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Computer-assisted Indexing Complements 
Manual Selection of Subject Terms for Metadata in 
Specialized Collections 

Suzanne Cady Stapleton, Chelsea S. Dinsmore, David Van Kleeck, 
and Xiaoli Ma*

Discovery of digital items by scholars and the public is highly dependent upon effective 
metadata to ensure inclusion and prioritization in search engines. Subject descriptions 
based on controlled vocabulary, such as Library of Congress subject headings (LCSH), 
are particularly useful to enhance discovery, but they may be expensive to provide. In 
this case study we compared the results of computer-assisted indexing with manual 
selection of subject terms as part of an effort to enhance findability of journal informa-
tion at the issue level. Our results suggest that incorporating both computer and human 
processes provide the highest impact for discovery of distinctive digital collections. 

Introduction
Digitization provides libraries a way to offer equitable access to their most distinctive holdings. 
Extensive resources have been expended on the process of selecting, scanning, and adding 
content to digital library collections around the world. Today, the focus of digitization tends 
to be on curated collections featuring unique items. However, if the metadata describing these 
items is insufficient for successful precision and recall from search queries, all of the work to 
make the digital surrogates available may be wasted. If high value research materials cannot 
be found by users online, then those materials might as well still be sitting in closed stacks.

It is well established that metadata (in other words, bibliographic description) as the de-
scriptive representation of an item is critical to the success of patrons’ discovery and usage of 
digital items.1 Even in full-text search environments, Zhang and Dimitroff found that metadata 
influences discovery through prioritization of results.2 Interoperable metadata can be shared 
efficiently between online systems, allowing for an increase in discovery and potential use.3 

Enhanced metadata is particularly valuable when collections feature a GLAM (galleries, librar-
ies, archives, and museums) institution’s distinctive holdings. Expanded metadata may include 
additional subject headings, abstracts, chapter titles, and even transcriptions of manuscripts or 
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audio resources. However, creating robust metadata is labor-intensive. As Kuny and Cleveland 
state, “One important consequence of the information revolution is that the costs of organiz-
ing information are beginning to match the costs of producing the information.”4 Assessment 
of an automation option for metadata development are the subject of this research project. 
For this study we asked the question: to what extent can the assignment of subject terms be 
automated for digital collections of specialized materials? 

To explore this question, a team at the University of Florida George A. Smathers Librar-
ies (Libraries) tested computer-aided subject indexing software. This software was selected 
because it is widely used in the publishing industry but had not yet been used in an academic 
library setting. The team identified an appropriate controlled vocabulary emphasizing natu-
ral language over hierarchical arrangement. Natural language tools were preferred to better 
match user expectations and user experiences, such as with the popular Google search engine. 

The research team compared the computer-aided selection of subject terms based on 
full-text analysis with the results from humans using a weighted rubric to select subject terms 
for the same publication. The challenges and benefits of each method in this case study were 
analyzed. As a result, we recommend a workflow that integrates computer-aided indexing with 
manual indexing for best efficiency in increasing discoverability of digital library collections. 
Results of this study contribute to the discussion described by Golub et al. on incorporating 
tools for computer-assisted index term suggestions into human indexing workflow.5 

Literature Review
Yang and Perrin maintain that “one of the most important duties for digital librarians is to 
evaluate indexing effects of search engines on their local digital resources. By doing so, digital 
librarians are able to adjust metadata strategies to improve the discoverability of digital con-
tent on the Internet.”6 This evaluation can suggest metadata standards that are streamlined for 
maximum efficiency of item description and for interoperability with various search platforms 
(such as use of Dublin Core, MARC, and XML MODS metadata element fields). Standard 
minimal metadata (like title, author/creator, publisher, year of publication) may be inadequate 
for maximum item discovery. As Fagan and Willey state, librarians can improve search engine 
optimization (SEO), particularly when working with undergraduates.7 The subject (for instance, 
keyword phrases, category, and subject description) in an item’s metadata are significant. Subject 
indexing of digital objects enhances their discoverability and usage.8 In a year-long analysis of 
user searches in Texas Technology University’s institutional repository, Yang determined that 
title, description, and subject were the most significant Dublin Core metadata elements for 
item discovery through internet searches.9 In 73,341 visits from “organic” search engine traf-
fic, user search terms (keywords) appeared in item metadata as title (74%), description (55%), 
and subject (20%), alone or in combination.10 Gross and Taylor defend the ongoing need for 
subject headings in metadata.11 They found that keyword search terms appeared exclusively 
in subject metadata fields in 35.9 percent of search results; thus, these results “would be lost 
in the absence of subject headings.”12 In 2015, Gross and Taylor replicated this research and 
found that, even with the inclusion of tables of contents and summaries/abstracts, “an average 
of 27% of hits would be lost if the subject headings were not present in the records. While the 
proportion of hits that would be lost in the absence of subject headings is reduced with the 
addition of contents and summary data, it still represents a significant proportion of total hits 
(more than one fourth).”13 They also “found that when limited to English, the loss is 24.8%, 
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demonstrating that subject headings in English are, indeed, helpful in locating materials in 
other languages.”14 Moreover, Hider et al. found that reindexing the records in the Australian 
government’s Office for Learning and Teaching Resource Library database with additional 
subject terms significantly increased both precision and recall in search results.15

Refining search results via the use of facets is a common search strategy in those catalogs 
and discovery platforms that feature faceted search results. Most libraries using these plat-
forms configure them to include subject terms as one of the prime facets. Woods, Gillespie, and 
McManamon, while conducting a usability survey of the resource discovery platform for the 
University of Liverpool’s Library Service, found that “the use of refining and limiting facets was 
also endemic, with 96% [of the survey respondents] advising that they refined their searches to 
some degree.”16 Even in next-generation library catalogs that feature streamlined centralized 
search boxes to appeal to users, enhanced subject metadata can support a “browsable, high-
level topical overview of the information space” as recommended by Cuna and Angeli.17 This 
points to the value of subject terms in catalog and digital collection platform records.

However, subject indexing is time-consuming. “Subject terms play a crucial role in 
resource discovery but require substantial effort to produce.”18 “Subject indexing has been 
long considered one of the most challenging tasks in information organization due to the 
difficulties in accurately, consistently, and comprehensively describing what a document is 
about according to the anticipated use of the document.”19 Thus, there is interest in exploring 
automation of subject indexing for digital collections.

Research and development of innovative computer-aided subject indexing is an active 
area of research. The debate over the role of automation by computers versus human involve-
ment in subject indexing is also ongoing. Wu and Li, for instance, recommend automatic key 
phrase selection to enhance metadata for more efficient discovery.20 Machine assistance for 
selection of appropriate subject terms offers potential increase in quality (precision and recall) 
and potential time and cost savings in the creation step.

 …subject indexing involves determining subject terms or classes under which a 
document should be found and what it could be used for; this goes beyond simply 
capturing what the document is about and is generally done better by people than 
by computer programs. However, automatic indexing algorithms that use rules 
learned from a good training set might find such terms, but human indexers who 
are not well trained might miss them.21

Whether computers or humans are employed in subject indexing, proper training is 
critical. Equally important is evaluation of digitization workflows, particularly those aspects 
influencing metadata.

This study compares the use of computer-aided indexing to human indexing methods 
for selection of subject terms to enhance metadata of a newly digitized specialized collection. 
The project serves as a test case of a new tool with the intention of using results to contribute 
to the development of best practices in metadata management for digital library collections.

Project Background
Land grant institutions in the United States continue the work begun in the early 1990s to 
digitize and preserve historic agricultural literature as a means to “capture the national char-
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acter of Americans.”22 Caminita, Cook, and Paster describe the national effort and rationale to 
preserve and digitize agriculture and rural literature.23 These efforts identified “core” historical 
literature through bibliometric analysis and consultations with subject matter specialists. The 
University of Florida participated as one of the nine original libraries in the National Preserva-
tion Program for Agricultural Literature and continues providing leadership in these efforts 
today.24 In 2018, for example, the Libraries modeled cooperative digitization of significant 
historical agricultural literature with external publishers and material under copyright. With 
funding from Project Ceres, the Libraries completed digitization and print preservation of 
54 years of the Florida Cattleman & Livestock Journal, a foundational publication to agriculture 
in the state and a nationally recognized publication. Published by the Florida Cattlemen’s 
Association, the publication has strong ties to the University of Florida; every issue includes 
articles by University of Florida Institute of Food and Agricultural Sciences faculty sharing 
results of their research. The publication continues to be an important communication tool 
within the agricultural industry in Florida today. The Florida Cattleman and Livestock Journal is 
an example of specialized content in agricultural sciences, a field of importance to land-grant 
institutions. The digital content was added to the Florida Historical Agriculture and Rural Life 
collection (https://ufdc.ufl.edu/flag) of the University of Florida Digital Collection (UFDC). 

The UFDC currently holds more than 14.8 million pages from more than 655,000 digital 
items, comprising nearly 170,000 different titles, many from highly specialized collections.25 
Metadata of published content is typically populated directly from MARC-formatted OCLC 
records, which are converted to METS/MODS format in the UFDC system. 

This study explored one of the first uses of Access Innovation’s Data Harmony Machine-
Aided Indexer (M.A.I.) software in an academic library. Access Innovations is a software and 
metadata management company, which has provided semiautomated indexing in the pub-
lishing industry for more than 30 years. Machine-aided indexing systems use three methods 
to extract and recommend words or phrases: linguistic (criteria based on parts of speech), 
statistical (frequency of use), or rules-based (algorithms using if-then statements).26 Data Har-
mony’s M.A.I. uses a combination of programmed rules on top of criteria that extract terms 
based on part of speech or position within a sentence (a linguistic system). This system was 
selected for this study for its ability to return reliable results based on rules-based criteria. 

Subject description terms identified using M.A.I. were compared to manual selection 
of subject terms, using the serial, Florida Cattleman and Livestock Journal. Once selected, addi-
tional subject description terms for each issue of this title are added to improve findability at 
the issue level. Future assessment to evaluate the impact of digital records with and without 
enhanced metadata on discovery and usage is warranted.

Materials and Methods
The Project Ceres award from the United States Agricultural Information Network (USAIN), 
Agriculture Network Information Collaborative (AgNIC), and the Center for Research Libraries 
(CRL) funded digitization of historic issues of the Florida Cattleman and Livestock Journal. Every 
issue in this monthly serial except one, from its inception in 1934 through 1988 was digitized 
and shared online for the first time. The magazine changed titles three times during this pe-
riod. Issue sizes ranged from four pages in the early years to more than 100 pages, typical for 
issues published after the mid-1950s. This publication offers broad coverage of production 
topics such as cattle breeding, pasture improvement, identification and treatment of pests and 
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diseases, as well as marketing, policy, and food science. From the 616 historic issues digitized 
with funding by Project Ceres, a random sample of 35 issues were selected for this research 
project. Issues for the sample were identified with a random number generator from R.27

The research team evaluated options for an appropriate controlled vocabulary for this 
research using both a “top-down and a bottom-up approach.”28 For the top-down approach, 
search results for sample terms related to the content of this special collection were compared 
between existing vocabularies: a broad social studies and humanities thesaurus developed 
for JSTOR (https://www.jstor.org/) and the Agricultural Thesaurus of the National Agricul-
tural Library (NAL Thesaurus, https://agclass.nal.usda.gov/agt.shtml). The NAL Thesaurus 
provides the controlled vocabulary for search engines such as AGRICOLA and PubAg. Of 54 
sample production terms searched, JSTOR included 54 percent and NAL included 68 percent 
(excluding names of animal breeds, families, farms, or organizations). JSTOR was selected for 
the controlled vocabulary because of its natural language structure and the breadth of topics 
covered. The selection of JSTOR was also influenced by the intent to use the customized con-
trolled vocabulary to enhanced metadata of electronic theses and dissertations, which cover 
a broad range of topics. The Libraries obtained permission to customize their own version 
of the JSTOR vocabulary for internal use. In the bottom-up approach to creating a relevant 
controlled vocabulary, terms of significance to the specialized collection were selected from 
the collection itself and through guidance with an advisory team.

A small advisory team composed of an animal scientist and an agricultural historian con-
vened to work alongside the subject matter specialist librarian and student research assistant. 
Together, the team and researchers contributed expert knowledge in a variety of disciplines 
related to the topical coverage of the serial content: plant sciences and agricultural production, 
veterinary studies, anthropology/folklore/oral history, and animal science/meat science. Basic 
user profiles were developed to anticipate future use by UFDC patrons. The primary uses an-
ticipated for the Cattleman’s digital collection were family (or farm) genealogical research and 
animal studies/agricultural science research. The team studied topics covered in the historic 
issues and reviewed industry trends during this time period. Significant advances and chal-
lenges to the industry during this period were identified as topics of interest to agricultural 
scientists. For example, the passage of the fence laws in 1949 contributed to the successful 
eradication of the cattle fever tick Rhipicephalus (Boophilus) annulatus and R. (B.) microplus from 
Florida in 1962.29 The fence laws changed the Florida cattle industry from open range manage-
ment reliant on cattle branding to rotational grazing of improved pasture. A list of important 
terms related to identified topics was developed. Terms such as “fence law,” “cattle fever tick,” 
“open range,” “range management,” and “improved pasture” were identified as important.

Machine-aided Indexing Method
Digital object files were prepared for batch loading into Access Innovation’s Data Harmony 
software, following a standardized naming convention for each .txt file. Reports were set up to 
generate the top 10 terms for each issue of the serial. M.A.I. reports display the preferred terms 
and their frequency in the full text, as well as any nonpreferred terms and their frequency. 
Four rounds of rule building were undertaken to develop the taxonomy for this project; in each 
round, specific terms were identified to be excluded, added, or in need of rule modification. 

After reviewing an initial M.A.I. report on the terms that appeared most frequently in the 
research sample, rules were modified. This was the first custom rule-building in an iterative 

https://www.jstor.org/
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process to reduce false-positive search results. The rules we built in the first round sought to 
exclude generic, overly broad terms and to define abbreviations of significant and frequent 
terms. We determined that very broad terms would not be useful as enhanced metadata since 
they would repeat concepts in the publication title and would be unlikely to identify topics 
specific to a particular issue of the serial. Very broad terms are unlikely to aid patrons in finding 
relevant issues of the serial. Therefore, rules were written to exclude very broad terms (such 
as Florida, cattle, livestock, journal, herd, steer, cow; agriculture, dairy, ranches, counties) 
from computer-aided indexing reports. One rule was developed in response to poor optical 
character recognition (OCR), whereby “tiles” appeared as a highly used term. Researchers de-
termined that “tales,” “the,” and column breaks were misread as “tiles” by the OCR software. 
Initially, eight rules were modified based on an initial review of the machine-aided indexing 
reports of the 35 sample issues. Historic publications, in particular, may contain numerous 
challenges to OCR (see challenges discussed later). 

The advisory team reviewed the JSTOR vocabulary and found it lacked many terms of 
specific importance to Florida’s cattle industry. These terms were added to create a local, cus-
tomized version of the thesaurus. Examples of production terms significant to Florida’s cattle 
industry that were not found in the JSTOR thesaurus include “Bang’s disease,” “cattle fever 
tick,” “cattle rustling,” “forage legume,” “improved pasture,” “quarantine,” and “selenium” 
(a mineral often deficient in Florida soils). Added terms came from the National Agricultural 
Library (NAL) thesaurus whenever possible. Select local terms of significance that do not ap-
pear in either JSTOR or NAL thesauri were identified and added, such as “Cracker cattle,” 
“fat steer,” “fence laws,” “ticky deer,” and “beef checkoff.” A total of 219 terms were added 
to the customized JSTOR thesaurus for this project, resulting in a total of 57,113 preferred 
terms. Separate thesauri are under development at the Libraries for prominent names and 
geographical locations important to the state. More than 200 names identified in this project 
were made available for reuse in these other metadata enhancement projects.

In the second round of review of M.A.I. reports, we worked with the advisory team to 
identify preferred and related terms of significance. Separate rules were written to define these 
terms into the rules-based thesaurus. For example, “cattle fever tick” was set as the preferred 
term for “ticky deer” and “fever tick”; “brucellosis” was set as the preferred term for “Bang’s 
disease” (Brucella aborta). “Clover” was identified as a related term for “forage legume.” We 
built other rules to address the high incidence of erroneous terms in the M.A.I. reports (for 
example, an exclusion rule was written for “box” to prevent results related to post office ad-
dresses, prevalent in the advertisements and classified sections of this serial). 

In the third round of rule building, custom rules were modified as we became more 
familiar with the impact of the rules. For example, exclusion of individual terms does not 
exclude phrases containing those terms in JSTOR (for instance, excluding “cattle” did not 
exclude “cattle ranching”; excluding “dairy” did not exclude “dairy industry”). Rules to ex-
clude generic individual terms needed to be revised to include additional phrases with broad 
terms such as “cattle ranching” and “dairy industry.” As Miller attests, “knowledge of the 
principles of controlled vocabularies and semantic relationships can help local implementers 
to create more robust and reusable vocabularies.”30 A total of 29 terms were excluded due to 
their generic nature. 

In the final iteration of thesaurus rule development, the subject specialist worked with 
the metadata librarian to build more nuanced and informed rules. For example, although beef 
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was excluded as too broad a term to be useful, “beef checkoff” was added as an important 
concept representing a national beef promotional campaign launched during the period cov-
ered by this serial. The term “grasses” was removed from “pasture” because grasses represent 
a separate subset of pasture plants; not all pasture plants are grasses. Improving pasture by 
incorporating legume plants (such as clover) was a significant subject covered by this special-
ized collection with the goal of improving cattle nutrition, beef quality, and sales of Florida 
beef. We added the terms “improved pasture” and its wild predecessors “open range” and 
“native range.” Definitions of locally important terms were expanded to include, for example, 
“fat stock” for finishing cattle. 

After each round of rule building, a new report of the top 10 terms generated by the 
machine-aided indexing was reviewed. In the end, four rounds of custom rule-building were 
deployed in this study. In sum, a total of 218 terms were added, 63 terms excluded, and 37 
rules modified in the thesaurus. While these changes were important for this specialized col-
lection, they involved only a fraction of terms in the original JSTOR thesaurus of 56,895 terms. 
From the M.A.I. report, the top five terms for each issue in the random sample were reviewed 
before being added to the issue metadata as additional subject indexing terms. Best practices 
informed our decision to limit additional subject terms to between five and seven; Library of 
Congress recommends a maximum of six subject headings for most cases.31

FIGURE 1
Excerpt of Manual Rubric Score Sheet for Two Sample Serial Issues, Vol 10(9) and Vol 23(3)

Note: Each subject term or phrase is identified as a name (blue highlight) or production term (green 
highlight). The provenance and importance of each term or phrase is identified by issue front cover (cover), 
table of contents (TOC), importance in Florida (FL importance), theme of serial issue (Issue theme), whether 
the term is repetitive (repetitive). Points are assigned to each term based on its provenance and importance. 
Preferred terms are noted (preferred subject term or phrase) and the sum of scores for each term is listed.
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Manual [Human] Rubric Method
An alternative method to machine-assisted selection of subject terms to use as enhanced meta-
data for issues of the Florida Cattleman & Livestock Journal relied upon manual use of a rubric. 
We developed a rubric to standardize the manual selection of subject terms. The rubric is a 
scoring system whereby terms are weighted by their provenance (see sample excerpt in figure 
1). Each time a term appeared on an issue cover, for example, it was assigned three points 
and two points for each time it appeared in the table of contents. Beginning in 1953, issues 
of the Florida Cattleman & Livestock Journal featured a theme. For example, the theme for each 
January issue was Brangus breed of cattle, a cross between Brahman and Angus developed 
to better handle Florida’s subtropical climate.

Two researchers applied the rubric to the 35 sample issues. Terms were selected and color 
coded as either Names or Production terms. Names included people, places, farms/ranches, 
animals, and organizations. During the period covered, many industry support organizations 
launched, for instance, the state-sponsored livestock markets for cattle sales, the Florida Quarter 
Horse Association, and new research facilities. Production terms included concepts related 
to all aspects of cattle production from calving, feeding and nutrition, pasture management, 
disease management, to marketing, sales, and beef consumption, as well as related industries 
including horse, swine, dairy and topics celebrating rural life such as rodeos and festivals.

FIGURE 2
Twelve Terms Appeared in the Top Five Ranking in Both Machine-aided Indexing and 

Manual Rubric Reports across 35 Random Sample Issues of the Florida Cattleman & 
Livestock Journal
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From the manual rubric, the top five scoring production terms for each issue in the random 
sample were reviewed before being added to the metadata for each of the 35 sample issues. 
All terms with tied scores were included. As this was a proof-of-concept pilot project, the 
team chose not to address the amount of time and effort required in the evaluative process. 
Limitations in the ability to evaluate results within the UFDC platform did not impact the 
researchers’ ability to compare results returned by computer-aided selection relative to results 
from human review. Having uncovered some shortcomings within the platform, including 
returning issue-level results, the research team now has a plan of action to investigate solu-
tions that will allow for further evaluation, particularly in cost and effectiveness. 

Results: Comparison of Machine-aided Indexing and Manual Rubric Methods
There were 24 instances where a subject term ranked in the top five for the same serial issue 
in both M.A.I. and manual rubric reports. These 24 instances included 12 subject terms across 
the 35 sample issues (see figure 2). Five of these terms refer to specific cattle breeds (Brahman, 
Hereford, Shorthorn, Angus, and Limousin). For five serial issues, the top-ranked term was 
common for both subject selection methods: Brahman, Hereford, and pastures.

From this sample of 35 issues, M.A.I. reports generated 36 unique terms ranked in the 
top five (see figure 3a). The manual rubric generated 125 unique terms ranked in the top five 
from the same sample (see figure 3b). M.A.I. reports are produced by computer-aided review 
of term frequency in full text in accordance with controlled vocabulary and its associated rules 
for excluding or substituting a preferred or related term. The frequency of the top five terms 

FIGURE 3a
Word Clouds of Unique Subject Terms Generated from Random Sample of Thirty-Five 

Issues of the Florida Cattleman & Livestock Journal from (a) Machine-Aided Indexing and 
(b) Manual Rubric Method
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in the M.A.I. reports varies, but there is a significant focus on a limited number of terms (see 
figure 3a). Comparison of figure 3a and figure 3b reveal the differences in the two methods 
of subject term selection. The manual rubric generates much greater variety of terms than the 
M.A.I. reports. The M.A.I. method efficiently identifies the most frequently used terms, while 
a manual rubric highlights the most significant (important) subject terms. 

Discussion

Descriptive metadata is important because it provides intellectual access to the 
contents of a digital collection… [it serves] the two overarching functions of 
identification and retrieval…. It allows users to identify the content, context, and 
meaning of digital resources, both individually and in relation to one another, and 
it allows users to retrieve individual resources and sets of related resources based 
on any number of shared characteristics. Metadata supports both the searching 
and browsing methods of information retrieval… without metadata, the [digital] 
collection would be virtually useless.32 

Rich subject indexing is important to the discovery and use of digital special collections. 
This project compared the use of computer-aided indexing against a manual rubric to select 
five to seven additional subject terms for metadata enhancement of digital objects. The objective 
was to evaluate and compare the results of these two methods to identify additional subject 

FIGURE 3b
Word Clouds of Unique Subject Terms Generated from Random Sample of Thirty-Five 

Issues of the Florida Cattleman & Livestock Journal from (a) Machine-Aided Indexing and 
(b) Manual Rubric Method
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terms to aid discovery of digital objects in an academic library digital specialized collection. 
The project also served as one of the first test cases of Access Innovation’s Data Harmony 
software suite in an academic library setting. A distinctive collection of digital content was 
selected for this project, as the extra commitment to enhance metadata may be most likely to 
be employed in these themed, unique collections.

Training was necessary to become familiar with Access Innovations Data Harmony soft-
ware suite, a new tool for librarians at the Libraries. The original research project with objective 
measurement of impact was modified by necessity in response to technological challenges 
encountered. The research team also pursued one iteration of the research method, to com-
pare only the front cover plus table of contents of each issue in both machine-aided indexing 
and manual rubric, only to abandon this approach later. To measure the true power and gain 
maximum benefit of computer-aided indexing, the full text of each issue was included in the 
machine-aided indexing process.

M.A.I. can report the frequency of terms in a weighted word count, prioritizing terms that 
appear in the title or abstract, for example. Weighting of terms avoids problems, as Zhang, 
Smith, Twidale, and Gao attest, “as [digital] collections grow and more federated searching 
is carried out, the absence of weights for subject terms can cause problems in search and 
navigation.”33 No abstracts are published in the Florida Cattleman & Livestock Journal, so term 
preference by M.A.I. in this study occurred only as a result of thesaurus rules applied to the 
full text. With the manual rubric, terms were weighted in an attempt to efficiently capture 
the important topics in the issue based mainly on the provenance of terms, with priority as-
signed to terms on the front cover and table of contents. However, provenance of terms was 
not the only criteria in this method. Terms were also weighted heavier if they represented 
the issue theme or an important topic for the industry as identified by the Advisory Team. It 
was not uncommon for colloquialisms or term abbreviations to be used on the cover or table 
of contents, thus requiring consultation with the corresponding article(s).

This method corroborated the team’s premise that machine-aided indexing is valuable 
in speeding up the process for identifying relevant terms but does not replace the need for 
human review. The process increases efficiency in that it reduces time for the initial steps of 
the overall application and review of subject terms.

Specialized collections cover specific content with unique terms that may need to be added 
to a thesaurus. Miller notes that “it is not uncommon in designing and creating metadata for 
digital collections that there is no established controlled vocabulary that meets local needs,” 
which leads to development of local controlled vocabularies.34 Baxter, Trott, and Hale identi-
fied “distinguishing characteristics” during metadata creation of a historic agricultural serial 
and assigned subject terms for prominent topics to “encourage patrons outside of the field 
of agriculture to intentionally and serendipitously discover these materials.”35 This project 
contributes to current conversations on best practices for metadata creation and enhancement 
of digital objects. Adding terms based on keywords from the title to existing LCSH has been 
recommended.36 

This study illustrates the differences resulting from machine-aided indexing and a manual 
rubric method of selecting relevant subject terms to describe digital material. The importance 
of subject terms in bibliographic description (metadata) for improved discovery is established.37 
Use of these terms in both the item metadata and the search interface is needed for best use.38 
There is an added cost to enhancing the metadata of a digital item; thus, efficiencies in these 
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endeavors are of interest to all digital collection managers. Highly specialized content, such as 
found in digital special collections, requires additional preparation of an appropriate thesau-
rus to be able to select subject terms of significance to users. Modifying an existing thesaurus 
requires more investment of humans before the benefits of automatic indexing can be reaped.

The large differences in terms identified in the two methods employed in this study il-
lustrate the influence of subject term selection methodology. We argue that the two methods 
employed will provide best results when used together. The machine-aided indexing provides 
an efficient means to highlight terms that appear with the most frequency in full text. The 
manual rubric, weighting subject terms by provenance and incorporating subject knowledge 
expertise to favor terms of significance, resulted in a greater number of significant subject terms. 
Although the M.A.I. terms are weighted by rules in the customized thesaurus, we found that 
a final review of M.A.I. terms by subject specialists is warranted. The manual rubric provided 
richer, more nuanced content, which was better able to describe changes in the history of the 
Florida cattle industry over the 50-year time period covered by this digital collection. A com-
bined approach where the efficiencies of computer software to analyze full text is harnessed 
and final selection of terms is conducted by human subject matter experts is advised.

The process of developing such a workflow is proposed and appropriate for any spe-
cialized collection. The first step in the process is to assemble an advisory team with subject 
matter expertise, then select the most appropriate thesaurus, or thesauri, for the goals of the 
project. Develop a manual rubric to weight terms of significance to the specialized collection 
in question. Separately, run an initial M.A.I. report on a random sample of the specialized 
collection. We recommend generating reports with the top 10 to 15 terms per digital item. 
Use the first run to identify any problems with OCR and then refine results, focusing on their 
utility to researchers. Results from the two methods can be compared to help further develop 
thesaurus rules, as needed. Use an iterative process to build rules into the thesaurus to eluci-
date appropriate terms. Finally, employ subject matter experts to review the top-ranked terms 
from the M.A.I. method. Adjust the most frequently used terms (M.A.I. method) if needed to 
include the most significant terms (manual rubric method). Add the top five to seven terms 
as subject description terms into the metadata for each digital item.

The recommended process, then, is machine-assisted indexing with human-augmentation. 
Discernment from humans is still critical to identification of relevant subject terms. Creating 
an advisory team of subject experts with a range of perspectives on the content will improve 
the process of selecting subject terms. Close communication among the team is important to 
bring together expertise of indexers and subject matter experts into the ontological develop-
ment. Baxter, Trott, and Hale describe a team of subject specialist librarians working with 
cataloging and digital librarians to digitize and make accessible historic agricultural serials 
from the University of Tennessee.39 Testing and training on the impacts of customized rules is 
important. Close consultation with an ontologist would be useful to develop rules appropriate 
for the controlled vocabulary of a local project. Review of metadata as an essential ongoing 
process, rather than an infrequent large-scale endeavor, is advised.40 Diagle imagines robust 
metadata structured in contextual layers to emphasize improved user experience of digital 
special collections, providing additional information only as the user requests.41 

Of the several challenges encountered during this project, three are worth mentioning. 
This project prompted the project team to reevaluate and replace existing tools for Optical 
Character Recognition (OCR) of the newly digitized text. In this specialized collection, content 
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design and layout along with binding impediments proved challenging for the OCR generat-
ing system (Prime). The Florida Cattleman serial, especially the historic issues, includes decora-
tive font, diagonal text, columns, images with embedded captions, and colloquialisms. These 
aspects, which may not be uncommon for collections of this period, created challenges for 
machine-reading. As a result of this study, the Libraries’ Digital Support Services team plans 
to undertake a study to compare the OCR creation software tools, Abby Fine and Tesseract, 
against Prime OCR recognition software. Testing a sample of text from the body of work to 
be studied in the designated OCR recognition software is recommended as an initial project 
step in digital initiatives of content that was not born digital. 

A second significant challenge encountered in this study is the subjectivity of subject de-
termination. Subjectivity of indexing is well documented in the literature as catalogers attempt 
to summarize the significance of an item for anticipated future use.42 Additionally, indexer 
bias in assigning descriptive terms may also be a concern.43 Development and application of 
a rubric helped provide specific parameters to standardize human assessment of appropriate 
subject indexing terms. Yet, we found that, even with the rubric, prior experience influenced 
each human’s perspective and interpretation of significance. In this study, the veterinary stud-
ies research assistant was more likely to select terms related to pathology and treatment of 
animals while the plant scientist prioritized pasture improvement. Thus, it is recommended 
to assemble an advisory team with broad, representative backgrounds. 

Finally, a third challenge researchers faced was determining when the customized thesau-
rus was ready to use. In fact, thesauri are never complete, yet use of them must move forward. 
New terms emerge and the use and meaning of terms change over time. In this study, for ex-
ample, “fat stock” is now referred to as a “finished animal,” so vocabulary rules must always 
be updated. The Library of Congress, for example, undergoes routine revisions of subject 
headings to keep library catalogs current.44 For transparency and reproducibility of research, 
we highly recommend capturing the thesaurus employed at the time of a study for reference.

This study was unusual in its aim to focus on issue-level metadata for a specialized collection 
serial. Recommended practices from this study are more easily applied to special monograph 
collections, such as electronic theses and dissertations. Since this study, the Libraries have ex-
panded their capacity in metadata and computer programming support. Efforts are underway 
to address technological constraints encountered that restricted the ability to provide issue-level 
results and thus impeded our ability to capture measurable impact in this study. Knowledge and 
skills gained from this project are aiding the Libraries in development of processes to incorporate 
and maintain the local controlled vocabulary for use across the digital library. 

Conclusion
This study employed a new tool for academic libraries to enhance the metadata of a newly 
digitized collection. Based on this study, we recommend a collaborative indexing workflow 
between computer automation and humans to maximize the inherent powers of each. This 
combination maximizes the power of computer automation to assess full text with the discern-
ment of subject matter experts to develop an appropriate thesaurus and prioritize the final 
selection of subject descriptions. The findings also reveal a number of challenges that can 
inform future similar projects. After subject term selection, automated processes can be used 
to add the identified subject terms into metadata. In this manner, digital collections of unique 
content can be described most effectively for greater discovery and usage. These findings con-
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tribute to special collections management as well, where evidence supports “more product, 
less processing” to reveal hidden collections with minimally sufficient descriptions that meet 
user preferences to search for “aboutness” of digital content through search engines.45 Our 
research may also contribute to current efforts to provide ethical subject headings. In 2016, 
for example, the Library of Congress decided to revise the subject heading “illegal alien” in 
recognition of its “pejorative tone in recent years.”46 The American Library Association’s Subject 
Analysis Committee Working Group on Alternatives to LCSH “Illegal aliens” is developing 
recommendations for libraries to implement subject term changes on their own or within their 
consortial catalog. Our research may offer solutions to challenges encountered in library efforts 
to use inclusive and respectful subject headings such as selecting alternative vocabulary/termi-
nology, identifying inconsistencies across records and addressing workload/staffing issues.47 
This research may also contribute to discussion of best approaches to develop semantically 
rich subject metadata in library catalog and discovery services. A similar discussion of how 
to incorporate both the high-level reasoning of human indexers with powerful algorithms to 
quantitively process information automatically in library catalogs is underway.48 The ability 
to develop welcoming user interfaces situated within hierarchical information organizations 
to support complex searches may rely heavily on rich subject metadata.

This project explores elements of machine learning (ML), particularly in regard to auto-
mated and human text analysis workflows to improve information retrieval through relevant 
subject descriptors. Publishers are actively developing a variety of ML tools, some that may 
prove useful to libraries in time, such as search platforms powered by natural language 
processing and recommendations pointing users to related information items. Librarians, as 
experienced information professionals, can contribute invaluable experience to these devel-
opments. Challenges to these developments in library settings include the traditional silos of 
computer science expertise, publishing, and library research; adequate financial resources; 
and a library culture of strict user data privacy.

Results of our research support the recommended best practice to incorporate computer-
aided indexing tools with human subject matter experts for selection of subject terms to most 
effectively enhance metadata of digital specialized collections. Conclusions of this research 
contribute to ongoing conversations on how to efficiently and effectively enhance metadata 
of digital collections for greater discovery. Adding subject metadata to improve digital item 
discovery is an ongoing need, particularly important as GLAM institutions shift their focus 
away from mass digitization to feature distinctive collection materials. 
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