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Abstract

Purpose –This paper presents a co-authorship study of authorswho published in Digital Humanities journals
and examines the apparent influence of gender, or more specifically, the quantitatively detectable influence of
gender in the networks they form.
Design/methodology/approach – This study applied co-authorship network analysis. Data has been
collected from three canonical Digital Humanities journals over 52 years (1966–2017) and analysed.
Findings – The results are presented as visualised networks and suggest that female scholars in Digital
Humanities play more central roles and act as the main bridges of collaborative networks even though overall
female authors are fewer in number than male authors in the network.
Originality/value – This is the first co-authorship network study in Digital Humanities to examine the role
that gender appears to play in these co-authorship networks using statistical analysis and visualisation.

Keywords Digital Humanities, Co-authorship, Gender studies, Network analysis

Paper type Research paper

1. Introduction
Researchers are known to benefit from diverse interpersonal and institutional connections
and networks, which have distinctive advantages for creating and sharing knowledge. For
example, it is known that co-authored publications often prove to be more highly cited than
single-author publications, and it is similarly known that there is a significant positive
correlation between the number of authors and the number of citations (Gazni and Didegah,
2011). Collaborations with more senior or highly cited colleagues are also known to have a
positive influence on the recruitment and progression of individual researchers and on
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institutional rankings (Gorska et al., 2020, p. 273). Less well understood is the role that gender
might play in the formation andmaintenance of such networks.What, then, can be concluded
about the role of gender in such networks from a quantitative analysis of co-authorship
networks? And what kinds of data sets and data-curation methods may advance this
research?

This paper explores these questions through the microcosm of Digital Humanities (DH),
an emerging field that is closely intertwined with Information Science (Bawden and
Robinson, 2012, p. 7; Joo et al., 2021; Su and Zhang, 2021). Digital Humanities offers an
important case study on which to conduct this research because of its “small-world”
composition (Wang and Inaba, 2009; Grandjean, 2016; Tang et al., 2017), its demographic
formation (as a predominately white male-oriented community, Weingart and Eichmann-
Kalwara, 2017; Gao et al., 2018), and its geographical distribution of languages (forming an
Anglophone-oriented network as shown in studies by De la Cruz et al., 2015; Weingart and
Eichmann-Kalwara, 2017; Gao et al., 2018). Thus, the findings presented in this paper about
the nature of Digital Humanities can fruitfully be brought into conversationwith quantitative
studies of fields with both similar and distinct compositions, opening the possibility that, in
due course, information science researchers will be able to answer the broad questions set out
above from the perspectives of a number of disciplines and from a global perspective.

Co-authorship links are formed when two or more scholars author a publication together.
These links can be modelled as a co-authorship network. The first statistical investigation of
co-authorship in DH was undertaken by (Nyhan and Duke-Williams, 2014a) based on a
smaller subset of the publication metadata analysed in this study [1]. To the best of our
knowledge, this paper presents the first co-authorship network study to combine
co-authorship patterns with gender in the study of DH communities. Co-authorship
networks have been used to investigate the structure of scientific collaborations in many
fields (Newman, 2001, 2004; Smeaton et al., 2002) but, until this paper, not of the DH. This may
be because few DH journals are indexed in the repositories (e.g. Web of Science and Scopus)
that commonly provide publication data export for research analysis. The building of
bibliometric datasets from scratch is time- and labour-intensive because of the collecting,
cleaning, and coding that it entails. Yet, the practical difficulties of deriving ormaking datasets
aside, DH communities certainlymanifestmany of the characteristics studied in co-authorship
network analyses. Not only are DH communities interdisciplinary, the field itself is
increasingly fast-growing and outputs many co-authored publications (Savi�c et al., 2019).

Although age and academic position usually have a more significant impact on academic
production and communication, other variables, like gender, also play an important role
(Noordenbos, 1992; Aksnes et al., 2011). By enriching the Digital Humanities’ co-authorship
network with gender information, this study takes a first step towards quantifying gender
and its longitudinal trend from 1966 to 2017 in ADHO (the Alliance of Digital Humanities
Organizations) and ACH (the Association for Computers and the Humanities) official DH
journals. It accordingly asks of those journals: what is the gender distribution of authors of
published papers?What patterns can be detected between academic productivity and gender
(when productivity is conceptualized as the number of papers published)? How do gender
differences affect DH interpersonal connections? How might this open new perspectives on
definitions of productivity that currently define this merely as number of publications
output?

This paper furthermore compiles and releases a dataset of ADHO and ACH DH journal
publication metadata, together with detailed methodological reflections on the nature of its
compilation to guide its use in further studies. From this dataset, this paper statistically
analyses and visualizes gender-disaggregated DH co-authorship, co-author clusters, and
publication-linked gender differences. In the narrative analysis of the network that follows,
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this paper reflects on the new knowledge we can derive about how and why authors in DH
choose to co-publish.

The classification of individuals into a mutually exclusive gender-binary has been
common inmany cultures.While the assignment of gender according to a mutually exclusive
male/female gender-binary is increasingly problematized, most empirical studies of gender in
DH, including this study, continue to operationalize this framework. Using a binary gender
system in quantitative studies can introduce errors when findings cannot represent identities
other than the traditional male/female. Lindqvist et al., reviewed previous quantitative
studies and found that “when gender distributions among participants are described in the
methods section, few researchers report how this information was collected” (Lindqvist et al.,
2020). Moreover, ethical problems are raised when people cannot self-identify their gender
identity in published research. With better resources, and under different circumstances, this
study would ideally have sought to operationalize non-binary gender frameworks. However,
given the difficulties we encountered when seeking to identify and collect quantitative data
on gender-diverse DH scholars, this has not been possible. Therefore, the current study uses
the binary model, extended with “other/unknown” where appropriate, while acknowledging
this limitation and the presence and parity of scholars in DH who are gender diverse.

We proceed by setting out this paper’s wider Research Context; there follows a
Methodology section illustrating this study’s bibliometric data collection, author gender
identification; data cleaning; network construction and analysis, which can also be adapted
for other quantitative analyses of community influences; a Results and Discussion section
interprets our findings and suggests interpretations of the observed gender differences
explored in this paper; finally, a Conclusion reflecting on the current methodology and
analysis and providing new directions for further research.

2. Research context
Feminist DH is a rich and thriving sub-field of DH. It asks questions of the past, present, and
future of DH that bring (an often intersectional) feminism into conversation with the digital
artefacts that the digital humanities creates, and the people, processes, platforms, ideas,
histories, and more, that give rise to them, e.g. (Wernimont and Losh, 2018). Ongoing
questions include how technology can advance (Wernimont, 2013), or indeed, impede the
attainment of equality and co-liberation (Risam, 2015; Nyhan and Terras, 2017; Wernimont,
2018); how gender, and other modes of difference, can impact technological encounter and
creation (Nowviskie, 2015; Posner, 2015) and how feminism might remake DH
(#transformDH, Bailey et al., 2016), and play a role in making the wider technological
landscape more representative and inclusive than it is now. Connected to this, in a range of
recent publications, Feminist DH is being brought into conversationwithmany cognate areas
of inquiry, including critical heritage studies (Smyth et al., 2020), postcolonial DH (Risam,
2018), and data feminism (D’Ignazio and Klein, 2020), emphasizing that technology and
gender are far from minority concerns. Indeed, they are deeply implicated with questions of
social justice and the desire for technology to be developed and embedded in society and
academia inways that aremore equal and progressive than has heretofore been achieved, e.g.
(Mullaney et al., 2021).

A growing number of statistical studies of DH papers have been undertaken. For example,
data collected from the ADHO annual conferences have been published in a series of blogs
and other publications on conference analysis that covered topics, scholars, geographic
distributions, and peer-review bias of the conference submissions and programs from 2012 to
2016 (Weingart and Eichmann-Kalwara, 2017). Yet, relatively few gender-disaggregated
studies of publication metrics (including conference participation) have been published. In
2014, Weingart analyzed author names, affiliations, and keywords from ADHO conference
programs, and manually assigned gender information for each author as “male, female,
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unknown/other” (Weingart, 2014). He pointed to the unbalanced gender ratio of attendees at
ADHO conferences (around 30% female scholars each year from DH2004 to DH2016).
Weingart combined his gender dataset with topical keywords, and found that certain
subjects are gender weighted at DH conferences:

Women are twice as likely to use the “Gender Studies” tag asmale authors, whereas men are twice as
likely to use the “Asian Studies” tag as female authors. Subjects related to pedagogy, creative/
performing arts, art history, cultural studies, GLAM (galleries, libraries, archives, museums), DH
institutional support, and project design/organization/management are more likely to be presented
by women. Men, on the other hand, are more likely to write about standards and interoperability, the
history of DH, programming, scholarly editing, stylistics, linguistics, network analysis, and natural
language processing/text analysis. It seems DH topics have inherited the usual gender skews
associated with the disciplines in which those topics originate. (Weingart, 2016a)

A regional perspective was given by Tello, who analysed the Spanish-speaking DH
conference HDH2015, Humanidades Digitales Hisp�anicqs (Tello, 2015). Of 229 attendees,
around 55%were female scholars. How indicative this is of other regional conferences cannot
be said currently. It should also be noted that the distribution of topics and authors at
conferences is not necessarily stable, and it is likely that patterns of conference attendance
and demography vary from language to language, country to country, and year to year. To
the best of our knowledge, empirical studies of gender representation in DH journals have not
been previously undertaken.

Looking beyond DH, many studies have found that female scholars tend to have fewer
publications than male scholars (Prpi�c, 2002; Symonds et al., 2006; van Arensbergen et al.,
2012; Mueller et al., 2017). Differences in publication rates between male and female scholars
is significant inmany fields (e.g. natural sciences, technology, medicine). Based on a review of
several studies, Larivi�ere and others analysed the output of 15 universities in Qu�ebec across
all fields and showed that female scholars there tended to publish around 70–80% of the
output of their male colleagues (Larivi�ere et al., 2011). In the natural sciences, gender accounts
for 22% of the differences in the publication rate in favor of men, when all other variables are
constant; it is 15% in engineering and technology and 8% in the field of medicine (Rørstad
and Aksnes, 2015, p. 327).

To explain these results, some have invoked the metaphor of the “leaky pipeline”, where
the numerically-balanced gender representation that characterises lower levels of seniority is
replaced at more senior levels by an imbalance in favor of (white) males (National Science
Foundation, 2018). Although seeming to contradict the above, young female researchers have
been shown to outperform young male researchers in terms of the number of publications
they output (van Arensbergen et al., 2012). It is suggested accordingly that female scholars
seem to publish fewer publications overall because fewer female scholars climb the academic
ladder (Long, 1992; Kyvik and Teigen, 1996; Lawrence, 2006; Abramo et al., 2009). Rørstad
and Aksnes, meanwhile, have argued that women and men choose differently. Arguably
overdetermining the agency of individual female scholars and underdetermining the impact
of structural sexism and gender-stereotyped job allocation, they discussed some previous
scholarship and argued that female scholars allocate more of their time to teaching and
administrative tasks, while their male counterparts focus more on research and projects
(Rørstad and Aksnes, 2015, p. 318).

Gender difference has been shown to have a significant impact in studies of scholarly
communication and networking more broadly (Sugimoto et al., 2015a; Day et al., 2020). There,
gender has a significant effect on network formation (Brass, 1985; Ibarra, 1992), with most
female groups having either a significantly higher centrality (centrality as an indicator that
identifies the most important nodes in a network graph) (Brass, 1985) or significantly lower
centrality (Tharenou, 1999) than male groups. Kretschmer and Aguillo detected low
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participation of female scholars in collaborative activities (2005). More recent studies show
that female scholars are more likely to be in and benefit from central positions in the
co-authorship network. It has been argued that this is because of their stronger and confident
characteristics that helped them to break gender publication barriers (Badar et al., 2013).

3. Methodology
Despite the paucity of gender disaggregated studies of DH author networks, we can draw on
robust studies of other fields to inform the current research assumption and design.

As a method, co-authorship analysis features prominently in studies of academic
disciplines (Cronin, 2005; Fagan et al., 2018; K€oseoglu et al., 2018), and DH (e.g. Nyhan and
Duke-Williams, 2014a; Tang et al., 2017). Co-authorship network studies can provide an
in-depth synthesis of the collaboration network; for example, by uncovering its structure,
patterns of connection, and mechanism of formation (Kumar, 2015, p. 55). Lundberg asserted
that “analysing co-authored publications has become the standard way of measuring
research collaborations” (Lundberg et al., 2006, p. 575). This positions co-authorship as a
proxy for research collaboration, especially in academic publications (Ponomariov and
Boardman, 2016, p. 1,939). This proxy can be detected as, “These collaborations leave digital
footprints in the form of bibliography, which can be effectively tracked and evaluated.”
(Kumar, 2015, p. 57). In DH, few studies have applied social network analysis to visualize the
co-authorship structure, apart from De la Cruz et al., with a limited dataset (i.e. 178 Digital
Humanities Quarterly articles) (De la Cruz et al., 2015). Indeed, co-authorship has been
“operationalized” as a proxy of research collaboration for decades by academic evaluators
and policymakers, not only because the bibliometric data is structured and available but also
because it reflects an aspect of research collaboration (Melin and Persson, 1996), although
some disagree (Kumar, 2018).

An edge of a given co-authorship network is formed by two scholars who co-authored an
article. The scholars are nodes in the networkwhile the co-authorship relation is the edge. The
more scholars that co-author publications, the more nodes and edges, and the larger the
network will be. Such a network provides an output-centric view of an academic community
and reveals itsmany structural characteristics; for example, the level of connectivity and field
development (macro aspect), central or peripheral scholars in that network (micro aspect).
Different approaches are used in the study of co-authorship patterns, such as counting
bilateral and multilateral co-authored papers, unique affiliations and regions (Adams
and Gurney, 2018), and the percentage of multi-authored papers (Hudson, 1996). Most
co-authorship studies in DH, e.g. (Spiro, 2009; Nyhan and Duke-Williams, 2014a), applied this
approach by counting the percentage of multi-authored papers. This study applies
co-authorship network analysis to examine bibliometric data and explores the social
structure of the DH community.

Compared to author co-citation analysis (ACA), co-authorship network focuses more on
investigating personal connections and social interactions, while ACA aims to study the
knowledge structure and intellectual formation of a given field. A co-authorship network
studies the personal relationships formed by both co-authors (i.e. bilateral link) indicating
their two-way interpersonal communication and social connection; a citation, however, is
often a one-way relationship (i.e. unilateral link) from the article to the cited publication from
which they carry the influence (or knowledge flow) from the source publication to the citing
article. In this way, the co-authorship network not only explores relatively newer author data
and the knowledge front, but also focuses on scholarly communication and collaboration.

Although it does not directly link to a scholar’s research productivity, appropriately
counting the citations of co-authors is an important task. One of the main purposes of
constructing a network of co-authorship is to study the scholarly community itself, instead of
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evaluating individuals. From this perspective, relationships and social structures are often
more essential than measuring individual authorship and citations. Consequently, many
co-authorship studies apply full counting to weigh the nodes. Even though the fractional
counting approach is preferred by some bibliometric studies, e.g. (Zhao and Strotmann, 2008,
2011), the full counting approach pulls co-authorship clusters closer together on the network
so the important nodes and bridges are easier to detect (Perianes-Rodriguez et al., 2016, p. 1,186).
Also, the full counting method is easier to explain with integer weights, and it is especially
useful when presenting results like networks as visual graphs.

Co-authorship based indicators are noted in many bibliometric studies to be but one
index of collaboration (Ponds, 2009; Gazni et al., 2012). Uncritical use of the co-authorship
data could lead to misinterpretations of scholarly collaboration activities and thus provide
incorrect data for decision-making (Lundberg et al., 2006). Co-authorship data is also likely
to be subject to more generally observed citation-gaming practices, e.g. (Baccini et al., 2019).
In addition, different disciplines use different author naming conventions. This can impact
on career trajectory, as in the case of “alphabetical discrimination” (Einav and Yariv, 2006).
This paper, however, does not seek to differentiate the distinction among authors that are
listed in different orders on the publications. Nevertheless, such measures should be used
cautiously, as just one source of evidence on exploring the scholarly communication and
collaboration.

3.1 Data collection
This paper selects all the authors that have published articles in three well-known Digital
Humanities journals: Computers and the Humanities (CHum) 1966–2004, Digital Scholarship
in the Humanities (DSH) formerly known as Literary and Linguistic Computing (LLC) 1986–
2017, and Digital Humanities Quarterly (DHQ) 2007–2017. The publication period covers
52 years ranging from 1966 to 2017.

These three journals have been studied as representative data sources in empirical studies
that analyzed bibliometric elements to discover the developments of DH terminologies, DH
Invisible College, and DH collaboration patterns (Wang and Inaba, 2009, para. 3; Bowman
et al., 2013; Nyhan and Duke-Williams, 2014a, p. 387), and, furthermore, we have also selected
these journals because of our familiarity with them. The main data collection took place
during the full month of January 2018. All the peer-reviewed articles published in the three
journals were collected. Following previous practices, e.g. (Larivi�ere et al., 2013; Nyhan and
Duke-Williams, 2014a), content like editorials, reviews, erratum, and notes were excluded
because they are generally not peer-reviewed, or considered original contributions to
knowledge. Every author’s full name, along with other metadata (e.g. article title, publication
year, volume and issue number, cited references) were collected (see Figure 1).

In total, 2,527 articles were collected (1,035 from CHum, 1,195 from LLC/DSH, and 297
from DHQ). The period between 1985 and 2017 had around 80.7% of the collected articles;
two 10-year periods in particular had the most articles: 1986 to 1995 (26.6%) and 2008 to 2017
(29.0%). The year 2017 had the highest number of publications, which was 135 (5.3%).

3.2 Data cleaning and author identification
Once publication data has been collected it must be cleaned before constructing the
co-authorship networks. It is common to have multiple authors with the same last names
(i.e. homonymy), or multiple names belonging to the same author (i.e. synonymy). Authors
sharing a common surname is not something rare in an academic publication dataset,
whether in the English language (Goodman et al., 2015) or other language contexts (Yu et al.,
2011; Freeman and Huang, 2015).
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For author name data cleaning, apart from manually detecting errors and duplications, we
applied the Author Name Disambiguation method (Strotmann et al., 2009; Zhao and
Strotmann, 2011, p. 120) to identify the same author with different name forms. A python
script was applied to help with auto-detection. The basic logic of this method is that we
recognize two names to be the same author if those two names are mutually compatible (e.g.
“Kretzschmar, w.a” and “Kretzschmar jr., W.A”); they have common co-authors (e.g.
“Kretzschmar, w.a” and “Nerbonne J.” had co-authored a paper, while “Kretzschmar jr., W.A”
and “Nerbonne J.” also co-authored a paper); and they have not co-authored any paper in the
dataset (e.g. no paper is co-authored by “Kretzschmar, w.a” and “Kretzschmar jr., W.A”).

Because many authors have a complete surname, and first or/and middle names given in
initial form on publications (especially in older content of the three journals such as LLC
publications before 2000), to avoid further author identification errors, we also manually
checked authors full names to reduce the name disambiguation error.

Assigning gender is part of the further data collection procedure. In the current dataset,
there are 3,382 authors and the analysis would bemore accurate if authors provided their own
gender information. A few researchers do use author-provided data for their linguistic
analysis, e.g. (Goswami et al., 2009, p. 214). However, in the context of this research, it was not
feasible for us to contact authors to ask for their data due to lack of resources. Furthermore,
some authors are deceased or otherwise uncontactable.

To identify gender in such a large cohort of authors, some studies propose automatic
approaches based on an author’s use of language. For example, Rangel et al., analyzed the
stylistic features in authors’ English and Spanish written texts from social media and the
frequency of their use of different grammatical categories (e.g. pronouns and verbs) to obtain
their gender and age (Rangel and Rosso, 2013, p. 177; Rangel et al., 2018). These automatic
gender identification approaches have attracted much academic attention for their potential
in online forensic, security, and marketing studies to help identify fake profiles or senders of
harassing messages (Fatima et al., 2017). Nevertheless, they are not suitable for identifying
authors’ gender in the current dataset for the lack of sufficient text (e.g. only article titles and

Figure 1.
The number of articles

collected/published
each year in journal

CHum, LLC/DSH, and
DHQ (1966–2017)
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abstracts are available). This is also certainly not applicable to articles that have multiple
authors from different gender groups.

Some studies in DH have relied on “gender guessing” to assign gender through a
combination of hand-coding and automated inference (Weingart et al., 2016, pp. 2,000–2,016).
This current study takes such an effort a step further by applying a well-tested name-gender
assignment method (Larivi�ere et al., 2013; Sugimoto et al., 2015b). Three gender categories
were created for assignment: “female”, “male”, and “unknown”. It is noted that some people
are gender diverse, but the sources for that information are very limited, so this study follows
the previous gender category convention (Rørstad and Aksnes, 2015, p. 321). Firstly, a given
name list with gender informationwas developed based on the universal and country-specific
name lists in Larivi�ere and Sugimoto’s studies. The country-specific nameswere applicable to
authors from English, French, Korean, Lithuanian, Persian, Portuguese, Serbian, Ukrainian,
Thai and Japanese -speaking countries, as well as authors in India. Chinese names, in
addition, were mostly assigned gender by searching the internet and checking affiliation and
personal pages as the lead author is a native Mandarin speaker. Besides this, author names
from other regions employed the universal name list for gender assignment. If it was a unisex
name, and there was no additional author information that could be found from the internet,
the author was assigned to the “unknown” category.

3.3 Data analysis
From a descriptive statistics point of view, there are 2,527 articles in total, of which 960 are
multi-authored articles, accounting for 38.0% of the total. Figures 2 and 3 present the
proportion and percentage of co-authored articles over the 52-year period. There is a steady
growth on both graphs, and multi-authored articles have accounted for the majority,
especially after 2006, e.g. LLC/DSH in 2013 (69.5%), 2015 (66.1%), 2017 (70.2%). Although the
level of co-authored articles does not fully represent the pattern of collaboration, it is one of
the important indicators and can help us gain more understanding of DH academic
collaboration.

However, perhaps the increase of co-authorship is not something unique to DH, e.g.
(Nyhan and Duke-Williams, 2014b). One might then ask, what is the co-authorship pattern in

Figure 2.
The number of single-
authored and multiple-
authored articles
collected/published
each year in the
journals CHum, LLC/
DSH, and DHQ
(1966–2017)
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DH, and what determinants can encourage such co-authorship? To explore this, our study
aims to go beyond descriptive statistical analysis and employs network method to visualize
the links within the DH communities.

This study counts the total number of publications to weigh the author node (section 3.3.1)
and the number of co-authored publications for the edge (section 3.3.2). VOSviewer 1.6.7 and
Gephi 0.9.2, have also been used for network construction. VOSviewer is able to handle large-
scale datasets, and employs algorithms to optimize the label display and overlapping issue
(van Eck and Waltman, 2010, p. 530). Gephi, a tool well-validated through many network
studies, was used in this study for centrality measure.

3.3.1 Node. There are in total 4,623 authors who have published in CHum, LLC/DSH, and
DHQ (1966–2017), and 3,382 unique authors have been identified. The mean number of
authors per article is 1.83, and each author, on average, has a published article weighting of
0.75 (2,527 articles in total). The node has been weighted by counting the total number of
articles that each author has published in the dataset (i.e. full publication count). The total
number of publications does not allow an author’s academic productivity to be assessed
(Rørstad and Aksnes, 2015, p. 318), especially from a limited number of journals. It still,
however, reflects the contributions of the author within the data range of this study.

Table 1 shows the top 38most prolific authors (up to 8 publications) in this dataset, and the
complete table can be found in Appendix A. The author names have been used as node labels,
and the size of the node has been weighted by its number of articles.

3.3.2 Edge. Calculating the edges of the co-authorship is straight forward. Each edge
represents a co-authorship link, and if any two authors co-author an article, then the value of
their co-authorship edge increases by 1. The undirected edges of each pair of co-authors were
calculated and the matrix structure constructed. The complete network dataset can be found
in Appendix A.

3.3.3 Network visualisation. Among the 3,382 identified authors, only 661 (19.5%) were
connected to the main network of co-authors presenting a “small world” with a small but
strong set of them collaborating actively. John Burrows, who is the most cited scholar in the
dataset, published 10 articles and co-authored one paper (with Hugh Craig in Chum: Burrows
and Craig, 1994), but he is not connected to the main co-authorship network as he has no link
to any node on the main network. Overall, 19.5% is comparatively lower than other
disciplines when compared at similar scale, e.g. Medicine – 92% (Newman, 2001),

Figure 3.
The percentage of
multiple-authored

articles each year in the
collected dataset from
the journals CHum,
LLC/DSH, and DHQ

(1966–2017). There is a
steady growth on both

graphs, and multi-
authored articles have

accounted for the
majority, especially
after 2006, e.g. LLC/

DSH in 2013 (69.5%),
2015 (66.1%),
2017 (70.2%)
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Management and Organization – 45% (Acedo et al., 2006), and Sociology – 34.5% (Moody,
2004). Figure 4 below shows the co-authorship network with all the authors in the dataset.

According to Figure 4, themain network at the centre accounts for 19.5%of the nodes, and
many smaller networks and individual authors are detached from the main network and
scattered around. Most authors who published more than one article are connected to the
main network, although some are disconnected, e.g. John Burrows, Gordon Dixon, Robert
J. Valenza, Roberto Busa, reflecting the fact that they did not publish any multi-authored
papers in this current dataset. However, it is axiomatic that the longer the time span over
which we view a network, the more likely it is that network members active periods will not
intersect. Figure 5 below shows the main co-authorship network.

3.3.4 Centrality.As shown in Figure 5, it is clear that some nodes are important bridges of
the network, such as Susan Hockey, Julianne Nyhan, Melissa Terras, Edward Vanhoutte, and
John Nerbonne. To better investigate the roles that individual scholars play in research
collaboration as captured in co-citation metrics, it is beneficial to apply centrality measures.
Studies have shown the promising aspects of centrality indices for analysing and interpreting
co-authorship networks (De Stefano et al., 2011; Abbasi et al., 2012). This study has employed
Gephi 0.9.2 to calculate the betweenness centrality for the network and results are displayed in
Table 3 of the next section.

3.3.5 Longitudinal analysis. As reviewed, the proportion of authors who are connected to
the main co-authorship network is very limited. DH, in particular, often forms “small world”
models populated with a small number of authors (Grandjean, 2016). The spread of the
co-authorship network depends heavily on the scale of the dataset, i.e. the number of
publications. In other words, the more publications one collects, the more authors are likely to
be connected to the main co-authorship network. Because of the low proportion of authors on
themain network, when studying the network longitudinally, datasets can no longer be sliced
into separate periods, but must be studied as a whole accumulated structure. Table 2 shows
the percentage of authors who were connected during each separate period and how the
number of connected nodes is very low if not combined.

As the very low numbers of connected authorswithin each separate period cannot provide
useful information to interrogate the pattern of scholarly collaboration, this study has

Author name No. Articles Author name No. Articles

1 Melissa Terras 27 20 Lisa Lena Opas-H€anninen 10
2 Susan Hockey 22 21 Stan Ruecker 9
3 MWA Smith 20 22 Julia Flanders 9
4 Mark Olsen 17 23 Whitney Bolton 9
5 John Nerbonne 16 24 Barron Brainerd 9
6 David Holmes 16 25 Raymond Siemens 8
7 Thomas N. Corns 16 26 Geoffrey Rockwell 8
8 Edward Vanhoutte 15 27 Michael Sperberg-McQueen 8
9 Willard McCarty 14 28 Tony McEnery 8
10 Peter Robinson 14 29 Gregory Crane 8
11 Julianne Nyhan 13 30 R L Widmann 8
12 Estelle Irizarry 13 31 Arianna Ciula 8
13 Susan Brown 12 32 William Kretzschmar 8
14 Fiona Tweedie 12 33 Susan Schreibman 8
15 Claire Warwick 11 34 Nancy Ide 8
16 John Bradley 11 35 G Lessard 8
17 Paul Fortier 11 36 Ellen Johnson 8
18 Lou Burnard 11 37 Matthew Spencer 8
19 Christopher Howe 10 38 WJ Jones 8

Table 1.
The top 38 authors by
the number of
publications in journals
CHum, LLC/DSH, and
DHQ, 1966–2017
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combined the periods and constructed an accumulated co-authorship network. By using
different colors to code the average publication year of each author, Figure 6 below shows the
accumulated longitudinal information of each co-author.

The color-coding of Figure 6 indicates the different positions that authors belong to at
different times, and also reflects their collaboration trend over time. On the right-hand side,
we can see that people who published articles before 1980 tend to be linked together.
Nevertheless, we can also find some authors who are highly ranked in all time periods, e.g.
Susan Hockey, indicating that her “career plateau” extends across time (Chang Boon Lee,
2003, p. 538). Some authors have been on the rise more recently (in orange and red), while
others have faded out or away (in blue).

Among all 3,382 authors, men number 2,253 (66.6%) and women 976 (28.9%), while 153
are classified as unknown. This distribution has been gradually changing during the past
52 years. Figure 7 below shows the annual percentages of unique female and male authors,
and we can see a clear rising trend in the percentage of female scholars, especially in recent
years, although they are still the minority.

The gender distribution of the co-authorship network is similar to that of the total number
of authors in the dataset. There are 187 female authors (28.3%) and 409male authors (61.9%).
Figure 8 below shows the co-authorship network color-coded with gender information.

Figure 4.
The co-authorship

network with all the
authors
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Figure 8 shows that female scholars may account for less than 30% of authors overall, yet
many of their nodes are functioning as important bridges that link different clusters. Studies
have shown that female scholars are thought to know more about their networks and to be
more active in terms of forming their collaboration networks (Brass, 1985).

4. Results and discussion
Our study shows a clear rising trend in the proportion of female researchers publishing in the
specified journals, especially in recent years, though they remain in a minority. Figure 7
supports the results of most previous DH gender studies by showing an apparent imbalance
between the proportion of female and male scholars, e.g. (Weingart, 2012, 2013, 2014, 2015,
2016b; Risam, 2015).

Our results also present unanticipated findings about the different collaboration
patterns between male and female scholars in DH. Although the gender distribution of the

Time period No. authors No. connected authors Percentage of connected authors

1966–1970 72 3 4.2%
1971–1985 383 6 1.6%
1986–1990 381 6 1.6%
1991–2005 1,076 52 4.8%
2006–2017 1,440 96 6.7%
Whole period (1955–2017) 3,382 661 19.6%

Figure 5.
DH co-authorship
network, data from
journals CHum, DSH/
LLC and DHQ (1966–
2017), graph created by
VOSviewer

Table 2.
The percentages of the
connected authors
during different
periods of the
co-authorship
networks. Data
extracted from journals
CHum, LLC/DSH, and
DHQ, 1966–2017
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Author name Publications Co-authors Gender
Betweenness centrality
(average no. of pairs)

1 Susan Hockey 22 16 F 81501.3
2 Susan Brown 12 25 F 68457.9
3 SG Hall 5 36 U 67345.3
4 Raymond Siemens 8 18 M 57718.0
5 Melissa Terras 27 53 F 49180.3
6 Stan Ruecker 9 31 M 48101.3
7 Julianne Nyhan 13 13 F 36533.6
8 Geoffrey Rockwell 8 23 M 34623.2
9 Maxine Brown 5 9 F 31533.1
10 Paul Spence 3 7 M 30916.8
11 Claire Warwick 11 23 F 30776.8
12 John Nerbonne 16 20 M 27324.3
13 MWA Smith 20 12 U 25812.2
14 Michael Sperberg-McQueen 8 8 M 24844.9
15 Julia Flanders 9 15 F 24471.7
16 Hamish Cunningham 5 19 M 24254.5
17 Mark Olsen 17 21 M 22831.9
18 Tony McEnery 8 21 M 22726.3
19 Whitney Bolton 9 9 F 22691.3
20 Fiona Tweedie 12 14 F 17960.0

Figure 6.
DH co-authorship

network with average
year information, data
from journals CHum,
DSH/LLC and DHQ
(1966–2017), graph

created by VOSviewer

Table 3.
The top 20 authors

ranked by the highest
betweenness centrality

with gender
information

(F – female, M – male,
U – unknown)
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Figure 7.
The annual
percentages of unique
number of authors by
gender, data from
journals CHum, DSH/
LLC and DHQ
(1966–2017)

Figure 8.
The co-authorship
network with gender
information, data from
journals CHum, DSH/
LLC and DHQ (1966–
2017), graph created by
VOSviewer. Although
female scholars
account for less than
30% of the total, many
of their nodes are
functioning as
important bridges,
linking different
clusters that would
otherwise be
disconnected from the
main network, and
they have much higher
betweenness centrality
values (e.g. the nodes of
Susan Hockey, Susan
Brown, Melissa Terras,
Julianne Nyhan,
Maxine Brown, Claire
Warwick, Julia
Flanders)
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co-authorship network is similar to the total number of authors in the dataset (187 female –
28.3% in the co-authorship subset, compared to 28.9% in the wider full dataset, and 409 male
– 61.9% (66.6% in the full dataset), see above Figure 8), this raises interesting questions about
the gender differences apparent in the DH co-authorship network.

Although female scholars account for less than 30%, many of their nodes are functioning
as important bridges, linking different clusters that would otherwise be disconnected from
the main network. For example, the node of Susan Hockey links a cluster on the bottom right
of the network, which would otherwise be disconnected without its link to her. Many nodes of
female scholars play this important bridging role, e.g. Susan Brown, Melissa Terras, Julianne
Nyhan, Maxine Brown, Claire Warwick, Julia Flanders. Male scholars, on the other hand, are
more visibly grouped at the end of each cluster, despite the fact that they are taking up the
majority places and thus are more visible in general.

In order to quantify the bridging roles of female scholars, this study has calculated the
betweenness centrality of each node (i.e. the average number of pairs that have the shortest
paths passing through the node) to examine the network’s structural prominence. It is usually
understood that the higher the centrality, the more important the node (Kosch€utzki et al.,
2005), and in a co-authorship network, the greater the impact of a scholar in forming the
network (Yan and Ding, 2009, p. 30). Table 3 below presents the gender of the top 20 authors
ranked by betweenness centrality. Many are female scholars (see Appendix A for the
complete table).

As shown in Table 3, the value of betweenness centrality indicates the average number of
pairs that have the shortest paths through the node. Authors have to be connected to at least
one person in order to be included. If the value is 0, it means no pair has the shortest path
through this node.

According to the results, female scholars are significantly more important than their male
counterparts in forming the co-authorship network, despite them being a numeric minority.
There are nine female scholars and nine male scholars in the top 20, and the highest two
authors are both female (i.e. Susan Hockey and Susan Brown). Although there are equal
numbers of female andmale authors in the top 20 table, one needs to keep inmind that female
scholars account for less than 30% of the total number of authors, which means that if they
were represented in the same proportion, there would be many more female scholars in the
top ranked list.

In addition, among all 661 authors who are connected to the main network, the average
betweenness centrality for female scholars is 10,647.0, while it is only 7,542.5 for male scholars.
The female average is 41.2% higher than that of the male average, demonstrating that the
positions of female scholars in the DH network are significantly more influential and critical
than those ofmale scholars.Moreover,moving to a broader scale, amongall the 3,382 authors in
the current dataset, female scholars on average have 2.6 co-authors while male scholars have
2.5. This shows that, on average, women in DH have relatively more collaborators than men.

In general, the results suggest that female scholars may have encouraged more
communications, built more collaborations, and contributed more to the formation of the DH
co-authorship network thanmales during the years studied. Not only are they themain forces
to maintain DH scholarly connections, they are the icebreakers that bridge isolated groups.
This finding reveals an interesting aspect of the gender difference in the DH community
formation. Althoughwe know that female scholars are aminority of the DH community, until
now, no studies have detected the significant contribution they make to building connections
and encouraging collaboration from a statistical perspective. On the other hand, this finding
is not too surprising when brought into conversation with the external literature.

Previous empirical studies have shown that, on average, women in academia have more
collaborators than men (Bozeman and Gaughan, 2011, p. 1,393). Female scholars are
understood to know more about their networks and to be more knowledgeable in terms of
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forming their collaboration networks (Brass, 1985). They tend to expand and further develop
their individual connections beyond their own areas and specialties, and this can encourage a
greater level of interdisciplinary collaboration (Leahey, 2006; Rhoten and Pfirman, 2007). As
DH is thought to be more interdisciplinary than many Humanities disciplines, women in DH
may have more opportunities to develop such connections and form more collaborative and
diverse networks.

Many studies argue that women are better communicators than men. While not an
uncontroversial claim, and whether they “are” better communicators or have, for example,
been socialised in this way, this might be one of the reasonswhy female scholars in DH have a
different pattern of collaborative behaviour than male scholars. In general, women present as
more “expressive” and “tentative” in conversation, while men tend to present as more
“assertive” and “power-hungry” (Basow and Rubenfeld, 2003, p. 183). Women are reported to
see communication as a way to improve social connections and build relationships while men
are reported to use language to express dominance and achieve goals (Leaper, 1991). Thus,
many have argued that women tend to be more social in communications while men value
their independence (Gilligan, 1993; Chodorow, 1999; Eagly, 2013). Kuhn and Villeval found
that significantly more women than men chose teamwork over individual tasks during their
experiments, and that women were more attracted to collaboration (Kuhn and Villeval,
2015, p. 115).

Moreover, in the academic environment, female scholars encounter manymore difficulties
than their male counterparts and this may enhance their appreciation of positive
collaborative networks. Numerous studies of female scholars have shown that they have
less support, face greater professional isolation and slower rates of promotion, and are more
likely to leave the academia before gaining tenure than their male counterparts (Wasburn,
2007; Baker, 2010; Br€uggmann and Groneberg, 2017; Oleschuk, 2020). In order to overcome
these challenges, some female scholars develop exceptional communication skills and make
good use of their extensive connections. Collaborations can greatly help female scholars to
build networks and to navigate the academic environment, and co-authorship has influenced
their productivity more notably than male scholars (Abramo et al., 2013).

In addition, because female scholars are often a minority of a scholarly community, they
are thought to be more dependent on networks than their more numerous male colleagues
(Badar et al., 2013). Studies have shown that female scholars not only benefit more from direct
and indirect connections to a network, but they also benefit significantly from connecting
disconnected others (Burt, 2005, pp. 30–39). Mehra et al., have pointed out that by connecting
isolated or disconnected nodes, one can take on the role of “gatekeeper”, ultimately accessing
more diverse sources and information that can be used to produce more beneficial outcomes
(Mehra et al., 2001).

However, many motivations may be posited for an individual pursuit of research
collaborations (Ponomariov and Boardman, 2016) and the above analysis offers only a few
possible explanations. Other interpretations are possible. For example, some argue that
policies to reduce the family-related barriers that impeded female scholars may finally be
paying off (Bozeman and Gaughan, 2011, p. 1,399). Also, some research argued that male
scholars are more likely to place an emphasis on building a solid reputation through
independent publications at the beginning of their career, in order to achieve better
collaborations later (Abramo et al., 2013, p. 811). Some also discount the validity of using
gender as an analytical unit in this way, arguing that collaboration is less influenced by
gender than it is by effective leadership and team commitments (Ingram and Parker, 2002).
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5. Conclusion
The co-authorship analysis that is the basis of this paper allows researchers’ networks, social
connections, and collaboration patterns (Newman, 2004) to be studied at a higher level of
resolution than previously attained in bibliometric studies of DH. This study visualized
the co-authorship network of data drawn from three well-known DH journals; it analysed the
network’s co-author clusters; and it studied the prominence of gender over time on the
network using the betweenness centrality method. Our results show that despite being in a
minority, female scholars are significantly more important than their male counterparts in
forming co-authorship networks as represented by the dataset to hand. Women in DH
account for 30% of the total authors published by these journals, but they appear to have
encouraged more communications, built more collaborations, and contributed more to the
formation of theDH co-authorship network thanmales during the years studied. They appear
to be the main forces driving the establishment and maintenance of DH scholarly
connections; they also are the facilitators who bridge isolated groups.

Our findings are the first to reveal this collaborative aspect of gender difference in DH
co-author community formation. This paper also provides new data, as well as a new analysis
of the gender distribution and difference in DH, and it suggests new questions to be examined
in future studies. For example, how do female scholars in DH form their collaboration
and co-authorship connections? How do we encourage such collaboration in DH? Is it a
coincidence that along with the growth in the proportion of female scholars, the proportion of
co-authored papers is also increasing?

From amethodological perspective, this paper contributes to the development of author name
and gender identification methods that can be used for future studies. To deal with homonymy
and synonymy issues in the author dataset, this study has not only implemented the Author
NameDisambiguationmethod (Strotmann et al., 2009; Zhao and Strotmann, 2011, p. 120) but also
provided guidelines and examples to help with auto-detection. For assigning author gender, this
study has practically compared different methods, demonstrated clear “name-gender
assignment” steps, added contributions to identify East Asian names in the methodology, and
focalized multi-lingual author name databases. By doing so, this study has taken existing efforts
a step further and provided a systematic author name-gender identification methodological
framework for future relevant studies. The next stage in the development of name-gender
identification methodologies and tools should entail moving away from gender binaries so as to
better accommodate diverse identifications with and representations of gender.

These findings do not need to be read in a positivist way only. They might prompt
reflection on communities and individuals who are less-well represented by the co-authorship
network explored here. They might prompt questions about how digital humanities, and
academic disciplines more broadly, can better recognise the distinctive contributions of the
different groups that coalesce into the wider community. Scholars in DH and related fields
might also take this study as a reference when planning future collaborations and co-author
publications. Universities, centres, journals as well as organisations could take gender
differences into account when encouraging authors to collaborate and publish. Future
network studies could also replicate this study in other fields and topics, as a useful
comparison between different disciplines.

Note

1. Examining journal publications in Computers and the Humanities (1966–2004) and Literary and
Linguistic Computing (1986–2011), they found that, although single-authored papers predominated
during this period, the number of authors who co-published was increasing.
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