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Abstract: This research explores temporal concept drift and temporal alignment in knowledge organization sys-
tems (KOS). A comparative analysis is pursued using the 1910 Library of Congress Subject Headings, 2020 FAST
Topical, and automatic indexing. The use case involves a sample of 90 nineteenth-century Encyclopedia Britannica

entries. The entries were indexed using two approaches: 1) full-text indexing; 2) Named Entity Recognition was performed upon the entries

with Stanza, Stanford’s NLP toolkit, and entities were automatically indexed with the Helping Interdisciplinary Vocabulary application
(HIVE), using both 1910 LCSH and FAST Topical. The analysis focused on three goals: 1) identifying results that were exclusive to the 1910
LCSH output; 2) identifying terms in the exclusive set that have been deprecated from the contemporary LCSH, demonstrating temporal

concept drift; and 3) exploring the historical significance of these deprecated terms. Results confirm that historical vocabularies can be used to

generate anachronistic subject headings representing conceptual drift across time in KOS and historical resources. A methodological contribu-

tion is made demonstrating how to study changes in KOS over time and improve the contextualization historical humanities resources.
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1.0 Introduction

Historical humanities resources are increasingly available in
digital form for scholarly study, with topical access provided
through controlled vocabularies, such as the Library of
Congress Subject Headings (LCSH). One key challenge in
this area is that the language of a contemporary controlled
vocabulary applied can differ drastically from the language
used in the historical documents. As a result, key topics in
the historical text may not be represented in the final
metadata record. This happens because the historical terms
are no longer part of our contemporary vernacular lan-
guage, and therefore not part of current knowledge organi-
zation systems (KOSs). The anachronistic relationship be-
tween a historical document and controlled vocabularies
used is even more problematic when applying an automatic
indexing approach for metadata creation. (Grabus et al.
2019; Logan et al. 2019). Research in this area is needed for
two key reasons: first, to aid historians in finding materials
in digital libraries and archives, and secondly, to allow infor-
mation professionals to better assist users by comprehen-
sively contextualizing the space and time in which historical
resources were created through subject metadata. Research
on how historical vocabulary versions can be used to extract
temporally aligned terms has not been extensively pursued.
The work presented in this paper addresses this need and
contributes to the developing body of scholarly research
about topical representation for historical humanities re-
sources.

This paper reports on research comparing the automatic
indexing output for a single digitized historical resource, us-
ing temporally aligned and contemporary versions of a vo-
cabulary to identify temporal concept drift. Background re-
search was conducted as part of the “Developing the Data
Set of Nineteenth-Century Knowledge” project,’ a Na-
tional Endowment of the Humanities collaborative project
between Temple University’s Loretta C. Duckworth Schol-
ars Studio and Drexel University’s Metadata Research Cen-
ter. The next section will discuss how the application of his-
torical vocabularies can be used to enrich and contextualize
humanities resources through temporally aligned subject
representation, as well as the exploring the zeitgeist and in-
frastructural inversion, ideas that examine the ways in which
time period changes concepts. Another key research area re-
viewed includes automatic indexing with controlled vocab-
ularies for humanities resources. The background section is
followed by research objectives and methodology support-
ing the analysis. Next, the results are presented, followed by
a contextual discussion, methodological contribution, and
a conclusion that discusses key findings and future research.

2.0 Background
2.1 Temporal concept drift and alignment

Concepts and vernacular language in humanities resources
change over time. Parallel to this phenomenon concepts in
KOSs, such as controlled vocabularies, also change over
time (e.g., across different editions of the Library of Con-
gress Subject Headings). Several knowledge organization re-
searchers have examined changes in KOSs over time. Tennis
(2002) describes the study of an indexing language concept
across vocabulary versions during its lifespan as subject on-
togeny. Tennis (2012) and Lee (2016) have both examined
temporal changes and subsequent application of the con-
cept “eugenics” across the Dewey Decimal System (DDC),
the New Classification Scheme for Chinese Libraries, and the
Nippon Decimal Classification. Fox (2016) analyzed the
subject ontogeny of intersex people, as the concept has been
classified and represented across 23 editions of the DDC,
reflecting the uncertainty and changing understanding of
the concept apparent in the literature of the times.

Other researchers have explored the use of historical con-
trolled vocabularies for representing terminology differ-
ences in historical resources. The PeriodO project examined
pre-twentieth-century controlled vocabulary concepts that
described time periods relevant to cultural heritage artifacts
(Rabinowitz 2014). This project underscored the disagree-
ments across vocabularies that were developed in particular
times and places. For example, “Iron Age” can refer to dif-
ferent dates and locations depending on where and when
that term was created in any given controlled vocabulary
(para. 4). Dobreski et al. (2019) have also explored use of
multiple period-specific terms to represent topics for a col-
lection of nineteenth-century sideshow performer photo-
graphs. These researchers call for the use of multiple histor-
ical and contemporary vocabularies to contextualize con-
cepts as they were represented at the time, as well as how
they are represented in the twenty-first century. For exam-
ple, their research demonstrates the representation of the
concepts “Chinese midget” and “bearded lady” in the
metadata records and makes the case for also providing con-
temporary terms in those records to contextualize the
changes in our knowledge organization systems (18).

The increased availability of controlled vocabularies in
machine-processable format, such as linked data, increases
opportunities to leverage these tools for automatic index-
ing. The challenge is that the vocabularies accessible in
linked data are almost exclusively contemporary. Therefore,
highly relevant candidate terms may not be able to match to
controlled vocabulary concepts for historical documents. In
other words, if a nineteenth-century digital resource con-
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tains a term that no longer reflects contemporary literary
warrant in the twenty-first century, that candidate term will
have no chance of appearing in automatic subject indexing
results, because it has been removed from the pool of au-
thorized KOS terms.

Toepfer and Siefert (2018) suggest that the effect of this
externally caused temporal drift (referred to from here for-
ward as temporal concept drift) could be addressed through
the use of temporally aligned controlled vocabulary version
releases. In other words, if a temporally aligned vocabulary
that does contain the obsolete candidate term is applied to
index the nineteenth-century resource, the term now has a
greater than zero percent chance of appearing in the auto-
matic subject indexing results. Toepfer and Seifert explored
temporal concept drift over decades, with a dataset com-
prised of document titles and author provided keywords.
Their methodology provides a foundation for further re-
search examining terminological drift across longer time pe-
riods and with more robust full-text datasets. Foundational
work here illustrates the notion of KOSs capturing the zeit-
geist, and supports the solution of infrastructure inversion,
as discussed below.

2.2 KOS zeitgeist and infrastructural inversion

In 1968, Patrick Wilson described bibliographic control as a
form of power (6). Similarly, Bowker and Star (1999) de-
scribe classification systems as a reflection of the dominant
worldview within a particular space and time, or zeitgeist.
As KOSs capture the zeitgeist, KO researchers such as San-
ford Berman (1971, 19) have examined the ways in which
“inherited assumptions and underlying values” have mani-
fested in our knowledge organization systems. Olson (2002,
15) describes the classifying or naming of information ob-
jects as a structuring of reality that is inherently biased and
disenfranchising, based upon the inequities inherent
through literary warrant.

Adler et al. (2017) propose studying specific concepts in
our knowledge organization systems as a means to turn so-
ciety’s gaze back upon itself, in recognition that it is impos-
sible to completely erase bias from our KOSs. An example is
found in Bowker and Star’s (1999) approach of infrastruc-
tural inversion, which is a means of examining systemic eras-
ure of social and political worldviews within classification
systems. They describe infrastructural inversion as “a strug-
gle against the tendency of infrastructure to disappear”
(34). They argue that infrastructural inversions can identify
the constraints of historically contingent infrastructure, as
well as its ramifications (34).

Infrastructural inversion has primarily been pursued
through subject ontogeny case studies for individual con-
cepts. There is a need for large-scale examination of infra-
structural inversion to more fully highlight systemic erasure

of social and political views. Contemporary KOSs that go as
far back as the 19th century, such as the Library of Congress
Subject Headings, present an opportunity for large-scale ex-
amination, which is the overriding goal of this paper. This re-
search goal, and the overarching need to scale up the use of
controlled vocabularies for indexing large digital humanities
collections, necessitates the use of automated approaches.

2.3 Automatic indexing for the humanities

Automatic indexing broadly describes the process of apply-
ing computational approaches for representing resources,
often with controlled terms. Automatic indexing has not
progressed as quickly in the humanities and social sciences
domains as compared to scientific domains, largely due to
the challenge of less funding. Additional challenges include
the linguistic indeterminacy that is inherent in humanities
resources, low levels of specificity and precision, and the im-
portance of rich historical context for representing these re-
sources (Agosti et al. 2014; El-Haj et al. 2013; Svenonius
2000). Humanities and social sciences resources also span
across multiple domains of knowledge. Some multidiscipli-
nary corpora, such as historical encyclopedia entries, require
the use of a controlled vocabulary that extensively covers
every domain of knowledge. As a result, digital libraries may
forgo the use of controlled vocabularies altogether. Golub
etal. (2020) evaluated the application of indexing terms for
humanities resources across Scopus and a local public uni-
versity repository in Sweden. Their bibliographic analysis
discovered that only 13.1% of the humanities articles were
indexed using a controlled vocabulary, none of which were
humanities-specific or even multidisciplinary, and a need
for highly granular indexing terms for humanities resources
was identified (1206). The research reviewed above points
to the need for further research on automatic indexing in
the humanities, and informs the goals and questions for the
research presented in this paper.

3.0 Goals and research questions

This research presents a methodology for examining how
the temporal alignment of controlled vocabularies can be
used to highlight temporal concept drift in our KOSs. To
study this, two controlled vocabularies were selected: the
1910 version of LCSH and contemporary FAST Topical
headings. The comparison focused on indexing output for
each vocabulary for the selected nineteenth-century corpus.
Specific research questions that were pursued are:

1. In examining the top terms retrieved with 1910 LCSH
and the top terms retrieved with FAST Topical from an
automatic indexing sequence, which results are exclusive
to the 1910 LCSH output?
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2. Taking the exclusive set from the 1910 LCSH results
from question one, which terms are deprecated from the
authorized terms in the contemporary LCSH vocabulary
version (2020 FAST Topical)?

3. Given a selected subset of these deprecated terms, what
is the contemporary counterpart term that can be identi-
fied in the current FAST Topical vocabulary?

A research sample of nineteenth-century Encyclopedia Bri-
tannica entries, made available through the Nineteenth-
Century Knowledge Project,” provides a use case for an-
swering these research questions. The research questions
were investigated through comparison and basic descriptive
statistics. Tools used to answer these research questions con-
sist of HIVE (Helping Interdisciplinary Vocabulary Engi-
neering),’ 1910 Library of Congress Subject Headings, and
2020 FAST Topical, which will be discussed in more detail
in the next section. The next section of this paper will report
on the methods and steps employed to answer the research
questions.

4.0 Methods and procedures

This research was approached through a comparison of sub-
ject headings automatically generated with two versions of
a controlled vocabulary: a temporally aligned nineteenth-
century version (1910 LCSH), and a contemporary 2020
version (2020 FAST Topical). The protocol for performing
this study involved the following steps:

1. Compile a sample for testing:

1.1. A stratified random sample of 90 encyclopedia en-
tries was selected from a convenience sample of
19,912 Encyclopedia Britannica entries across four
historical editions of the Encyclopedia Britannica
the 3rd, 7th, 9th, and 11th editions (spanning the
years from 1788-1911). These four editions com-
bined consist of over 100,000 entries.

1.2. Entrylength: In order to account for the wide range
of encyclopedia entry lengths in the convenience
sample, three sets of samples were used to represent
short, medium, and long entries. This decision was
made based upon previous findings (Grabus 2020)
that encyclopedia entry length affects the quantity
of automatic indexing results, reflecting the availa-
bility of candidate terms in the entry. The following
parameters were used:

—  Short: 100-2,000 words
—  Medium: 2,001-99,000 words
- Long: Greater than or equal to 100,000
words
The short and medium entry samples were com-
prised of forty entries each, while the long entry sam-

ple contained ten entries, since only ten entries in the
convenience sample fit the entry length criteria.
2. Perform automatic subject indexing sequence:
2.1. Full text and NER (named entity recognition) en-
tity documents:

2.1.1. Each of the ninety entries in the sample were
represented through two separate docu-
ments, for a total of 180 documents: full text
entries and extracted entity types. These ex-
tracted entities were used as a complementary
experimental approach to automatically in-
dex this corpus, as part of ongoing research.

2.1.2. Named entities were extracted using Stanza,*
Stanford NLP’s current natural language
processing toolkit for Python, which in-
cludes Stanford NER. Stanza was used to
generate and extract the following entity
types: Nationality, religions, political organ-
izations; people; dates; languages; artworks;
events; laws; products; organizations; and fa-
cilities.

2.2. 2020 FAST Topical and 1910 LCSH controlled vo-
cabulary versions.

2.2.1. The topical facet of the FAST (2020 FAST
Topical) vocabulary was selected as the con-
temporary version of LCSH for this study.
FAST (Faceted Application of Subject Ter-
minology) is a simplified and faceted version
of the Library of Congress Subject Head-
ings, developed by OCLC.’ The multi-disci-
plinarity and exhaustivity of LCSH have
contributed to its continued use across digi-
tal library collections (Walsh 2011), and
FAST helps to facilitate automated ap-
proaches because of the simpler structure
and syntax, particularly through the reduc-
tion of precoordinated subject strings in fa-
vor of single-concept terms (O’Neill and
Chan 2016). FAST was selected for this re-
search to address common challenges of ap-
plying controlled vocabularies through auto-
matic indexing, which include redundancy
of terms, low levels of specificity, free-float-
ing subdivisions, and the nested pre-coordi-
nation of terms (Golub et al. 2020; O’Neill
and Chan 2016; Khoo et al. 2015; El-Haj et
al. 2013).

2.2.2. The first printed edition of LCSH (LCSH
1910) was selected as the historical vocabulary
counterpart for this study. Development of
this first edition began in 1909 as “Subject
Headings Used in the Dictionary Catalogues
of the Library of Congress” (Stone 2000). It
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was published in parts, between the years
1910 and 1914°. While heavily influenced by
the subject access guidelines established by
Charles Cutter, Library of Congress cata-
loguer J.C.M Hanson adopted an approach
that was more practical than philosophical,
which led to early inconsistencies in LCSH
cross-references and subheadings (Foskett
1996). To date, the historical LCSH version
has not been developed for automatic ap-
proaches. The Metadata Research Center has
led an effort to prepare the vocabulary by con-
verting it into a machine-readable format for
automated use.

2.3. Fixed recall: A fixed maximum recall for indexing
results was set to ten per each vocabulary: ten max-
imum terms returned with 1910 LCSH, and ten
terms returned with 2020 FAST Topical.

2.4. Automatic indexing tool: The automatic subject
indexing for this study was performed with HIVE
(Helping Interdisciplinary Vocabulary Engineer-
ing), a vocabulary server and automatic indexing
application (Greenberg et al. 2011). HIVE allows
the user to upload a digital text or website URL, se-
lect one or more controlled vocabularies, and per-
form an automatic subject indexing sequence to ex-
tract natural language keywords and match them to
controlled vocabulary terms through stemming
and wildcards. The HIVE tool integrates the
R AKE (Rapid Automatic Keyword Extraction) al-
gorithm (Rose et al. 2010).

3. Data collection: An outer merge was performed on in-
dexing results to isolate which results only appear in the
1910 LCSH results. These 1910 LCSH results were then
manually searched in the full subject heading list for
2020 FAST Topical to determine which terms no longer
exist as an exact match in the contemporary vocabulary
counterpart.

4. Analysis:

4.1. Basic descriptive statistics were generated to deter-
mine the percentage of terms that only appear in
the 1910 LCSH indexing results, and what percent-
age of the 1910 results no longer appear in the 2020

FAST Topical vocabulary version, demonstrating
temporal drift.

4.2. Results were compared across indexing approaches
and encyclopedia entry length.

4.3. Authorized and variant terms were also identified
among the results.

4.4. For a selected subset of the concepts representing
temporal drift, the FAST 2020 counterpart con-
cepts that have likely replaced them were manually
identified through mapping the 1910 LCSH con-
cepts to variant terms in 2020 FAST. The terms se-
lected for this portion of the analysis were chosen
to reflect common themes that have emerged from
preliminary observation of the results.

5.0 Results

The results report three aspects of using the 1910 LCSH to
generate subject headings for the historical encyclopedia en-
tries: 1) the portion of results that are exclusive to the 1910
LCSH output; 2) from the exclusive set of 1910 LCSH re-
sults from question one, the portion of terms that are dep-
recated from authorized use in the contemporary vocabu-
lary version, demonstrating temporal concept drift; and 3)
given a selected subset of these deprecated terms, what s the
contemporary counterpart term that can be identified in
the current FAST Topical vocabulary.

Table 1 provides a high-level view of results for these first
two research questions. Across the 1,478 total automatic
subject indexing results for 180 total sample files, 31 percent
of the 1910 LCSH results do not appear in the 2020 FAST
Topical results, and 7.24 percent of the 1910 LCSH results
represent terms that no longer exist in the contemporary vo-
cabulary version as an exact match, demonstrating temporal
concept drift.

These results were also compared by indexing approach,
encyclopedia entry length, and the comparison of author-
ized and variant terms in the results. Table 2 compares re-
sults by the two indexing approaches: indexing with the full
text of the encyclopedia entries, and indexing concepts that
were extracted using the NER-to-ontology mapping ap-
proach. When examining the portion of results representing
temporal drift across each approach, the full text approach

Total Documents 180

Total 1910 LCSH Indexing Terms 1478

Terms Exclusive to 1910 LCSH Output 458/1478 (31%)
Terms Demonstrating Temporal Drift 107/1478 (7.24%)

Table 1. Percentage of terms exclusive to the 1910 LCSH results, and percentage of 1910
LCSH terms that are deprecated from the authorized terms in the contemporary FAST

Tobical. demonstratine temnoral drift.
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Indexing Approach Full Text NER Both
Number of Documents 920 180

Total 1910 LCSH Indexing Terms 592 1478
Terms Exclusive to 1910 LCSH Output | 277/886(31.26%) | 181/592(30.57%) | 458/1478 (31%)
Terms Demonstrating Temporal Drift 55/886 (6.20%) 52/592(8.78%) | 107/1478 (7.24%)

Table 2. Percentage of exclusive 1910 LCSH results and temporal concept drift as it differs across the two

indexing approaches applied for this research: full text and NER-to-ontology mapping.

Entry Length Short Medium Long All

Total 1910 LCSH Indexing Terms 542 736 200 1478
Terms Exclusive to 1910 LCSH Output 171 223 64 458
Terms Demonstrating Temporal Drift | 34/542(6.27%) | 57/736(7.74%) | 16/200(8%) | 107/1478 (7.24%)

Table 3. Percentage of exclusive 1910 LCSH results and temporal concept drift as it differs across the three samples repre-

senting entries of different lengths.

Authorized Term Results

74/107 (69.16%)

Variant Term Results

33/107 (30.84%)

Table 4. Distribution of authorized and variant head-

ings across the 1910 LCSH terms representing temporal

concept drift.

demonstrated 6.2 percent, and the NER-to-ontology ap-
proach demonstrated 8.78 percent.

Table 3 displays the results by sample, each of which in-
cluded entries of different lengths. The proportion of terms
representing temporal drift for each sample were as follows:
short entries, 6.27 percent; medium-length entries, 7.74
percent; and the longest entries, 8 percent, demonstrating a
slight increase as entry length increases.

In order to understand the nuances and complexities of
the 1910 LCSH dataset, Table 4 separates the portion of
terms representing temporal drift by authorized term and
variant terms. Of the 107 total results representing temporal
drift, 69.16 percent were headings listed as authorized terms
in the 1910 LCSH, while 30.84 were variant terms that
cross-referenced to an authorized term. These variant terms
were included in the results if the variant term or its author-
ized form no longer exist as an exact match in the 2020
FAST/LCSH. The full table of results is displayed below in
Table S.

Seven preliminary results were identified as not existing
in 2020 FAST Topical, but existing in 2020 LCSH, as a re-
sult of using just the faceted topical subset of LCSH. These
seven results were also removed from the final results, as
they do not represent temporal drift as it has been defined
for this study. Additionally, a total of five terms that were
erroneously included in the initial pool of results were iden-

tified as inaccuracies related to optical character recognition
(OCR) and regular expression inconsistencies inherent
throughout the 1910 LCSH cross-references and subhead-
ings (Foskett 1996); they were subsequently removed from
the final results.

Table 6 addresses research question three by isolating a
subset of terms that demonstrate temporal drift, and iden-
tifying the contemporary counterpart concept that has
likely replaced it as the authorized heading. The terms se-
lected for this table were manually chosen from the 107
terms demonstrating temporal concept drift. Terms in the
left column represent 1910 LCSH subject headings that no
longer exist as an authorized term exact match in the con-
temporary vocabulary version, having fallen out of use since
1910 LCSH. Terms in the right column are the current
2020 FAST Topical subject headings that have replaced the
nineteenth century terms as the authorized heading, as indi-
cated through the listed variant terms. The terms selected
for this table were manually chosen to reflect common
themes that have emerged from preliminary observation,
which include religion, nationality/ethnicity, science, and
gender.

Overall, the results in Tables 1-4 show that a significant
number of LCSH terms were only retrieved during the au-
tomatic indexing process when using the 1910 LCSH vo-
cabulary. Some of these terms exclusive to the 1910 LCSH
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75

Total A
Sample 1 2 3 1 2 3 otal Across
Samples
E 1 iaE
ncyclopedia Entry Short Medium Long Short Medium Long N/A
length
Indexi
ndexing Full Text Full Texe | Full Text NER NER NER N/A
Approach
Number of 40 40 10 40 40 10 180
Documents
Total 1910 LCSH In-
i 400 386 100 142 350 100 1478
dexing Terms
Terms Exclusive to 137/400 113/386 27/100 34/142 110/350 37/100 458/1478
1910 LCSH Results (34.25%) (29.27%) (27%) (23.94%) (31.43%) (37%) (30.98%)
Authorized Terms
Demonstrating 16 16 3 5 26 74
Temporal Drift
Variant Terms Demon-
strating 7 9 4 6 6 33
Temporal Drift
Total Terms
Demonstrating 23/400 25/386 7/100 11/142 32/350 9/100 107/1478
759 489 9 759 .149 .24Y
Temporal Drift (5.75%) (6.48%) (7%) (7.75%) (9-14%) (7.24%)

Table 5. Full table of results, compared by encyclopedia entry length, indexing approach (full text vs. NER).

1910 LCSH Subject Heading | 2020 FAST Topical Subject Heading
Mohammedans Muslims

Saracens Islamic Empire

Moors (The race) Muslims

Gipsies Romanies

Uzbegs Uzbeks*

Scotch Scots

Omayyads Umayyad dynasty
Malay Race Malays (Asian people)
Gallas Oromo (African people)
Polyzoa Bryozoa

Man Human beings

Table 6. An excerpt of 1910 LCSH concepts representing temporal drift, alongside
the verified or probable replacement terms in 2020 FAST Topical/LCSH. *1910
LCSH term is not listed among variant terms for the likely 2020 FAST counterpart.

indexing output have since been replaced by the Library of
Congress with a different term. Table 5 provides examples
of these replacements to illustrate this temporal concept
drift. These results help point to important issues regarding
topical representation for historical resources, which are dis-
cussed below.

6.0 Discussion

The research above presents a comparison of subject head-
ings generated for the nineteenth century encyclopedia en-
try sample using historical and contemporary versions of
the Library of Congress Subject Headings (1910 LCSH and
2020 FAST Topical). While researchers have discussed the
potential for using temporally aligned vocabularies to con-
textualize historical resources, there is limited work on ap-
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plying these historical terminologies to a corpus automati-
cally and comparing the results to highlight temporal con-
cept drift and contextualize the historical resources.

The research demonstrated that for a sample of 90 ency-
clopedia entries from the research sample, 31 percent of the
total 1910 LCSH indexing output terms were exclusive to
the 1910 LCSH output. Further analysis found that 7.24
percent of all 1910 LCSH indexing results comprised terms
that are no longer found in the current vocabulary counter-
part, demonstrating temporal concept drift. The propor-
tion of temporal concept drift was slightly higher in results
generated using the indexing approach that employed
NER-to-ontology mapping. The proportion also slightly
increased using samples with longer encyclopedia entries,
which is likely an effect of increased overall indexing results
for the sample entries longer than 2,000 words.

When comparing the full text and intermediary NER in-
dexing approaches, the output demonstrated that each ap-
proach provides almost entirely different sets of output
terms. While the comparison between NER and full text in-
dexing approaches is not the central focus of this research,
this finding will be explored further in ongoing dissertation
research.

The results also highlighted examples of the ways that
concept drift manifests in the indexing results for the ency-
clopedia entries, and the subject headings that have replaced
them over the course of a century. These 1910 LCSH terms
represent headings that only exist in the 1910 LCSH vocab-
ulary version, and have since fallen out of use or no longer
appear as an exact match in the 2020 FAST Topical vocab-
ulary version. The types of changes range from slight gram-
matical shifts to entirely new terms. For example, the 1910
LCSH terms “man” and “woman” have changed over time,
with the authorized headings of “human beings” and
“women” now used in 2020 FAST Topical instead (note:
“man” is not officially listed as a variant term under 2020
FAST Topical authority file for “men”). Demonstrating a
more significant shift, the 1910 LCSH term “Gipsies” has
been removed entirely, as it is considered a racial slur against
the Roma people. Similarly, the subject heading “Moors
(the race),” which is largely viewed as an archaic and pejora-
tive term in 2022, has been replaced with the authorized
subject heading “Muslims.” These examples reflect the ways
in which many identity-based concepts of nationality/eth-
nicity and religion have changed over the last century, shin-
ing a spotlight upon the zeitgeist as it manifests through
both the Library of Congress Subject Heading/FAST ver-
sions and the indexed historical encyclopedia entries.

The reported results are specific to this particular corpus
of nineteenth-century encyclopedia entries, but it is very
likely that this approach could be applied to other historical
documents, across many domains of knowledge. For exam-
ple, possible future applications could include existing nine-

teenth century digital library collections that would benefit
from the addition of topical metadata, such as the Mark
Twain Project letters.” This study exclusively examined the
top ten indexing results, but future research can expand to
evaluate the top twenty results, with the addition of rele-
vance evaluation to ensure validity, and substantive qualita-
tive analysis to highlight trends across the results. Next steps
also include refining the conversion of the 1910 LCSH to
reduce the presence of errors related to processing the vo-
cabulary for computational access.

7.0 Methodological contribution

In moving forward, there is limited research that outlines how
to study temporal concept drift in KOSs at a larger scale. This
paper presents a methodology that is guiding a larger study
and provides a way that other researchers may compare termi-
nologies or other historical vocabulary versions. Specifically,
this methodology can be used to study on a larger scale how
KOSs reflect social and political views at a particular point in
time, and how the examination of changes and conceptual
erasures in KOSs can be used to shed light upon inherent
power structures and biases within society.

With any methodology there are limitations, particularly
due to the diversity of digital humanities collections, sub-
ject-appropriate terminologies, and tools for pursuing this
approach. There is no one-size-fits-all solution for auto-
matic or semi-automatic indexing, particularly within the
humanities and social sciences. The methodology used in
this research can be used to identify project-specific obsta-
cles that need to be addressed, or adaptations that can be
made to examine temporal concept drift for domain-spe-
cific vocabularies and historical collections.

8.0 Conclusion and next steps

The objective of this research was to examine the use of tem-
porally aligned and contemporary vocabulary versions to
analyze temporal concept drift in both knowledge organiza-
tion systems and digital humanities resources. Specifically,
this study determined the prevalence of temporal concept
drift apparent when using an historical vocabulary to ex-
tract subject headings representing controversial, obsolete,
or otherwise changed terms in our KOSs, as it manifests
through automatic application to the nineteenth-century
Encyclopedia Britannica research corpus.

The significance of this research is that it demonstrates
that historical controlled vocabulary releases can be used to
generate anachronistic subject headings that represent tem-
poral concept drift in both KOSs and historical resources.
This approach can be applied as a complementary topical
indexing approach to contextualize historical resources us-
ing the language of the time. This approach has the poten-
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tial to turn society’s gaze back upon itself, through the way
that topical metadata is generated for historical digital li-
brary resources. This approach could also be harnessed to
map these anachronistic subject headings to their contem-
porary counterpart subject headings, through variant term
matching. This would allow information professionals to
have the best of both worlds, through the extraction of tem-
porally aligned historical concepts and the final representa-
tion with its counterpart authorized contemporary terms.

The research presented here opens up a pathway for fur-
ther historical research across multiple domains, ranging
from the humanities to science. It also informs research in
the digital humanities and information sciences, as they in-
tersect with knowledge organization. As already stated, fu-
ture research is underway, which includes validity checking
through relevance evaluation, and the qualitative coding of
concepts representing temporal drift, to identify whether
particular conceptual themes arise as predominant. This re-
search helps to address the overarching goal of understand-
ing the challenge of KOS temporal concept drift and possi-
bilities for KOS temporal alignment.

Notes

1. https://securegrants.neh.gov/publicquery/main.aspx?f=
1&gn=HAA-261228-18

. https://tu-plogan.github.io/

. https://hive2.cci.drexel.edu/

. https://stanfordnlp.github.io/stanza/

[ARN" NS I S}

. https://www.oclc.org/research/areas/data-science/fast.
html

6. https://www.loc.gov/catdir/cpso/illegal-aliens-decision.

pdf

7. https://www.marktwainproject.org/
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