring more recent 
publications in comparison with peer institutions that have different journal sizes 
may make future research findings more conclusive. Variables such as the number of 
authors and funding also need to be managed with this comparison. Currently, ARL 
does not request the number of current journal licenses, estimated publications 
(journal articles), or number of references included in publications. If multiple 
institutions were asked to provide their number of journal subscriptions, their faculty 
FTE, the number of journal articles published annually, and the average number of 
references included in publications, it is likely a similar analysis and conclusion about 
the impact of libraries on faculty productivity could be drawn, as done within this 
report. ARL currently captures annual full-text article downloads. It would require 
only relatively simple and non-time-consuming searches that could be conducted in 
Scopus annually. These data might also connect faculty productivity more directly 
with the use of the collection, without needing to collect data as systematically as was 
done with this project. 

In addition, it might also be worthwhile to share with the individual faculty included 
in this study our findings and ask them their retrospective views on how the library 
played a role in their research success and productivity. Also, more research is needed 
to understand the relationship between greater productivity and less use of references 
in the publications.  
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