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Librarians and administrators speculate that the digitization and access of items 
through the HathiTrust Digital Library may reduce or eliminate demand for the 
corresponding print content. This belief feeds into a perception that monographs 
housed in academic libraries and delivered via such services are ripe for dedupli-
cation or outright withdrawal, yet other institutions may remain dependent upon 
those holding titles to provide print-based access for their patrons. Embracing 
HathiTrust’s emerging Shared Print Monograph Program, more than seventy-
nine member institutions committed to retain print monographs that correspond 
to those digitized from their collections. Putting aside concerns expressed by 
some about the meaningfulness of those commitments, not all members made 
such commitments. Moreover, retention commitments are not always publicly 
displayed, leading to scenarios in which such commitments may be used by other 
institutions to withdraw from their collections, based on these holdings. This 
paper provides a data-driven examination of the use of one research library’s 
print items that correspond to the digital materials deposited into the HathiTrust, 
detailing both the results and the process by which data was gathered, managed, 
and digested to yield the results. 

In the early stages of library digitization, assumptions arose about the potential 
that the digitization and delivery of items online would reduce demand for the 

corresponding print titles. By the middle of this century’s first decade, this belief 
furthered speculation that the reduced demand served to advance the goals of 
preservation by diminishing wear and tear on items, facilitated the goals of col-
lection managers by easing decision-making about relocating items to storage 
facilities, and the served those interested in developing new and innovative ser-
vices once such materials were relocated.1 Digitized back file content acquired 
from commercial vendors reduced the demand for print copies of much of the 
commercially published literature as the ease of on-demand, desktop access sup-
planted the need to consult print journal runs.2 In recent years, reported circula-
tion numbers for print resources declined, providing ample evidence to make a 
conjecture that preservation needs are declining due to reduced wear and tear.3 
Libraries also reported factoring the availability of digital surrogates into many 
of their collection management decisions.4

Some remained skeptical about factoring these changes into collection 
management decision making, expressing trepidation ranging from concern 
about the book as object, quality of the scanning, the accuracy of the metadata 
underlying discovery, and the uncertainty about the availability of print copies 
through lending networks—the fragility of which the COVID-19 pandemic laid 
bare. Although some of these concerns pre-dated contemporary mass digitiza-
tion efforts, they assumed a new urgency in the last decade as digitization and 
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deposit into services such as HathiTrust increased, specula-
tion about reductions in demand for corresponding print 
content again arose, and suspicion about administrative 
intention resurfaced. 

Despite this, there appears to be remarkably little 
published data on the actual impact of digitization on the 
use of their physical counterparts, either locally or through 
borrowing networks. With a history of more than one hun-
dred years of developing and maintaining resource sharing 
networks, many research libraries in the pre-COVID-19 era 
embraced the notion that, in some cases, their institutions 
would remain dependent upon those holding physical titles 
to provide print-based access for their patrons. Indeed, the 
notion of resource sharing remains a foundational assump-
tion of discussions around collective collections.5 Know-
ing that this cross-institutional dependency exists, many 
HathiTrust member institutions committed to retain print 
monographs that correspond to those digitized from their 
collections. However, such commitments are not universal 
among the membership or collectively displayed to other 
libraries or members, meaning that retention commitments 
remain challenging to identify. Knowing more about how 
the availability of digital surrogates may impact the usage of 
print monographs is a critical component of the developing 
collective collection. 

Problem Statement

To draw meaningful conclusions about the relative use of 
volumes after digitization, the project lead developed a 
series of questions and charged a research team to gather 
and evaluate datasets from three different sources. The 
primary challenge was that the datasets harvested to gather 
this information did not directly correspond to one another. 
To surmount this challenge, the research team pursued 
the following steps: (a) compiled several locally developed 
datasets, (b) imported the datasets into an MS SQL Server 
database, (c) performed data cleaning and manipulation, (d) 
determined unique item identifiers to connect the datasets, 
(e) wrote and ran SQL queries, and (f) created data visu-
alizations in Tableau to illustrate answers to the questions. 
The three types of datasets initially imported included

• a set of 10.7 million records of every physical 
item within the University of Illinois at Urbana-
Champaign Library’s (U of I Library) Voyager cata-
log as of January 2018; 

• a record set of 8,622,399 items from the U of I 
Library’s “archive transactions table” that detailed 
circulations (checked out and returned items, not 
including renewals)—of all physical collection 
items from the library during the period spring 

2002–December 31, 2019 (the entirety of the record-
ed transactions on the library’s integrated library sys-
tem), and “current transactions table” that logged 
the 81,207 items currently checked out. The proj-
ect team merged these two datasets into one circula-
tion dataset with total of 8,703,606 records, providing 
a complete record of circulation history from 2002 
through 2019; and

• a record set of the 847,247 items digitized from the 
U of I Library’s collections that are available via 
HathiTrust Digital Library. The project team down-
loaded an initial dataset from the HathiTrust’s Hath-
ifiles repository as a tab-delimited text file that 
included bibliographic records for every item in the 
HathiTrust collection, which contained 17,153,606 
items as of January 1, 2020.6 Using the source bib-
liographic record, the authors narrowed the datas-
et to include only the items digitized from the U of I 
Library’s collection. 

One challenge in drawing conclusions using the avail-
able datasets is that the records associated with a particular 
digitization date are not precise enough to pinpoint exactly 
how circulation dates and the digitization date fell chrono-
logically within a particular year. Consequently, with a cir-
culation record covering complete years running from 2002 
through 2019, data about an item digitized in 2010 required 
reporting information into periods before and after digiti-
zation that consisted of entire calendar years. In this case, 
data about the item in question required reporting from 
the years 2002 to 2010 (to count circulation before digitiza-
tion) and from 2011 through 2019 (to count circulation after 
digitization). 

Method

Using the three types of datasets gathered into the MS SQL 
Server database, the research team explored the local circu-
lation for volumes from the University of Illinois at Urbana-
Champaign’s collection that are digitized and available via 
HathiTrust. This analysis broke down usage by disciplinary 
fields with the intent of developing a more nuanced under-
standing of usage for print resources both prior to and after 
their digitization. This project sought to explore the follow-
ing research questions: 

1. Were there subject-based differences in the ongoing 
demand for the original print resources?

2. Was there a measurable difference in demand for 
these print resources from the periods before and 
after an item was digitized? 

3. Was there a difference in demand after digitization for 
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those items that are freely available as full-text (most 
are pre-1923 through the period of the study) as com-
pared to those in which copyright or other restrictions 
limited the digital access?

Literature Review

There is an extensive body of literature on the development, 
underlying premise, and perceived flaws inherent in print 
retention agreements for both serial and monographic lit-
erature. This literature further details the emerging overlap 
of collections and holdings within regionally defined areas 
and the challenges posed by image quality in both commer-
cially digitized content and content digitized and delivered 
via HathiTrust. Yet there appear to be no published assess-
ments that specifically examine the potential impact of 
digitization on the usage of corresponding print resources 
save for a limited study conducted by IFLA/UNESCO that 
generalizes about the use of original special collection items 
post-digitization. 

A voluminous literature currently surrounds the devel-
opment of print retention agreements and the possible 
flaws that may undermine the successful implementation of 
cross-institutional deduplication efforts. Most of the publi-
cations about these are relatively recent, although the earli-
est calls for a “national lending center” specifically intended 
to avoid unnecessary duplication date to the late 1800s, 
and calls to develop a National Periodicals Center date to 
1973–80, when Steven proposed a national serials reposi-
tory. Although that effort failed, partly due to the political 
climate and lack of federal funding, it set the groundwork 
for further discussions.7 More recently, the Center for 
Research Libraries (CRL) assumed a leadership role in try-
ing to coordinate print retention efforts for serials. When 
CRL convened the 2004 conference “Preserving America’s 
Printed Resources,” the organization effectively embarked 
on a series of discussions and iterative developments that 
resulted in them assuming a central role in the development 
of a serials print registry.8 CRL’s continued engagement in 
discussions with the serials retention programs increasingly 
form a part of the collection management strategies for 
North American academic libraries. CRL sponsored the 
2015 “Preserving America’s Print Resources II: A North 
American Summit,” and published outcomes from that 
meeting in Print Archiving and Shared Print in North 
America: A Preliminary Analysis and Status Report.9 

Monographic print retention presents different chal-
lenges to libraries than corresponding programs focused 
on serial literature. This is partly due to higher instances 
of bibliographic uniqueness among monographs, which 
publishers often produce in multiple editions and over 
many years. Monographs frequently include purposeful and 

accidental changes made by the author, editor, or typeset-
ter within their pages. Moreover, due to the lower instance 
of duplication among titles, lower return on time invested 
in deduplication, and the relatively recent availability of 
significant bodies of digitized monographic literature, 
monographic collections did not garner the initial attention 
of those advocating deduplication for purposes of space 
savings. Yet discussions about the transformative value, 
underlying framework, benefits, and weaknesses of mono-
graphic print retention schemes are not new. While the 
widespread application of copyright deposit eased the adop-
tion of nationwide monographic print retention schemes in 
European academic libraries, the idea took longer to catch 
on in the United States as the complicated patchwork of 
political, consortia, and educational bodies magnified the 
challenges faced by a geographically larger nation. Among 
the earliest meaningful recent works focused on the United 
States are Kieft and Payne’s “A Nation-Wide Planning 
Framework for Large-Scale Collaboration on Legacy Print 
Monograph Collections,” Nadal and Peterson’s “Scarce and 
Endangered Works: Using Network-Level Holdings Data 
in Preservation Decision-Making and Stewardship of the 
Print Record,” and Malpas’ Cloud-Sourcing Research Col-
lections: Managing Print in the Mass-Digitized Library 
Environment.10 These works influenced the potential for 
such programs, their value as mechanisms to preserve our 
cultural heritage, how they might be constructed, and the 
potential for overlapping holdings to be viewed as expend-
able. They influenced discussions about the subsequent 
development of monographic print retention programs. The 
most prominent of the monographic retention programs—
the HathiTrust Print Monograph Archive—resulted from 
a ballot initiative developed for the 2011 HathiTrust Con-
stitutional Convention. From this, HathiTrust emerged as 
the leader in developing the closest thing to a national print 
retention program. Whereas this proposal did not explicitly 
call for any institution to withdraw content, it operated on 
the assumption that HathiTrust would exert a transforma-
tive influence on the management of print collections and 
that some institutions would withdraw content based upon 
the presence of digital surrogates in the HathiTrust Digital 
Library. It sought to create a baseline framework for ensur-
ing continued retention and access to print titles that corre-
sponded to the digitized monographs in HathiTrust.11 What 
this and other programs lack is the presence of a concerted 
national framework, a point highlighted by the 2016 report 
“Concerted Thought, Collaborative Action, and the Future 
of the Print Record.”12 

The developing monographic print retention models 
have their own strengths and weaknesses. Their weak-
nesses as tools to manage local collections include the two 
most prominent issues: (a) concerns about the quality of the 
digitized content and its metadata, and (b) concerns about 
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how the retention commitments made by other institutions 
may be used by librarians to guide the deduplication of 
local holdings. Although both papers focused on commer-
cially digitized content, the challenges inherent in making 
collection management decisions and withdrawing print 
titles based on the availability of digital surrogates featured 
prominently in Joseph’s “Image and Figure Quality: A Study 
of Elsevier’s Earth and Planetary Sciences Electronic Jour-
nal Back File Package” and her 2012 follow-up study.13 With 
respect to HathiTrust, image quality featured prominently 
in Conway’s more recent work. In “Preserving Imperfec-
tion: Assessing the Incidence of Digital Imaging Error in 
HathiTrust,” Conway reported on a study of image quality 
for titles digitized and delivered via HathiTrust, seeking to 
quantify the prevalence of errors in pre-1923 items.14 

The other concern regarding the utilization of digital 
availability via HathiTrust as a tool for driving local print 
retention decisions centers on the challenge of accurately 
determining the duplicate status or condition of materials 
held locally or across multiple institutions. Stauffer tackled 
this challenge in “My Old Sweethearts: On Digitization and 
the Future of the Print Record,” and Teper sought to fur-
ther explore this topic with her paper “Considering ‘Same-
ness’ of Monographic Holdings in Shared Print Retention 
Decisions.”15 Stauffer’s work expressed concerns over the 
high level of variance among the items in his sample set, 
and Teper appears to have verified many of the conclusions 
drawn by Stauffer. 

A quantitative study that draws a direct correlation 
between print usage and online availability is a 1999 
publication jointly issued by the International Federation 
of Library Associations (IFLA) and UNESCO.16 Among 
questions associated with digitization practices, the survey 
examined post-digitization access to original items. Focus-
ing on the use of special collections materials from several 
national libraries after digitization, the study included a 
note indicating findings that post-digitization demand for 
items can increase. Again, this study focused on special 
collections and indicated that discovery could spur a higher 
interest in the original items and an increased instance of 
use.17 That said, there seem to be few studies that directly 
compare pre- and post-digitization use of general collec-
tions materials. As early as 1999, the Council on Library 
and Information Resources published Scholarship, Instruc-
tion, and Libraries at the Turn of the Century. In this 
publication, the authors highlighted reports from multiple 
academic task forces, one of which noted that the enhanced 
discoverability of digitized materials increased the demand 
for corresponding print materials.18 Smith referenced this 
finding in her 1999 CLIR publication The Future of the 
Past: Preservation in American Research Libraries.19 Yet 
the lack of quantifiable studies about the impact of digitiza-
tion on demand for print monographs remains a challenge 

for those tasked with collection management decision mak-
ing. Aggregating and analyzing that data is critical to future 
collection management decisions in the context of the col-
lective collection. 

Analyzing and Managing the Data

Based on the aggregation of datasets of bibliographic and 
item level data representing 10.7 million items (10,601,294 
when deduplicated) at the U of I Library, circulation data 
for the same items dating from 2002 through the end of 
2019, and the digitization and availability of these items via 
HathiTrust Digital Library, the research team conducted a 
circulation analysis of the aggregated data.

With respect to the specifics of this study, the research 
team sought to quantify changes in the usage of printed 
resources after digitization and delivery via HathiTrust 
compared to the period prior to digitization. To accomplish 
this, it was necessary to link three datasets that shared no 
single common point of intersection and to identify the 
usage of individual items. 

To overcome that challenge, the team devised the fol-
lowing solution. In the 10.6-million item deduplicated data-
set of the library’s print collection, a unique item identifier 
for each physical item record is Item_ID. In the combined 
circulation transactions dataset, each record represents a 
single circulation (not a single item); thus, to count how 
often a particular item circulated, the team counted the 
number of records in which that Item_ID appears. If an 
item never circulated, no records appear in the combined 
circulation transactions dataset. Unfortunately, the dataset 
of digitized items does not include the library’s item identi-
fier (Item_ID), or any other common identifier. This makes 
it difficult to match the dataset of digitized items with 
either the library’s print collection dataset or the circula-
tion transactions dataset since they do not share common 
unique identifiers. However, the HathiTrust dataset pro-
vides htid, a permanent HathiTrust item identifier.20 For 
items digitized from the U of I Library’s collection, htid 
contains an item’s barcode information. Using an item’s 
barcode, the authors found an item’s Item_ID for digitized 
items in the Item_ID/Barcode dictionary for the library’s 
print collection. Using the digitized items’ Item_ID, the 
authors matched the HathiTrust dataset with the combined 
circulation transactions dataset by Item_ID and retrieved 
information about circulations of digitized items (see figure 
1).

The primary problem emerged when trying to detect 
the digitized item’s Item_ID based on the permanent 
HathiTrust item identifier (htid). The identifier consists of 
two parts that are divided by a (.) dot. The authors identi-
fied the section before the dot htid_prefix, and the section 
following the dot—htid_suffix. For digitized items from 
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the U of I Library’s collection, htid_prefix 
indicates the source of content and the 
organization that digitized the content. In 
the dataset, htid_prefix has the following 
distinct values: uiuc, uiug, uiuo, uiul. All four 
prefixes start with uiu, indicating that the 
source of content is the U of I Library, and 
end with one of the letters c, g, o, l, which 
specifies the digitization source. Thus, uiuc 
means that an item is locally digitized (i.e., 
digitized by the U of I Library), uiul indicates digitization 
by the U of I’s Law Library, uiug is assigned to the items 
digitized by Google, and uiuo—by OCA (Internet Archive). 
Consisting of 847,247 items, the library’s digitized collec-
tion was almost 84 percent digitized by Google (710,706 
items), 10 percent (10.3 percent) digitized by the Internet 
Archive (87,562 items), and slightly less than 6 percent 
digitized by the library itself. This 6 percent comprises 
39,241 items digitized by the Law Library and 9,738 items 
digitized by the Main Library (see table 1).

The htid_suffix, which is the item’s identifier, varies 
and depends on how the digitizing institutions manage the 
digitized items and requires the source of content institu-
tion to submit metadata. For example, Google and the 
authors’ Law Library use the print item’s barcode as a digi-
tized item’s identifier; locally digitized single-volume mono-
graphs contain the item’s bibliographic identifier Bib_ID in 
htid_suffix, whereas multi-volume monographs and seri-
als—Bib_ID combined with volume, issue, or publication 
year information; and the Internet Archive assigns its own 
number to an item as an item’s identifier, which starts with 
ark:/. Understanding the origin of htid, the authors started 
their search for Item_IDs for the items when metadata 
contained the print item’s barcode information (749,947 
digitized items) by matching the item’s barcode with bar-
codes in the Item_ID/Barcode dictionary (see figure 1). 
The dictionary is a dataset with all the Item_IDs from the 
U of I Library’s Voyager catalog and their active barcodes, 

and all previous (inactive) barcodes. This also includes the 
date the barcode was assigned to an item. Thus the authors 
pulled Item_IDs for 747,706 (99.7 percent) digitized items. 
The remaining 0.3 percent of the items either contained 
typos in their barcode metadata or lacked items in the 
library catalog.

For the remaining items with Bib_ID or ark:/ as the 
item identifier, (97,300 digital items) and items with mis-
spelled barcodes, the project team used a different approach 
to obtain Item_ID. Since both the library’s Voyager catalog 
data set and HathiTrust’s dataset of digitized items included 
the bibliographic identifier (Bib_ID and source_bib_num, 
respectively) and volume information fields, the authors 
used that metadata to match the datasets (see figure 2). In 
the library’s Voyager’s print collection dataset, the volume’s 
enumeration and chronology data are in the separate fields, 
Enum and Chron; whereas in the HathiTrust dataset, only 
one description field describes both types of metadata. 
Thus, after preliminary cleaning and manipulation of the 
enumeration and chronology metadata to match the data-
sets, the authors identified Item_IDs for another 62,120 
digitized items. That resulted in a total of 809,826 items, 
which is 95.6 percent of the entire dataset of digitized items.

Less than 4.5 percent of the digitized collection 
remained unidentified due to several reasons, including 
the metadata in the HathiTrust’s description field did 
not coincide with how library personnel recorded the 
data in the library’s Voyager’s Enum and Chron fields. 

Figure 1. Retrieval of the Circulation Information for the Digitized Items

Table 1. Digitization of U of I Library Collection by Institution

htid_prefix Institution Name
No. of 

Digitized Items
% of Total

Digitized Collection

uiug Google 710,706 83.9

uiuo Internet Archive 87,562 10.3

uiul U of I Law Library 39,241 4.6

uiuc U of I Library 9,738 1.2
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For example, in addition to the added or removed spaces/
commas/dots/colons/brackets between enumeration and 
chronology information, the chronology month and year 
data were swapped/pruned/modified, and the abbreviation 
of the word “volume” appeared in various forms. In the 
case of bound volumes, the library’s print collection dataset 
consists of one record that provides the range of volumes, 
while the HathiTrust’s data set provides a separate record 
for each volume in the bound volume. The different combi-
nations of these inconsistencies resulted in a variety of ways 
for how volume details are represented in the HathiTrust’s 
description field, and, consequently, require extensive and 
time-consuming data cleaning.

Other reasons why the U of I Library’s print collection 
data set and the data set of the digitized items did not match 
by volume information in the print collection data set center 
on the following factors: (a) enumeration and chronology 
fields were not provided for the multi-volume monographs 
and serials, and (b) there is more than one copy of the 
item in the print collection. Because the authors focused 
on circulations at the item level, not title level, it became 
necessary to match datasets by volume information and not 
just by bibliographic identifier (Bib_ID). However, when 
items from one dataset did not match items from another 
by both Bib_ID and volume information, the authors 
narrowed the library’s print collection dataset to single-
volume titles and then matched the datasets only using the 
Bib_ID field. Finally, there were cases when items from 
the HathiTrust’s dataset (which is an extract as of January 
2020) did not appear in the library’s print collection dataset 
(extract as of January 2018) because an item’s record was 
added to the library’s Voyager catalog after the dataset was 
extracted for the analysis. Thus the record from the dataset 
of the digitized items does not have a counterpart in the 
print collection dataset. The authors verified the Item_ID 
for more than 95 percent of the collection of the digitized 
items, which let them precisely determine the usage of print 
counterparts for 809,826 digitized items.

Additionally, the research showed that the library’s 
print collection included an item’s circulation analysis 
at the subject level. Since the library implemented the 
use of non-standardized Dewey Decimal Classification 
(known as “Exceptional Dewey”) and subject headings in 
the 1960s to provide more nuanced discovery for litera-
ture in a research collection, determining subject heading 
information required considerable work to assign subject 
headings to the 10.6 million deduplicated items based on 
their call numbers. Like many institutions, the U of I uses 
several classification schemes, including Dewey Decimal 
Classification (DDC), Library of Congress Classification 
(LCC), the US Superintendent of Documents Classifica-
tion (SuDocs), United Nations Documents Classification, 
and locally developed schemas for specialized collections. 
Furthermore, some call numbers include a prefix or several 
prefixes that catalogers assigned based on format, book size, 
or collection. Thus more than 140 different prefixes were 
identified, for example, Quarto (Q.), Folio (F.), Biography 
(B.), quarto Biography (Q.B.), Bibliographies (A.), Textbook 
(TEXT.), school collection S-Collection (S.), folio S-Collec-
tion (F.S.), quarto S-Collection biography (Q.SB.), picture 
books S-Collection (SE.), Government Documents (DOC.), 
CD-ROM Government Documents (CDROMDOC.), 
Microfiche (MFICHE), Digital video disc (DVD), Cavagna 
Sangiuliani Collection (Cavagna), Carl Sandburg Collection 
(SNDBRG), quarto Sandburg Collection (SNDBRGQ), and 
microfilm Sandburg Collection (SNDBRGFILM). A large 
variety of prefixes and their combinations, along with spell-
ing inconsistencies and typos, further complicated the task 
of determining an item’s classification and subject heading. 
In all, approximately, 1,205,432 of the records were classi-
fied with LCC, and 375,138 were government publications, 
including many with SuDoc classification. The bulk, total-
ing 6,595,595 records, were classified using the previously 
discussed “Exceptional Dewey.” The remaining items were 
classified with other, locally developed schemes applied to a 
multitude of specialized collections, records for withdrawn 

Figure 2. Retrieval of the Circulation Information for the Digitized Items by Bibliographic Identifier and Volume Information
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items, and records that contained errors in call numbers or 
other critical identifying metadata.

Limitations

In analyzing this data, the project team considered numer-
ous constraints. First, the data itself contained limitations. 
Compiled through decades of work by individual library 
personnel, the catalog data itself contained variances and 
errors that required manipulation and massaging. More-
over, the data brought together multiple datasets that 
required remediation to ensure common links between 
them.

In addition to limitations of the data sets themselves, 
local configurations impact the circulation data gathered 
into the library’s ILS. Areas of scholarly interest on indi-
vidual campuses and among lending networks shift with 
trends, popular events, and even the presence of key fac-
ulty with specialized research areas. Furthermore, this 
study did not consider the influence that purchased com-
mercially digitized backfiles might exert on usage of print 
counterparts.

Finally, the Association of Research Libraries has 
documented a strong decline in print usage.21 This appears 
to be a general trend across research libraries. Some of 
the decline clearly results from the replacement of print 
journals with digitized journal backfiles. Versaket et al. 
documented this in an arXiv preprint in 2014.22 There is, 
however, no direct link established between the general 
decline of circulation and digitized monograph literature. 

Results

The analysis answered three distinct questions that focused 
on the usage of the print resources, differences in the usage 
of print items after their digitization, and whether those 
differences varied based upon the full-text or partial, or 
“snippit,” view presented due to copyright restrictions. The 
analysis provided subject-based data to present a more 
nuanced understanding of usage as it directly impacts col-
lection management activities. In this analysis, the authors 
noted that the highest level of print circulation over nearly 
two decades fell within the social sciences, that there is a 
measurable decrease in demand for print items after their 
digitization, and that those items available as full-text expe-
rienced a slightly greater decline in print usage. The authors 
discuss each of these findings in more detail in the follow-
ing results sub-sections, which address a specific research 
question. 

Research Question 1: Are there subject-based 
differences in the ongoing demand for print 

resources? 

Results indicate that there are measurable differences in 
the overall usage of print resources in the library’s collec-
tion, based on their classifications. The total number of 
items from the library’s print collection data set used in the 
subject-based analysis is 7,797,819, where 1,204,687 records 
were classed using LCC, and 6,593,132 items were classed 
with a local variation of DDC. Overall, 23.9 percent of 
the items, which is more than 1.86 million, in all formats 
represented in the dataset, circulated between 2002 and 
2019. The total number of circulations for those items is 
6,209,034 times. At the beginning of 2002, the library’s 
migration from DRA to Voyager meant that the catalog 
failed to fully capture all circulation data during the first 
quarter of that year. That explains the significant difference 
in total number of circulations between 2002 and 2003 
years and peak in the latter (see figures 3,4, and 6).

During the entire 2002–2019 period, in DCC, the 
highest demand was for print items in the [300]—Social 
Sciences subject. However, after 2003, the subject showed 
a steady decrease in circulations except for the 2005 and 
2006 years when the circulations were nearly the same. 
Within nine years, from 2003 to 2012, an annual number of 
checkouts dropped by a third, from 89,767 to 61,557, and 
within the next seven years dropped to 28,640 by the end 
of 2019. Over the years, all subjects in the library’s DDC 
range experienced a gradual decline in the demand for print 
resources. By 2019, they all showed one third of the circula-
tions totals that they had in 2003 (see figure 3).

In LCC, [P]—Language and Literature and [M]—
Music and Books on Music subjects stand out by their annu-
al number of circulations, which is higher in comparison 
with other subjects in the classification. During 2002–2019, 
annual circulations in [P]—Language and Literature sub-
ject ranged between 37,467 and 19,518, and in [M]—Music 
and Books on Music—from 24,453 to 11,728. Other subject 
areas experienced much more modest usage (see figure 4).

When the authors compiled the circulation of LCC 
and DDC classified titles, they found that the most highly 
circulated subjects fell within the [300]—Social Sciences 
with total 1,121,234 checkouts. Subjects that circulated 
least frequently (under ten thousand total circulations) are 
the following LCC subjects: [Z]—Bibliography, Library Sci-
ence, etc., [C]—Auxiliary Sciences of History, [A]—General 
Works, [S]—Agriculture, [U]—Military Science, and [V]—
Naval Science (see table 2).

Furthermore, the analyzed data showed a linear cor-
relation between the number of items in the subject and the 
number of corresponding circulations. In figure 5, the scat-
ter plot displays the relationship between two variables—a 
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total number of items in the subject and a total number of 
their circulations (see values for the variables in table 2). 
The straight line on the graph is a trend line, which demon-
strates a positive linear correlation between the variables. 
The correlation coefficient is the measure of the strength 
of the relationship between variables and takes values 
between -1 and 1. For the authors’ variables, the correlation 
coefficient is equal to 0.9, which indicates a strong relation-
ship. Thus, it leads to the conclusion that the more items the 
subject collection offers for checkout, the more circulations 
the collection will show.

Additionally, some subjects experienced a greater total 
percentage of items circulated from within their subject 
areas. Not surprisingly, [E]—History of the Americas 
ranked highly with 66.1 percent of the volumes circulating. 
The next two highest subjects, however, were surprising 
as [R]—Medicine (56.4 percent) and [T]—Technology (51 
percent) ranked quite high in terms of the percentage of the 
collection that circulated. 

The frequency of item circulations, which is a ratio 
of the total number of circulations to the total number of 
circulated items, varied for each subject, and on average it 
ranged as low as 1.9 times per item for [A]—General Works 
and as high as 4.8 times for [R]—Medicine. The analysis 

revealed five subject collections with the highest percent-
age of checked out items at least once during the 2002–2019 
period, and the highest circulation rate for those items in 
demand. The subjects are as follows: [E]—History of the 
Americas, [R]—Medicine, [T]—Technology, [Q]—Science, 
and [M]—Music and Books on Music, and all have a fre-
quency of items circulations ranged on average between 4.3 
and 4.8 checkouts per circulated item (see table 3).

Research Question 2: Is there a measurable  
difference in demand for these print resources 

from the periods before and after an item  
was digitized?

The results indicate that, when average annual usage is 
calculated, a measurable difference in demand appears for 
these print resources in the periods before and after their 
digitization. The total number of items digitized between 
2010 and 2018 from the U of I Library’s collection is 
697,059. Almost half of the entire digitized collection falls 
in the years 2014 and 2018, with an annual total of 171,372 
and 160,151 per each year, respectively. Nine percent 
(63,352 items) of the print counterparts of the digitized 
items showed evidence of circulations during 2002–2019, 

Figure 3. Circulations of the Dewey Decimal Classification Subjects by Year
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with 102,540 total circulation transactions. Since 2012, less 
than 15 percent of items digitized in each year circulated 
(see table 4).

The decrease is evident when reviewing the aver-
age circulation per year for the pre- and post-digitization 
periods. For the pre-digitization period, the total average 
annual circulation for the print counterparts of the items 
digitized from 2010–2018 had 6,710 circulations. When 
reviewing the post-digitization period, the corresponding 
annual usage data is 2.72 times less, which is 2,464 circula-
tions. By examining the 2010 digitization year, one can view 
data for digitized items with a balanced number of years 
before and after digitization, which is nine. The project 
team included circulations recorded in the year of digitiza-
tion as part of the number of circulations pre-digitization. 
For example, the average number of circulations for items 
digitized in 2010 was calculated as a sum of circulations 
between 2002 and 2010 divided by nine years. The average 
number of circulations per year after digitization equaled a 
sum of circulations between 2011 and 2019 divided by nine 
years. Finally, the total average annual circulation for all 
digitized items was calculated as a sum of the average num-
ber of circulations per year for all nine years of digitization 
(see table 4).

One reason for the decreased demand for items fol-
lowing digitization can be an overall natural decline in the 
collection’s circulation (see figure 6). The total number of 
annual item checkouts for the library’s print collection fell 
from 482,206 in 2003 to 180,146 in 2019. At a rate of 2.68 
times less, it is nearly the same as the decline for the average 
annual circulation of the print counterparts of all digitized 
items pre- and post-digitization. The reduced demand for 
the library’s print collection might have resulted from the 
library’s expanding collection of electronic subscriptions to 
various journals, databases, and other electronic resources. 
Their usage could have served to displace the use of some 
of library’s print collections.

 In total, annual circulation demand was higher for the 
pre-digitization period than for post-digitization. To gain a 
deeper perspective on this result, the authors will conduct 
a comparative analysis of the usage of digitized copies ver-
sus circulations of their print counterparts. Additionally, 
an analysis can be done by an item’s publication year and 
subject to learn more about the library user’s demand and 
interest for the items chosen for digitization.

Figure 4. Circulation of the Library of Congress Classification Subjects by Year
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Research Question 3: Is there a difference in 
demand after digitization for those items that are 
freely available as full-text (most being pre-1923) 
when compared to those in which copyright or 

other restrictions limit the digital access?

Due to copyright limitations, most items published in 
1923 and later are not available as full-text via HathiTrust. 
The results indicate that there is a difference in the local 
demand for the print counterparts of those items that are 
freely available as full-text (as defined by pre-1923 date of 

publication and an “allow” status) when compared to the 
ongoing demand for those published in 1923 and later. The 
results appear to confirm that an item’s availability as a full-
text resource corresponded to a more significant decrease 
in the use of its print counterparts. As noted above, the 
overall circulation rate appears to decline post-digitization. 
The average circulation per digitized item for those pub-
lished after 1923 was lower than that for the pre-1923 
publications. 

In the authors’ data set, the library held 697,059 items 
digitized between 2010 and 2018. To assign the digitized 

Table 2. Total Number of Items and their Circulations by Subject, 2002–2019

Subject
(Library of Congress & Dewey Decimal Classifications) No. of Circulations No. of Items in Subject

Ratio of Circulations to 
No. of Items

300—Social sciences 1,121,234 1,694,519 0.66

600—Technology 689,616 1,029,920 0.67

500—Science 666,961 747,657 0.89

800—Literature 550,965 996,036 0.55

900—History & geography 540,132 728,953 0.74

P—Language and Literature 526,647 349,638 1.51

700—Arts & recreation 524,631 463,503 1.13

M—Music and books on music 352,509 171,403 2.06

000—Computer science, information & general works 215,355 437,922 0.49

100—Philosophy & psychology 201,739 157,261 1.28

200—Religion 171,590 183,482 0.94

400—Language 123,469 153,879 0.8

H—Social sciences 101,747 92,528 1.1

D—World history and history of Europe, Asia, etc. 83,472 130,221 0.64

B—Philosophy. Psychology. Religion 71,861 72,019 1

G—Geography. Anthropology. Recreation 38,482 146,392 0.26

E—History of the Americas 32,052 10,610 3.02

Q—Science 29,814 12,735 2.34

R—Medicine 29,799 11,100 2.68

T—Technology 25,391 11,512 2.21

N—Fine arts 21,776 18,992 1.15

L—Education 20,221 15,125 1.34

J—Political science 16,852 28,784 0.59

K—Law 13,089 59,087 0.22

F—History of the Americas 12,882 8,601 1.5

Z—Bibliography. Library science, etc. 7,431 15,954 0.47

C—Auxiliary sciences of history 6,284 10,314 0.61

A—General works 4,455 31,681 0.14

S—Agriculture 4,387 4,353 1.01

U—Military science 3,873 3,329 1.16

V—Naval science 318 309 1.03



46  Teper and Kuipers LRTS 65, no. 2  

item to one of the categories, such as “pre-1923 publica-
tions,” “post-1923 publications,” or “items with bad publica-
tion date,” the rights_date_used field from the HathiTrust 
data set was used. Correcting for those items with a bad or 
incorrectly entered publication date reduced the sample 
pool by 34,139 items. Of that final body of 662,920 items, 
36.7 percent, or 243,610, included pre-1923 publication 
dates, and 63.3 percent, or 419,310, were published in 1923 
or later. Despite the difference of more than one and a half 
times in number of digitized titles from each publication 
period, both pre- and post-1923 print counterparts showed 
similar numbers of circulated items over an eighteen-year 
period from 2002 to 2019, which is 30,550 and 29,572, plus 
the number of circulations, 48,534 and 48,753, respectively. 
It follows that the percentage of circulated items is 12.5 
percent for the titles published before 1923, and 7.1 percent 
for the titles with publication dates of 1923 or later. As for 
the frequency of items’ circulations, the average number of 
circulations per one digitized item is 1.7 times higher for the 
pre-1923 titles than for post-1923 publications, 0.199 versus 
0.116 (see table 5).

Comparing rates of circulation for pre- and post-
1923 publications before and after digitization led the 
authors to speculate about the impact of full-text access. 

The HathiTrust dataset has an access field that indicates 
whether users can view the item. The field contains one of 
the following two values: “allow” when end users can view 
the item, and “deny”—when cannot. Of the final body of 
243,610 digitized items published before 1923, 243,576 
items, or 99.99 percent, have “allow” as the access value, 
and thirty-four items, or 0.01 percent, have “deny” as the 
access status. This means that nearly all pre-1923 publica-
tions in the analysis are available as full-text after digitiza-
tion. Since a low percentage of the pre-1923 publications 
are not available for full-text access, they were not consid-
ered in the analysis. In the case of post-1923 publications, 
170,978 of 419,310 digitized items, which is 41 percent, are 
available as full-text via HathiTrust Digital Library, and for 
248,332 items, or 59 percent, copyright or other restrictions 
limit the digital access. 

To identify if there is a difference in demand post-
digitization, the authors compared the total average annual 
number of circulations before and after digitization for 
both pre- and post-1923 publication periods. For the items 
digitized in each of the 2010–2018 digitization years, the 
average annual number of circulations of their print coun-
terparts equaled as a sum of circulations recorded prior to 
and including the year of digitization for the pre-digitization 

Figure 5. Correlation between Total Number of Items in the Subject and Total Number of their Circulations
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period and as a total of circulations after the year of digi-
tization for the post-digitization period divided by the cor-
responding number of years participated in the calculation. 
The total average annual number of circulations is a sum 
of all average annual number of circulations for all years of 
digitization. Thus, for the pre-1923 publications with full-
text available via HathiTrust, the total average annual num-
ber of circulations equaled 3,313 before digitization and 
decreased by more than three times after digitization to 
1,014 circulations (see table 6). The post-1923 publications 

that are also available as full-text after 
digitization showed a drop in total aver-
age annual number of circulations as 
well, from 960 circulations in the pre- 
digitization period to 178 circulations in 
the post-digitization period, which is a 5.4 
decrease. For post-1923 publications with 
copyright or other restrictions limiting 
their digital access, the decline in circula-
tions was not as steep, with 2,102 circu-
lations before digitization versus 1,093 
afterwards. This is less than by 2 times 
(see table 7). Thus, considering that the 
items from the same publication period, 
which is post-1923, having only limited 
viewing rights, show a different circula-
tion decrease rate after digitization, which 
is three times as much for items whose 
full-text is available after digitization com-
pared with those with restricted full-text. 
This led the authors to conclude that 
users chose electronic over print. To fur-
ther establish the nature of this relation-
ship, the authors plan to conduct further 
research that would include circulation 
data not just for print counterparts of the 
digitized items, but also the usage data for 
the electronic items. The usage informa-
tion for the digitized copies will show if 
users had checked them out. Moreover, 
a general drop in the number of circula-
tions after digitization for both pre- and 
post-1923 publications might be associated 
with an overall reduced demand for the 
library’s print collection.

Conclusion

To complete a study of the impact of 
digitization on the circulation of printed 
items in a research library’s collection, 
one needs to compile information on the 

items in the collection, their digitization status, and their 
recorded circulation information. Many of the systems 
that libraries use to maintain or gather these data sets 
do not directly interface with one another. In this study, 
the research team needed to compile four different data 
sets that included not only the identifying information for 
more than 10 million items, but digitization histories for 
847,247 items and circulation transaction logs that tracked 
8,703,606 individual transactions over an eighteen-year 
period. With respect to the questions about the impact of 

Table 3. Percentage of Circulated Items (2002–2019) of Total Number of Items in 
the Subject

Subject
(Library of Congress &  
Dewey Decimal Classifications)

% of 
Circulated 

Items

Frequency of 
Items 

Circulations

E—History of the Americas 66.1 4.6

R—Medicine 56.4 4.8

T—Technology 51.0 4.3

Q—Science 49.5 4.7

M—Music and books on music 45.2 4.6

L—Education 39.9 3.4

F—History of the Americas 39.3 3.8

100—Philosophy & psychology 37.6 3.4

U—Military science 36.1 3.2

V—Naval science 35.9 2.9

700—Arts & recreation 35.1 3.2

P—Language and literature 34.8 4.3

N—Fine arts 34.5 3.3

200—Religion 32.1 2.9

S—Agriculture 28.3 3.6

400—Language 27.7 2.9

H—Social sciences 27.4 4

900—History & geography 27.2 2.7

B—Philosophy. Psychology. Religion 26.7 3.7

D—World history and history of Europe, Asia, etc. 22.5 2.9

500—Science 22.1 4

800—Literature 21.6 2.6

300—Social sciences 21.0 3.2

J—Political science 20.0 2.9

600—Technology 18.0 3.7

Z—Bibliography. Library science, etc. 16.8 2.8

000—Computer science, information & general works 16.7 2.9

C—Auxiliary sciences of history 16.7 3.6

K—Law 9.5 2.3

G—Geography. Anthropology. Recreation 7.8 3.4

A—General works 7.5 1.9
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digitization on the circulation of printed items in a research 
library’s collection, the conclusion from the data provided 
seems to indicate that there is a diminished amount of 

annual average usage for items in the periods after their 
digitization. With respect to differences in the demand 
for pre-1923 and post-1923 publications after digitization, 

Table 4. Print Items Circulations (2002–2019) by Year of Digitization
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2010 6,845 49.5 4,453 9 4,230 470 9 223 25

2011 136 39.7 76 10 69 7 8 7 1

2012 72,862 5.2 4,968 11 4,813 438 7 155 22

2013 8,824 14.1 1,508 12 1,459 122 6 49 8

2014 171,372 8.2 22,327 13 18,986 1,461 5 3,341 669

2015 97,909 12.3 19,738 14 18,114 1,294 4 1,624 407

2016 102,368 10.5 18,123 15 16,627 1,109 3 1,496 499

2017 76,592 6.1 7,516 16 7,063 442 2 453 228

2018 160,151 8.3 23,831 17 23,228 1,367 1 603 605

Total 697,059 102,540 94,589 6,710 7,951 2,464

Figure 6. Annual Number of Circulations for Library’s Print Collection
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the evidence points to a greater level of demand on print 
counterparts for items with restricted access. Overall, 
while there are significant differences in the demand on 
print resources by subject area, ascertaining whether the 
differences result from their digitization remains impos-
sible at this point. 

In comparison, it is possible to examine overall trends. 
The evidence thus far points to a marked decline in usage 
for print counterparts of the digitized items—a presumed 
confirmation of much speculation from years past—and 
a confirmation that existing print stocks can likely serve 
broader populations of users when borrowing networks 
resume regular operations. Among items that cannot be 
factored into this data are changes in the scholarly demand 
for resources or subjects, the impact of the digital avail-
ability from other, commercial sources such as e-book 
backfile packages on the use of individual titles or within 
disciplinary areas, or how those who used digital surrogates 
interacted with the resources (using online, printing, etc.). 
However, the evidence does point to a decline in usage 
post-digitization as a general trend. 

Additionally, this data does not further the understand-
ing of how the availability of access to items digitized and 
shared via HathiTrust might impact both local circulation 
and the rate of interlibrary loan and document delivery 
for such items. Determining the impact on the borrowing/
lending behaviors of local communities is a critical step in 
determining how our institutions might approach the man-
agement of these collections in the future. 

What this means for libraries and scholars is unclear. 
Some will look at this selective set of data and assume that 
collections can be managed more aggressively, lending cre-
dence to those concerned in the scholarly community that 
libraries are not stewarding our cultural heritage. Others 
will view the data as incomplete or flawed, using it to sup-
port stonewalling local and collective efforts to rationally 
manage low-use collections that occupy significant portions 
of campus buildings where broader bodies of students and 
scholars may benefit from direct access to other services. In 
the end, the findings can point us in directions, to encour-
age the scholarly community to sharpen its arguments about 
the value of preserving elements of our shared cultural 

Table 5. Number of Digitized Items and Circulations by Publication Period

Publication
Period

No. of Digitized 
Items

No. of Circulated 
Items

% of Circulated 
Items No. of Circulations

Circulations per 
one Digitized Item

Pre-1923 publications 243,610 30,550 12.5 48,534 0.199

Post-1923 publications 419,310 29,572 7.1 48,753 0.116

Table 6. Number of Digitized Items and Circulations by Year of Digitization for Pre-1923 Publications
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Pre-1923 Publications

Total Before Digitization After Digitization

No. of Digitized 
Items

# 
ye

a
rs

No. of Circulations 
with Access  

“Allow”

No. of Circulations 
with Access 

“Deny”

# 
ye

a
rs

No. of 
Circulations with 
Access “Allow”

No. of Circulations 
with Access  

“Deny”

With 
Access 
“Allow”

With 
Access 
“Deny” Total

Avg. 
Annual Total

Avg. 
Annual Total

Avg. 
Annual Total

Avg. 
Annual

2010 6,242 - 9 3,766 418 - - 9 176 20 - -

2011 132 - 10 65 7 - - 8 7 1 - -

2012 11,434 - 11 1,004 91 - - 7 114 16 - -

2013 3,470 - 12 1,188 99 - - 6 41 7 - -

2014 84,332 1 13 11,542 888 - - 5 1,810 362 - -

2015 74,452 6 14 14,350 1,025 6 0 4 1,150 288 0 0

2016 20,095 27 15 3,967 264 8 1 3 362 121 0 0

2017 17,203 - 16 2,773 173 - - 2 187 94 - -

2018 26,216 - 17 5,913 348 - - 1 105 105 - -

Total 243,576 34 44,568 3,313 14 1 3,952 1,014 0 0
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heritage without advocating that the community of research 
libraries tackle the impossible by preserving everything, to 
support collection stewards as they seek to manage their 

collections, and to further the discourse around how we 
curate these resources. 
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