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Provenance Visualization as an Entry Point to the History and
Curation of Information Collections

Tomas Vancisin (2, Mary Orr @, Loraine Clarke (), Uta Hinrichs

Abstract—Provenance—the origin and construction methods of an artifact or piece of information—is essential across all areas
of knowledge production. Its disclosure ensures authenticity, reproducibility, and transparency. While digital tools can automate
provenance tracking and disclosure, the amount and complexity of provenance information present a challenge, particularly within
the context of cultural collections, where ‘physically-born’ artifacts are transformed into digital space. This process introduces several
methodological and curatorial decisions that, in turn, can greatly influence how the—once-physical—collection is represented and
how it will be interpreted. In previous work, we have started to address this issue by introducing provenance-driven visualization as
an approach to provenance disclosure that (1) traces and categorizes the physical and digital provenance of information collections
(e.g., transcriptions, modifications of content and structure, ex/inclusion of information items) and (2) uses visualization to disclose
and make provenance explorable in interactive ways. While this approach has shown potential, there are challenges in designing
provenance-driven visualizations because they can be perceived as complex and abstract and, ultimately, a distraction from the
information collection’s content. How can visualization design navigate tensions between making visible provenance information
and underlying curatorial decisions in a holistic and compact way, while enabling easy entry points to and promoting the critical
interpretation of the collection’s content? In this paper, we present a new design approach to provenance-driven visualization that
combines abstract visualization, textual descriptions, and representations of artifactual form with storytelling techniques and animation
to portray provenance information. Our findings from a qualitative study demonstrate the success of this approach in (1) providing a
visual entry point into the collection’s provenance, (2) promoting an in-depth understanding of the transitions and underlying curatorial
decisions the collection has gone through, all the while (3) positively influencing the collection’s content exploration and its critical
interpretation. Our work contributes new perspectives on how visualization can be applied to add transparency and raise awareness of
the constructed and situated nature of data, especially in the context of cultural collections, but also beyond.

Index Terms—Provenance, Visualization, Provenance-Driven Visualization, Historical University Records, Digital Humanities
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1 INTRODUCTION

Provenance, i.e., the origin of an object and its transformation over time, is an important aspect that underpins research across disciplines. While
some research fields (mostly humanities) focus on provenance as a way to promote authenticity and originality of artifacts [16], others (mostly
sciences) study provenance to provide validity of data collection and as a way to enable reproducibility [19]. Provenance not only provides the
foundation for a sensible interpretation of and discussion about the presented information items (be it a piece of art, the results of an experiment,
or the interactive visualization of a cultural collection), it also ensures transparency of the underlying methods applied. This can shed light on
the methods’ soundness and validity but also on the ethical dimensions of these methods (e.g., how were information items obtained, who was
involved in the labor, was consent provided, etc.).

In the digital age, the amount and nature of provenance-related information further emphasizes the importance of provenance disclosure, but
also adds to its complexity. Provenance information includes (a) curatorial decisions related to in/exclusion of certain information, (b) changes to
artifactual representation (e.g., from physical to digital format), (c) differences in information classification and imposing high-level structures
(e.g., indexing), (d) ‘cleaning’ processes to address missing information or uncertainty, and (e) design decisions that determine the (visual)
representation of the information collection as part of or at the end of the process. Traditionally, none of these manipulations and inherent situated
curatorial decisions are visible in the resulting datasets or their visual representation. The issue of tracing and making data provenance transparent
has started to become a focus of various data analysis tools [8,35,44]. However, these tools are mostly applicable to digital, machine-processable
data collections that are ‘born-digital” and more or less structured. It is difficult to apply these tools to information collections that have undergone
both qualitative and quantitative changes in terms of content and structure, e.g., as part of a digitization process. Furthermore, making provenance
as well as related transformations of a collection visible is still a challenge. While selected visualization approaches have very recently been
explored [9], it is still most common to describe provenance via text or diagrammatic flowcharts (e.g., [24]) that provide a high-level view on the
applied transformations but do not portray their complexity and potential implications.

To enable a holistic perspective on provenance that considers manipulations of the information collection as a result of curatorial decisions
which informed transitions from physical to digital form, as well as transformations applied to the collection after its digitization, we have
previously proposed provenance-driven visualization [46]. The aim of provenance-driven visualization is to capture and make visible the
transformation steps that have been applied to an information collection—be it a scientific data set or collection of historical documents. Rather
than providing a high-level generic overview of the transformations applied, provenance-driven visualization makes visible each transformation
step at a much more granular level. As we have demonstrated previously in the context of a historical record collection, a provenance-driven
visualization could make each transformation of this collection visible at the level of individual records within the collection [46]. We believe
that provenance-driven visualization could be applied to research across a variety of fields, but it is particularly relevant in the field of digital
humanities, where the information collections often span the physical and digital realms.
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Using our first provenance-driven visualization prototype, we have already conducted a qualitative study where we employed a range of
experts and non-experts in archiving, history, and visualization [46]. The study revealed the potential of provenance-driven visualization to
promote a more in-depth understanding of the situatedness of information collections and related curatorial processes. However, it also highlighted
the challenges of this approach in terms of design and overall impact. While the participants acknowledged the importance of making provenance
visible, they also found our initial design approaches too abstract and complex, distancing them from the actual information and stories inherent
in the collection. This raises the question: How can visualization design navigate tensions between making visible provenance information and
underlying curatorial decisions in a holistic and compact way, while enabling easy entry points to and promoting the critical interpretation of
the collection’s content?

Based on the feedback we gathered from the first study, we developed a completely new provenance-driven visualization prototype aimed at
addressing the question above from a design and qualitative research perspective. Our contributions are as follows:

* Presentation of a new design approach to provenance-driven visualization that combines abstract visualization, textual descriptions, and
representations of artifactual form with storytelling techniques and animation to portray provenance information.

* Findings from a qualitative study that demonstrate the success of this approach in (1) providing a visual entry point into the collection’s
provenance, (2) promoting an in-depth understanding of the transformations and underlying curatorial decisions the collection has gone
through, all the while (3) positively influencing the collection’s content exploration and its critical interpretation.

* A discussion of new perspectives and open questions on how provenance-driven visualization can be applied to add transparency and to
raise awareness of the constructed and situated nature of data, particularly in the context of cultural collections, but also beyond.

2 RELATED WORK

Our research draws from current practices on provenance research and its disclosure. In the following paragraphs, we outline how provenance is
discussed in different fields of knowledge production, focusing in particular on methods of provenance tracking and disclosure.

2.1 Provenance across Disciplines

Provenance tracking and disclosure play a crucial role across disciplines, although the nature of objects in focus as well as the goals of provenance
disclosure may differ. To emphasize the extent to which the study of provenance may differ, we focus on two examples. One is applied mainly in
the humanities, and another is commonly used in the sciences. It is crucial to highlight that variations and overlaps between the two approaches
may exist, but for simplicity and clarity, we only focus on those two, and we refer to them as ‘humanities provenance’ and ‘science provenance’.

‘Humanities provenance’ can be defined as “the history of ownership of a valued object or work of art or literature” [34] which ensures
authenticity and originality of a given artifact [16]. Researchers gather data about the artifact’s creator, names of current and past owners, how
these owners acquired the artifact, geospatial and temporal information about the artifact’s travels, as well as gaps indicating where provenance is
not documented. The extent to which this type of provenance is important can be seen in the standards GLAM institutions follow ! 2 and also in
the provenance convention adopted internationally to prevent illegal trade of cultural property [29,45].

‘Science provenance’ can be described as “information about entities, activities, and people involved in producing a piece of data or thing,
which can be used to form assessments about its quality, reliability or trustworthiness” [36] which enables reproducibility and ensures validity
of the research outcome [19]. Researchers try to capture a great variety of provenance data, and for this purpose, they develop provenance-tracing
tools [4,6,27,32]. These tools are often specialized for a particular kind of provenance they capture [39]. Whether it is the provenance of data and
its changes over time [23], visualization and its states [15], history of interactions with the given tool [33], insights from the analysis [9,21], or
the history of decisions and reasons behind these decisions [28]. The applicability and far-reaching impact of these tools can be seen in the variety
of disciplines where they are used: quantum physics [18], psychiatry [2], cosmology [1], ecography [37], biomedical research [43] etc.

Apart from the fact that one focuses mainly on the originality of the artifact while the other on the reproducibility of an experiment, there are
further differences between how the two approaches treat and disclose provenance. In ‘humanities provenance’, tracing the history of an artifact
always tries to go back to when the artifact was created, and all the subsequent steps are taken into consideration, up to and including its current
state. In contrast, even though in exquisite detail, ‘science provenance’ traces the transformation steps only within the ‘microcosm’ of a given
project or experiment. The disclosure of provenance in these two approaches differs also. Textual descriptions are by far the most common way to
show the ‘journey’ of an artwork over time, while diagrammatical approaches and scientific workflow charts are popular in empirical sciences.

2.2 Provenanance in Information Visualization and Digital Humanities

In information visualization and digital humanities, the ‘artifact’ for which provenance is traced and disclosed is often an interactive visualization
and its underlying dataset. Even though not in such depths as in the approaches discussed above, the potential benefits of revealing the history of
this ‘artifact’” have also gained attention.

In the context of information visualization, Dork et al. highlight trust between the visualization researcher and the visualization user as an
outcome of disclosing provenance [13]. Hullman & Diakopoulos [26] emphasize that disclosing provenance leads to transparent research,
whereas replicability was pointed out by Fekete & Freire [17] as yet another benefit. Further still, Correll [10] stresses that provenance disclosure
ensures that the research outcome can be critically evaluated.

In digital humanities, D’Ignazio & Klein emphasize that the labor behind a particular research outcome, in this case, a visualization, deserves
attention as a means for more ethical research [11, 12]. Lamqaddam et al. highlight user trust and authenticity as two crucial benefits of
disclosing provenance [30].

Current practices of disclosing provenance in these two fields resemble ‘science provenance’ in terms of how far back in history researchers
go. Provenance is studied and shown only within the ‘microcosm’ of the given visualization project, and what happened before is disregarded.
When it comes to the form in which the history behind the visualization is portrayed, information visualization and digital humanities use
diagrammatical as well as textual approaches, both of which are common for provenance disclosure across a variety of fields. Our approach to
some extent complements the current practices in information visualization and digital humanities but its primary aim is to push the entire area of
provenance disclosure in these two fields much further by taking inspiration both from *humanities’ as well as ‘science provenance’ approaches.

Uhttps://www.ifar.org/provenance.php
Zhttps://museum.cornell.edu/provenance-guidelines-resources



3 OuR PREVIOUS WORK ON PROVENANCE-DRIVEN VISUALIZATION

In order to address the challenges described above, we have previously introduced provenance-driven visualization as a concept that aims at (1)
integrating provenance information directly into the visualization of information collections (such as historical document collections) and (2)
making provenance visible and traceable at the level of individual information items within the collection.

Provenance-driven visualization borrows from and expands ‘humanities provenance’ and ‘science provenance’ practices. Drawing from the
former, provenance-driven visualization aims at taking a holistic approach to provenance tracing and disclosure, i.e., it includes transformations
applied to information collections both in their physical and digital form. At the same time, provenance-driven visualization borrows from
‘science provenance’ practices in that it traces and makes visible transformation steps applied to a collection at the item level. This includes
transformations such as translations, edits and expansion of items’ content, exclusion of items, modifications to the structure and organization of
the information collection (e.g., the introduction of categories or transitions, from a temporal to an alphabetical index), and changes to artifactual
form (e.g., from handwritten parchments to printed paper, to digital database), in addition to temporal data related to the duration of individual
transformation steps, when these transformations took place, and who was involved in these transformations.

The key to provenance-driven visualization is then the visual portrayal of this qualitative and quantitative provenance data that can be gathered
directly from the collection, from reports and writings about the collection, as well as from direct discussions with people involved in working
and transforming the collection in question. In contrast to visualizing the data in its final stage, common in information visualization practice and
research, provenance-driven visualization also focuses on representing the provenance data that has led to the final dataset into which the initial
information collection has been transformed. Below, we provide a brief overview of a case study we have presented in our previous work [46] to
illustrate provenance-driven visualization on a practical example and highlight the questions and challenges this example brought to the fore.

Fig. 1: Matriculation/Graduation Roll (1875-1876). Image Courtesy of the University of St Andrews Library [UYUY309].

3.1 Case Study

The provenance-driven visualization prototype we have presented in previous work [46] is based on a collection of historical university student/staff
records—the Biographical Records of the University of St Andrews (1579-1897). These records (see Fig 1 for an example) contain information
about student and staff dates/locations of birth/death, parentage, when they studied at the University of St Andrews, what subjects they took, as
well as their career after the University. There is and always has been an interest in these records from the perspective of the University’s history,
but also considering the development of knowledge institutions within the UK and beyond and who had access to them. As a result, the records
have gone through a variety of transformations that have had an impact on their content, structure, organization, and artifactual form. We provide
a more comprehensive overview of these transformations in [47], but in a nutshell, the records have been transcribed, expanded to include more
information about individual students and staff members, re-structured from a temporal to an alphabetical index, digitized and further categorized



Fig. 2: Provenance-driven visualization prototype showing sequential layers of transformation steps. Layer 1: Original records. Layer 2: Manual
transcription. Layer 3: Expansion & restructuring. Layer 4: Reorganization & restructuring into XML:TEI. Layer 5: Relational database structure.
‘Record View’ (6) shows the artifactual form of records in each layer. Selecting records in one layer, in this case Layer 3, highlights these records in
all the other layers. The prototype was developed entirely using the JavaScript library for dynamic web-based visualizations, D3.js.

to enable the development of a relational database for flexible querying, and then visualized. Our initial visualization work on making visible
geographic, temporal, and gender-related trends within these records [47] started to bring to the fore provenance-related questions about their
constructed and curated nature. This motivated us to collect both qualitative and quantitative provenance data (e.g., content expansion in terms of
word units, changes in the structure and order of these records, information describing their artifactual form) about these transformations through
interviews with people who were directly involved in transforming the records, by studying library catalogs, prefaces to transcribed books and
alphabetical indexes, as well as ‘About’ pages for the digitized register [48]. We then experimented with ways of visualizing the transformation
steps which led to a first visualization prototype that illustrates the idea of provenance-driven visualization (see Fig. 2).

The visualization prototype (described in [46] in more detail) provides an all-in-one overview of five key transformation stages of the historical
records. Each visualization layer 1-5 represents the content and structure of the records after the transformation, with Layer 1 representing their
original temporal structure. Within each layer, records can be explored to reveal their representational form and content after each transformation
step (see Fig. 2.6).

3.2 Challenges and Open Questions

We evaluated this prototype by conducting a study with people from various backgrounds (visualization, archival work, history, and the general
public) which revealed that making provenance-related information visible through interactive visualizations promotes discussions about the
records beyond their content and around transparency, authenticity, and ethical considerations, as well as their collection, curation, and
representation (see [46] for more details). At the same time, however, the participants’ interest and focus was often on the records’ content as they
found the provenance-driven visualization (due to the visual abstraction of transformation processes) too complex.

In parallel, our study of the historical student/staff records revealed that the initial collection we worked with was missing thousands of
records of female students who obtained a Lady Literate in Arts degree from the University of St Andrews between 1877 and 1897, which was one
of the first university programs in the UK where women were allowed to enroll [42]. These records were deliberately excluded by archivists from
the initial University biographical records because the LLA was not considered a ‘proper’ degree. Our first experiments with provenance-driven
visualization did not consider these types of curatorial decisions. Still, our initial explorations raised the following questions and challenges:

* How to navigate the tension between the compact and abstract representation of record transformations while still foregrounding the
records’ content and artifactual form?

* How to visualize provenance-related transformations in ways that can provide easier entry points into provenance exploration?

It is these questions that we address in this article. In the following sections, we first describe how we explored these challenges from a
design perspective and then describe the findings of a qualitative study conducted with visualization experts, archivists, and historians.



4 CONVEYING PROVENANCE THROUGH VISUALIZATION + STORYTELLING (NEW PROTOTYPE)

To address the questions above, we experimented with different visualization approaches. First, we combined text, visualization, and artifactual
representations as a means to bridge abstract visualization with concrete artifactual representations of the records at different stages of the process.
Second, we used storytelling techniques and animation to gradually introduce users to the transformation processes the historical University
records underwent. Using narrative visualization and storytelling techniques has shown to enhance comprehension [41] and memorability [3], and
combining it with animated transitions can help with user engagement and understanding [20]. The resulting prototype follows the ‘martini
glass’ structure which first takes the user through the different transformation processes in a linear and interactive way, before they arrive at
an interactive visualization where the St Andrews student and staff records can be explored in more detail from a geographic perspective. Our
prototype is available online for exploration 3 and below we provide an outline of its design and features.

Fig. 3: Original Records: Initial screen shows the number of signatures in the Matriculation Roll using sketchy line rendering to mimic the handwritten
form of the records. 1415-1579 records in lower opacity indicating their current manual transcription. 1579-1747 records not ready for computational
aggregation. 1747-1897 records’ line length indicating number of students per year.

4.1 lllustration of Transformation Steps

As shown in Figure 3, the visualization prototype consists of three elements: a visualization at the center, a textual description of the visualization
to the left, and a visual hint at the artifactual representation of the historical records to the right. The visualization consists of a circular timeline
that presents the creation years of the records (1413—1897) in clockwise order. Each line represents a year of matriculation. The timeline is
divided into three periods 1413-1579, 1580-1746, and 1747-1897, which is based on the way the archivists divided the records: the medieval
University: 1413-1579, the University between the Reformation and the creation of the United College 1580-1747, and the University after the
creation of the United College 1747-1897. The lines representing the time period from 1747-1897 vary in length to indicate the number of
students who started at the University that year. In contrast, the records from earlier years are represented as lines of the same length. These
records are in the process of being manually transcribed (1413—1579; as indicated by the light grey color of lines) and digitized (1580—1746;
as indicated by the white lines); these records were not ready for computational quantitative aggregation when we developed our visualization
prototype, but we wanted to include them in our visualization to make the early years of the University visible. Clicking the top right button
expands the scan of the matriculation roll page to contextualize what the original records looked like.

From this initial view of the original records and their timeline, the user can walk through and explore the different transformations the
records have gone through over time step-by-step (See Fig 4). The ‘Next’ button at the top left takes the user through each step. This transforms
the circular timeline into a dual timeline where the original creation years of the records remain visible in a circular fashion, but the years of
key transformations (1888-2022) appear as a radial outer axis. With every transformation step, the timeline gradually expands radially, making
visible the nature of this step and how it has affected the records. At the bottom left, little figurine icons indicate the number of people involved in
each transformation step. For example, Figure 4.1 shows the manual transcription of the records from 1747-1897; the straight lines indicate
the transcription from the handwritten text to print, and line length indicates the duration of this transformation (17 years). Figure 4.2 shows

3https://provenance.tomasvancisin.co.uk/ [Source Code: https://github.com/tvancisin/provenance_storytelling]



Fig. 4: Transformations of BRUSA records. 1: manual transcription by the Andersons; 2: content expansion by the Smarts; 3: XML:TEI digitization by
the University Library Research Computing Team; 4: our first Tableau Desktop visualization.

the expansion of records which added information about students and staff, as well as the transformation of the records into an alphabetical
index (1960-2012). This was followed by a full digitization and re-structuring of the records into XML:TEI (2013-2016; see Fig. 4.3). Finally,
Figure 4.4 shows a further digital transformation of the records into a database which enabled first visualizations of the geographic distribution of
birthplaces of St Andrews students and staff as well as the temporal distribution of the records.

Fig. 5: LLA records. Highlighted sketchy lines at the bottom indicate the period 1877-1897 when the LLA’s were originally recorded. Left: original
handwritten records; Right: our digitization of the LLA records.

4.2 Inclusion of Missing Records

As mentioned above, our initial work with the student/staff records revealed that the records of women who were enrolled in the University’s LLA
program (1877-1897) were excluded from the official biographical register of the University because the LLA was not considered a ‘proper’
University degree. Hence, these records of female students at the University did not undergo the same extensive transformation processes as the
original records and were not visible in our first visualizations [46,47]. The last three transformation steps in our visualization prototype therefore
focus on the nature of these records, their late transcription and digitization process (see Fig. 5), and the impact our inclusion of these records had
in terms of student numbers (see Fig. 6).



Fig. 6: Contrasting the number of LLA records (white line) with the official register (grey line) shows the scale and popularity of the LLA schema.

4.3 Geographic Visualization of University Records

The step-by-step visualization of record transformations described above finally leads to a geographic visualization of student/staff records which
allows the exploration of where they came from (birthplaces; see Fig. 7), where they pursued additional degrees after leaving St Andrews, and
where their subsequent careers took them after University. We decided to focus on the period of 1877-1897 to allow the comparison of female and
male students who entered the University at the time because this includes the LLA students. Some extracts of these geographic visualizations are
shown in Figure 7. The map views can be explored interactively, revealing individual student records by location (see Fig. 7.right). Filtering
options allow the user to explore all records at once, or to filter by male and female students. This filtering reveals the discrepancy between
male and female student records in terms of numbers but also when it comes to content: while we only have a few records about women whose
biographical information was expanded with additional information about, e.g., their careers after leaving the University, this information does
not exist for the LLA students because their records were never expanded.

To summarize, this prototype explores how to gradually reveal and narrate the transformation steps involved in transitioning the historical
University records into digital and visual form by combining textual elements, visualization, and representations of artifactual form. As illustrated,
the prototype follows a ‘martini glass’ structure where the user is gradually guided through these transformation processes in a linear way, leading
to a final geographic visualization that allows the exploration of what is actually within student and staff records in a more open-ended way.
With this new prototype, we were interested in investigating (1) how the visualization would be used and interpreted by people with different
backgrounds, and (2) if and how it would trigger critical discussions of provenance and curatorial decision-making in the context of historical
collections, also in comparison to comments we received about our previous provenance-driven visualization design approach [46]. We therefore
conducted a qualitative study of a similar nature, as described below.



Fig. 7: Visualizing geographical contents of the records: Paths from birth locations to St Andrews. Left: male students; Middle: female students;
Right: remote LLA (female) students.

5 STUuDY

The visualization prototype described above can be considered a departure from and an expansion of our previous approach to provenance-driven
visualization [46] in that it combines visualization and representations of artifactual form with text and storytelling elements to communicate
provenance. To explore if and how this approach can bring across and, potentially, act as an entry point to understanding the provenance of the
historical University records and its impact, we conducted a study with people from different professional backgrounds and knowledge about the
records. We were particularly interested in the following questions:

* What types of insights can participants extract from our visualization prototype?

* If and how does the provenance-driven visualization influence their understanding of the collection’s transformation steps and linked
provenance?

* How do participants experience and make sense of the abstract visualization of transformation steps on the one hand, and the records’
content and artifactual form on the other?

* If and how can the visualization highlight and promote discussions of curatorial decisions that took place during the transformation of
records into digital form?

5.1 Participants

12 participants (8 females and 4 males) took part in our study; six had a background in computer science, specializing in human-computer
interaction and visualization, and six specialized in history and/or archival practice in the context of interpreting historical document collections.
Three of the HCI/visualization specialists and three of the specialists in history/archival work had participated in our previous study [46] described
earlier. The six participants who did not take part in our previous study had no or very limited knowledge about our research. Participants were
recruited from the School of Computer Science (St Andrews and Edinburgh University), the University Library Research Team (St Andrews), the
Special Collections Department (St Andrews), and the School of History (St Andrews) through official University channels (email circulars and
print advertisements).

5.2 Study Design & Procedure

Our study was of qualitative nature and included observations of participants interacting with our prototype, followed by semi-structured
interviews. Study sessions took approximately one hour and were conducted online with individual participants. Each session started with an
introduction to the visualization prototype and its functionality. We then invited participants to explore the visualization in an open-ended way,
based on their own interests and curiosities, without giving them particular pointers or tasks. During this exploration period, participants were
encouraged to comment on their experiences and ask any questions that came up during these explorations. This was followed by in-depth
interviews, which focused on participants’ understanding of the visualization and the insights they gained from it. In particular, we focused on
insights and questions related to the provenance of the historical University records, but also on the information within the records, and any
questions the visualization had raised.

5.3 Data Collection & Analysis

All interactions with the visualizations were recorded via screen captures and all interviews were audio recorded. Our qualitative data analysis
mostly focused on the audio recordings which were transcribed word-by-word (using an automatic pass first, followed by a manually refined
pass). The transcripts were then analyzed using a thematic analysis approach [7,22] where we iteratively developed and refined a coding scheme
to capture the range of participants’ reactions and comments on the visualization prototype. The qualitative coding and development of the coding
scheme were conducted by two members of the research team and refined multiple times. Codes were informed partly by the interview questions
but also emerged from participant statements. The emerging coding scheme was then further refined through discussions among all four members
of the research team. Occasionally, findings derived from the thematic analysis were verified and enhanced by observations of selected sequences
of participants’ interactions with the visualization prototype.



5.4 Researcher Reflexivity

Because of the qualitative nature of our study, we found it important to reflect on aspects that may have influenced our research process. Therefore,
we summarize our background and positionality as researchers and authors of this article, our relationship to study participants, and our biases
and assumptions below.

Personal Background & Positionality: We, the researchers on this project and authors of this paper, have an interdisciplinary background
spanning computer science (specializing in HCl/information visualization; 1st, 3rd, and 4th author) and the humanities (modern languages and
literature; 1st and 2nd author). While our individual background has influenced our approach to this research project in general, and possibly, the
interpretation of participant responses, we tried to mitigate this by discussing and reflecting on our research approaches and methods as part
of regular meetings (typically, weekly meetings of team diads and monthly meetings with the whole team). These discussions became crucial
during the thematic analysis of the participant interviews. The interdisciplinary nature of our team allowed us to critically reflect and balance our
perspectives on our research.

Biases and Assumptions: We decided to make the inclusion of the LLA students the focus point of this project and our resulting visualization,
as it (we believe) nicely exemplifies the far-reaching impact of studying provenance. While this influenced the design of the visualization, we did
not, however, communicate this intention to participants during our study, for example, as part of our interview questions. Instead, as we will
outline in our findings below, participants observed the importance of the LLA inclusion in the visualization and highlighted this during the
interviews. The LLA inclusion, however, was only one observation that participants made, among other things (as further discussed below).

Relationship to Participants: We deliberately recruited four participants for our study who were deeply familiar with the historical University
records, in order to get an expert perspective on our visualization. The lead author had worked with these four participants (three from the
University of St Andrews Special Collections and one from the School of History) throughout the project and had already established a professional
relationship with them. The six participants with an HCI/visualization background can be considered as a convenience sample; four of them were
members of the University of St Andrews HCI group, of which the 1st, 3rd, and 4th authors are also members; two participants were recruited
from outside the group.

It is therefore clear that the responses of our study participants represent specific perspectives on the presented visualization. However, we
would like to emphasize that there were no power dynamics between participants and our research team, and we deciphered from their responses
that participants felt free to speak their opinions and also bring forward critique. While it is clear that widening the participant sample to include
more and different perspectives on our visualization approach would be beneficial, our findings from our observations and interviews already
present interesting insights into the impact of making provenance visible through a combination of visualization, text, and artifactual form.

Below, we describe the core findings of our study. Individual results are illustrated by direct participant quotes, which are coded as follows:
[CS] and [H] indicate that the participant has a background in HCI/information visualization or history, respectively. An asterisk (i.e., [CS*] or
[H*]) indicates that the participant took part in our previous study and, hence, has some familiarity with the record collection and visualization
approach. Furthermore, each participant was assigned a unique number.

6 FINDINGS

Our findings are structured as follows: we first provide an overview of the types of insights our participants were able to extract from our
visualization, both in terms of higher-level impressions of the University records and the transformations they have gone through, as well as in
terms of in-depth interpretations of the individual transformation steps. We then describe how individual design elements of the visualization
prototype—the data visualization itself, the accompanying text, the representation of artifactual form, and the storytelling elements—have
contributed to participants’ understanding and interpretation of the records’ transformation processes. Finally, we describe how the visualization-
based disclosure of record transformations influenced participants’ interpretation of the geographic visualization of student records. Finally, we
describe the limitations that participants mentioned concerning our visualization prototype.

6.1 General Impressions & Insights

Participants’ general impressions and insights they were able to extract from our visualization within the relatively short period of open-ended
exploration time revolve around three themes: (1) insights from the student and staff records and their geographic distribution, (2) the extensive
amount of time and labor that was involved in processing the University records, and (3) the importance of being aware of these transformations
when working with and interpreting such records.

University Students and Staff Geographies The final visualization of student and staff geographies before and after entering the University
led to a number of insights and raised curiosity among participants. For example, participants highlighted differences between the birth locations
of different student cohorts—those represented by the original records (mostly male students) vs. the female LLA students: “How much more
varied their [the LLAs’] places of origin are. That’s right down in the South of Ireland. And there’s the sisters... That’s interesting. We do tend to
have, you know, the association of being the family University.” [H2]; “There’s bloody a lot of them [LLA’s]. They’re not all in the UK as well
[...] way out here, and I think Austria, Switzerland.” [CS*6].

Participants also inquired about aspects in the geographic visualization directly linked to the exclusion of the LLAs. They were curious
about the lines connecting geographical locations (i.e., students/staff places of origin before coming to St Andrews and places they went to after
University) which were not present for the LLA student cohort, partially because of the remote nature of the degree, but also because the LLA
records have not been expanded with additional information. In this context, 3/12 participants noticed that a single LLA student whose career
path was represented on the map, even though most LLA records do not include career information: “I had a lot of questions about this [single
LLA career] that you answered. [ was very curious as to why only one person had a career after the LLA, but it turned out to be a record-keeping
issue.” [CS2]. This particular student started ‘proper’ studies at St Andrews in 1895, after the 1892 Ordinance* which allowed women around
Scotland to physically attend university classes. She did not gain a ‘proper’ degree, but later on started studying for her LLA and obtained it
in 1898. Because of her unfinished ‘proper’ studies, she was included in the official records and, thus, her student record was expanded with
additional information.

Time & Labor on the University Records. In terms of provenance, one of the main messages that 7/12 participants took away from the
visualization was the extensive time and labor that went into processing and transforming the University records over time. Representatives from
both participant groups—those with a background in history and those with a background in HCl/information visualization—emphasized how
these aspects are often invisible in the resulting dataset and/or its visualization, and yet how important they are: “It’s the story of the manual labor

“https://api.parliament.uk/historic-hansard/commons/1892/may/09/universities-scotland-ordinances



and how long it takes to produce these outputs. The number of different people involved. Working over successive generations, often bringing in
family members and a mixture of students and archivists. The job is really a sort of team effort over a century or more, which is something that 1
don’t think is often apparent to the end user.” [H*1]. “The work and the effort involved in the transformation processes, I think, the storytelling
aspect of that, really drives how much work goes into these different processes of digitization. And as someone that works with data in data
visualization, I sometimes kind of take it for granted that data is readily available. [...] even a simple visualization would take months of human
work to create the transformations required. So that’s really impactful for me.” [CS3]. Another participant, who was involved in the digitization
of the records, stressed the importance of the work done on the records pre-digitization: “The fact that this job of just transcribing handwritten
stuff and then gathering further information about these people takes so much more time and so many people, compared to the modern effort,
which admittedly, probably has more people attached to it, but for shorter periods of time. I was only there for a year at most. And none of the
work that I did and that you’ve done would have been possible without those [previous transformations]. What is it, 60 years of preparatory
work? Without Smart and without the Andersons, none of this would have been possible” [H*5].

Awareness of Record Curation & Transformation. When describing the insights gained from the visualization prototype, participants
often commented on the LLA student records which were—as highlighted in our visualization—missing from the original Biographical Register
of the University and only later included by us. In this context, 4/12 participants stressed the importance of being aware of record curation and
transformation and the inherent biases for the analysis and interpretation of records—something that they felt our visualization has achieved to a
certain extent: “I’m also doing work on gender bias, so I'm quite intrigued by the kind of existence of this [...] set of records that was found
during your work and the story that kind of comes out of that—of all these other women. Like this spike [in the timeline visualization] is just
really quite impressive to me. There has been [...] a lot of women that were very excited to be able to enroll in a university, even if they couldn’t
go in person. And so that to me just opens up a lot of future research directions and says a lot about what isn’t being included, and the kind of
information that we just don’t have, that limits our analysis and limits the ability to be certain about the kind of analysis we can do on historical
records.” [CS5]. “And it’s funny how these women are taken out of it [the initial Biographical Register of the University]. But the doctors who did
exactly the same thing, they didn’t study in St Andrews, right? They just sent off paperwork that their mentor wrote. He’s a good doctor, basically.
And, they get their papers. It’s the exact same thing. Right? But because they’re doctors, they get to be included. Or the honorary degrees. They
didn’t even do anything, and they get to be included, but then these women don’t get to be included because they don'’t fit the bias of what a
student should or what a university graduate should look like. And so I think the metadata and the context of the source is as important as the
source to make a complete analysis of something.” [H*5].

One participant emphasized that making the records’ past visible can help portray “how it changed over time, how many different sources of
different types of data there are, and how they could all be combined together to make a more complete set.” [CS*1]. Another participant even
highlighted that awareness and the ability to show the records’ transformations can help justify funding applications: “You also had to know how
the source got to you, and this is knowing how the source [...] came into existence. I think that’s a very important thing to keep track of and to
show, and also, you know, for funding reasons be like ‘look this took 60 years to gather. We're gonna need more money’.” [H*5].

These statements illustrate participants’ general impressions and insights and reveal that the visualization prototype was successful in
highlighting and creating an awareness of the extent of transformation processes that the University records underwent—both in terms of time
and labor, as well as curatorial decisions. Furthermore, the analysis of the interviews revealed no significant differences between participants who
took part in the previous study and those with no prior knowledge of our research. Below, we highlight the depth of participants’ understanding of
individual transformation steps and how different visualization elements contributed to this.

6.2 Understanding of Individual Transformations

The way in which participants were able to describe the individual transformation steps and speculate about their—potentially positive or
negative—impact shows that our visualization facilitated an in-depth understanding of the records’ transformations.

Transformations to Increase Research Potential & Accessibility.  6/12 participants mentioned that to them the records’ transformations
mean an increase in usability, accessibility, and research potential of the University records: “The intention [of each transformation step], I think,
is to make the data more usable, more accessible, and to allow different kinds of interrogation of the data by different audiences. Making use of
the forms of communication of the day, whether that’s a printed catalog, a database, an image on the screen, or a visualization.” [H*1]; “[...] it
seems like all these transformations are about improving access to information, making it easier for people to discover the records and do further
research on them.” [CS5]. The controversy about the importance of certain transformation steps (potentially due to participants’ background)
revealed participants’ in-depth understanding of these as made visible by our visualization. For example, one of the historian participants
highlighted the transcription of records as the most important transformation: “So manual transcription [...] is hopefully getting [the records] into
a form where it’s kind of readable. [..] It goes from being one document held in the archive. [...] you’ve got something that can be distributed
publicly where it can be consulted without damage to the original materials, and where it’s just much easier to read. It’s much more approachable.
So that is a massive, massive step forward. [...] and I think the moment you’ve made that step, you've got a resource that will be used by scholars
and that was probably the most important step.” [H3]. In contrast, a participant with a background in HCI/information visualization stated:
“Obviously XML makes it possible to be parsed via computer. It’s not obviously as useful as the database which came later, but it allowed it to be
computer-readable and can be understood by computers and because it can be understood by computers, you can get information out of that.
Make databases out of it, which they did later on. And this means you can do anything at that point. That transformation to the database, that was
the most valuable transformation because at that point you can analyze so much. [...] so like the percentage of students that were female versus
male and things like that, which you couldn’t do with the original data or any of the previous versions very easily.” [CS*1].

Transformation Downsides. Participants’ statements also reveal an awareness of the potential downsides of transformation processes. For
example, 5/12 participants emphasized that with each transformation, contextual information gets lost: “In terms of that book particularly [the
original Matriculation Roll], the way that records are kept is by class [year-by-year]. [...] So what you've got there is the ability to see: Who was
in class with each other? Who are the peers? Who was actually sitting next to ‘Andrew Lang’, when he was a student in the 1860s? That kind of
thing. And you don’t necessarily easily manage to get that information when you’re doing it through your database.” [H2].

3/12 participants highlighted a loss of context in terms of the human aspect which was present in the original records through individual
handwritten student and staff signatures (see Fig. 1 ): “I guess, the context sort of disappears a bit as you go through the transformations. You
know, when you look at this beautiful page with whatever lovely Latin is going on here, very nice slightly flex nib pen, it has a personality that is
missing from this lovely block of JSON.” [CS*6].

3/12 participants mentioned the potential introduction of errors as part of the record transformations: “I think it’s very, very important to
recognize that is the thing that is most essential [original Matriculation Roll]. That’s what everything is based on, and that is the thing that we



have to go back to and check because we’ve got to reckon. It’s possible that at every stage we’ve added an additional error.” [H2]; “There’s
always a possibility when you go from one format to the next that, I suppose, records are gonna be missed and some information might be left out
accidentally.” [CS5].

2/12 participants took it even further and emphasized that even the original records might have gaps we do not know about, hinting at the
missingness of the LLA records: “I’ve been working with some Al. We’ve had discussions about it, not actual Al, but like talking about the issues
with Al and the whole thing with biases and how that skews your data and skews your Al is relevant here as well because like without the LLA,
you’ve skewed the whole thing and you don’t even know it. Because it [original Matriculation Roll] looks like a complete register. But we’re
missing these women.” [H*5]; “I mean, because these are physical artifacts, that message about the data representing women’s presence in
academia, it’s very easy to think that when you have a nice, neat database that you have all of the data and that there aren’t things missing and
that when you're presented with this, it’s as it is. But having that book [original Matriculation Roll] and being able to see that there are two
separate books [original LLA records] and that there are holes in the information or differences in the way it was recorded gives you more of a
feel for just what was left out, and what might not be accurate, and what might be like, you know, the more human aspects of the data.” [CS3].

We discuss the impact of the different visual elements of our prototype in more detail below.

6.3 The Role of Different Visualization Elements

When asked about the role the different visualization elements—text, visualization, and artifactual representation—played in portraying the nature
of the transformations, 6/12 participants stated that they worked well in combination: “I guess, the text I'm sort of getting who did the work, and
more precisely, what it involved, and perhaps why it happened. From the visualization I'm getting when the work happened, how long it took, and
what section of the records is being worked on, and perhaps how it relates to previous work. And from the image, I'm getting some idea of what it
sort of might have looked like. The sort of manifestation of the transformation.” [H*1]. However, participants also commented on the role of the
individual elements.

The Role of the Visualization. 3/12 participants stated that the visualization element was the most useful for portraying the process of
transformations: “I think they [the different elements] worked nicely together. I think, having the visualization as the kind of focus and having the
images of different materials or the data as something that you kind of saw hints of, had to click to see [...] that put emphasis on the process
rather than on the output of the transformation, which seems like that’s what you wanted. At least that’s what I’'m getting from this whole visual
and the way that you have the captions and stuff on the side explaining the process. But I think at the same time having those photos is super
helpful because I don’t think the process would be as easy to understand the significance of without seeing that very first format of the records all
the way to the end. But I think the way the timeline is centered puts emphasis on the process of the transformations.” [CS5]. Even participants
with prior knowledge of the University records and their background found the visualization to be successful in portraying the background of the
records, and were able to extract new information: “I think the visualized version is more powerful than just a paragraph or text would have been.
[...] I knew about 3/4 of this story and, I think, [...] seeing it in the visualized version made me see things that I haven'’t really picked up despite
actually having quite a lot of the background information.” [H3].

That being said, walking the user through these transformations step-by-step; the storytelling element of the visualization, seemed to be a
key element in conveying this process. 4/12 participants explicitly commented on this: So in terms of the transformation of the data, the circular
visualization was definitely most useful. Well, given that I clicked through. I think if you just showed me the end results, I wouldn’t have any idea
what was going on, but they're kind of building up very well” [CS2]. “I like the layering of the history of the time. And then the way that it’s
kind of combined with this storytelling [...] you’re not just presented with all of the information at once. It’s really cool how it builds up [...]. It
tells a really interesting picture on the levels of details of the various pieces of history. But also it shows just how much work and how many
processes have gone into creating this data so that it’s usable in the digital format now. And that’s super cool. I don’t think you would get the
same appreciation of the work and the gravity without this build-up. Without the story.” [CS3]. “The way that you work through that gradually
and then steps to show it [the visualization] building up was really helpful. I think it might be quite difficult to interpret all those different things.
Coming at that full-diagram.” [H2]; “I think this graph [visualization element] shows it well and as you watch the graph being constructed, you
gain the ability to read the graph. I mean, if you were given this graph at the beginning, you have no idea what it meant. But the fact that you see
the graph being constructed, I think that it’s a valuable way to represent the data. [CS*1].

3/12 participants highlighted that the visualization element allowed for the comparison of transformations: “This one [the visualization]
was nice because I can compare the Andersons to the Smart to, you know, the work that was done. I don’t have to leave one behind to get to
the next.” [H*5]; “I quite like seeing the narrative of how things have progressed over time. I don’t think you necessarily see the connections.
1 think it’s helpful to have a visual representation of the things and how they’re connected. Having, you know, the script here from the XML
next to just an entry from a calendar [Smart’s records] or something, you wouldn’t necessarily make those connections. I think having this here
[visualization] helps you compare them.” [H*6].

This comparison also included temporal aspects as highlighted by 3/12 participants: “I think it’s interesting how much more quickly you’ve
been able to do the recent digitizing. I think honestly, coming at it from a historian’s eye view, I think that indicates on the one hand how
computers are quite quick at processing data. [...] I am not at all surprised that it took Robert Smart [expansion], the amount of time it did to do
that work. [...] I think what you’ve done is a really, really interesting visualization of how long it actually took for each project, and I think that’s
a really interesting story in itself. And I think the point you're making that there’s all these layers of work to get to the ultimate digital resource
that you've got, I think it’s a really interesting point and I don’t think we spend enough time either as the public or as historians talking about the
layers of work that we are reliant on.” [H3].

Other participants positively commented on our visual interpretation of the transformation steps, as highlighted in the visualization: “The
move from the scratchy to the more ordered, I think, is a really nice reflection of what’s going on over here. And I do like this sort of way of trying
to visually categorize what is going on between the different transformations, where the value added is in a particular transformation.” [CS*6]; “I
like the idea of seeing the continuity of the record creation visualized as a circle. That’s really helpful because I think that gives a sense of the fact
that this is an ongoing task which covers a whole set of years of the University’s history, but also is tackled in various times by different people.
1 think this gives a sense of continuity and effort and endeavor. So I really like seeing that portrayed in a circular fashion and being able to
visualize which aspects of the work on the collections were done at what particular time.” [H2].

Nevertheless, 3/12 participants (from both history and HCI/information visualization backgrounds) also admitted that the abstract nature
of the visualization element can cause confusion and requires more guidance and explanation: “I think with the central visualization, 1
would need your assistance to understand it.” [H*4]; “[The visualization is] a bit too abstract, but not everything lends itself so easily to
visualization.” [CS*4].



The Role of Text. Participants found the textual description alongside of the visualization to be useful, even essential, especially for users
unfamiliar with the historical records or the project: “I think it’s super useful information. It explains a lot.” [CS3]; “I think they [the descriptions]
were essential in that you need to have them to be able to understand what’s going on.” [H2]. Indeed, participants often used the text captions to
better understand the visualization and artifactual fom elements, even though one participant did highlight: “I think that a lot of this visualization
does speak for itself.” [CS*6].

7/12 participants, both those who were new to the project and those who participated in the previous study, found the text and the amount of
information to be helpful and sufficient: “I think as it is, it’s probably exactly what you need.” [CS*1]. One participant even felt the brevity of text
to be a feature: “I am quite happy with the snippets. Because it [the text] can get in the way of everything else [...] You get bogged down with how
they did it [the transformations], but it’s enough who did it, when they did it, and what they did is perfectly fine.” [H4].

4/12 participants would have preferred more information, also to better understand what is presented, if nobody was around to ask questions:
“I think I asked you a few questions, I guess, maybe I need a little bit more information because I wasn’t clear on a couple of points.” [CS2]. “I am
a words’ person. I will always want more words. [...] I always take more information, but I understand that not everyone likes words.” [H*5];

The Role of Representations of Artifactual Form. Our visualization prototype presents the impact of each transformation on the
records’ artifactual form/presentation (see Fig. 4). 3/12 participants stated that these photographs and screenshots—at least for some of the
transformations—were useful for providing context. One participant even described them as a “visual hook” that provides a better idea about the
transformation itself.

Much like the textual descriptions, participants thought the photographs and screenshots complemented the visualization: “This [visualization]
gives you a bit of a hint about what’s going on, but it’s kind of useful to actually see the difference in the structure of the data.” [CS*6]; “With
pictures like this, where you can actually see in practice what we start with; [...] that we start with this handwritten thing [the matriculation roll].
And then, we get the transcription by the Andersons and a couple of layers [...], and then you get the Smarts which looks different again. That will
help people who haven’t worked with it [the historical records] as in depth to kind of understand what these lines [in the visualization] mean in
practice. [...] You go from pure kind of old fashioned research into technology and digital tools. And I think without the images for a lot of people,
that wouldn’t make any sense.” [H*5]; “I think the visualization puts the emphasis on their process, but that process becomes more meaningful
and the significance of that process becomes easier to grasp when you have the digitized photos and screenshots on the right side.” [CSS5].

In contrast, 3/12 participants considered the photographs and screenshots as non-essential: “It wasn’t really as information-rich because it’s
Jjust a single screenshot.” [CS*1]; “I think probably this image, these screenshots added less than the other two parts. And, of course, they’re just
screenshots, so you're not really getting a sense of how they were created or used. So I'm not sure, I got that much from the image in the context
of the other two parts.” [H*1].

6.4 Provenance-Driven Visualizations as a Backdrop to Visualizations of Historical Records

As stated earlier, the provenance-driven visualizations (i.e., the gradually building circular timeline) can be considered as a backdrop to the actual
visualization of the historical records (i.e., the geographic visualizations) in that the user has to go through the provenance-driven visualization
before they can explore the records through the geographical visualization in a more self-driven and open-ended way. Participants appreciated
this approach that borrows from the ‘martini glass narrative’ visualization concept because it highlighted how the historical records shown in the
final visualization actually came into place: “[The provenance-driven visualization is] showing you all this information, all the transformations,
how the data went through all this process, but that last step, being able to move across to here [the geographic visualization] and then explore
the data... Even beyond just allowing you to explore the data yourself, it emphasizes the actual value of the whole process and what this whole
process has enabled. We couldn’t have done this with the original data or any of the earlier stages, but because the data is now transcribed
and digitized in a database, because of all this, just being able to go across to here [the geographic visualization] and say ‘This is the data,
now explore it!’... It emphasizes why this whole process was so valuable.” [CS*1]. Another participant stated: “I think [the provenance-driven
visualization is] a particular lens to look at the final visualization. And it’s a lens that doesn’t exist unless you do something like this. It’s very
easy for that stuff to get missed, and it is all part of the history.” [CS*6].

6.5 Limitations & Open Questions

Our way of combining the two visualization approaches also brought limitations and questions to the fore. For example, 3/12 participants pointed
out the lack of interactivity in the provenance-driven visualization; one cannot interactively explore the records in the circlar timeline. This was
supported in our previous provenace-driven visualization work [46] and it certainly is an aspect that should be incorporated in the future.

Our previous work revealed that while people seem to see the importance and merit of provenance-driven visualization, their mindset and
focus was still on the exploration of the information within the University records [46]. In this study, participants made similar comments,
although the positive impact of the provenance-driven visualization clearly came across. For example, one participant suggested: “I think you
could probably also do a different presentation which went straight into the visualization of the data. I mean, the record-keeping stuff might not
be as important to some people. [...] The record-keeping story is interesting, but I know from experience some people just want the answers, and
people’s questions might be still related to the individuals rather than to the trends. And so you have to choose your tool according to the question
that you're asking, I guess.” [H2]. Along similar lines, another participant stated that the exploration of the provenance-driven visualization would
be more of a one-off thing: “I think looking at this [the provenance-driven visualization] has made a very powerful point. [...] But I suspect |
wouldn’t consult that very often. I think, having seen it once or twice, it’s like, that’s a cool thing that made the point. But I've got the point now,
if that makes sense. So I would be interested in going back and looking at ‘OK, that data on the LLAs and where they came from and all that”. I'd
go back and look at that. |[...] Most of the time I wouldn’t be regularly consulting the story of the transcription of the records and the publication
of the records, unless, I suppose, you had a lot of information on the methodology, in which case I might possibly consult it for my own, as a
model for my own research projects.” [H3].

The same participant also pointed out that they were unsure about the farget audience of the provenance-driven visualization approach: “/
think it’s a really interesting resource which I enjoyed using, and I learned stuff from it. I think I suppose I'd have a question as to what the
intended audience was. Because I suspect the public would be much more interested in exploring the data and having a gateway into how to
research individuals within the university [...] I think there’s a lot of people who would be interested in the history of their families, and I think
you’d also find scholars who wanted to research things like, shall we say, women education or like ministers, relationships between people who
go on into various careers and their relationship with St Andrews [...]. I said my question is: ‘Who is the audience? Who is to be interested in the
story of what happens to the records beyond people working in the archives and museums sector and, to an extent, maybe university management
who have to listen to presentations from the archives and museums?’ I think that’s an advertising tool for what the archives do. It is really
good.” [H3].



7 DISCUSSION

Our study findings show that the combination of visualization, textual descriptions, and representations of artifactual form, paired with storytelling
techniques and animation, can make provenance not only visible but also a central element of discussion. Interview findings reveal that our
visualization approach brought across the time and labor involved in transforming the University records, and there is evidence that participants
gained a clear awareness of record curation and its potential impact on the interpretation of these records— all of these aspects are important
prerequisites for historical and archival research, critical humanistic interpretation, and knowledge production.

Our previous design approach [46] presented the provenance-driven visualization as a standalone interface that allowed for the detailed
exploration of transformation steps from a ‘birds-eye’ and individual record perspective. In contrast, our new approach combines different
representational elements with storytelling, where the provenance-driven visualization gradually unfolds and leads toward a more traditional
visualization of historical records. Comparing our study findings with those from the previous study shows that this new approach works better in
conveying an understanding of the records’ provenance. In our previous study, participants agreed on the importance of disclosing provenance,
but the provenance-driven visualization with its abstract nature was found to be unnecessary to those who preferred to simply focus on the
exploration of the University records’ content. In addition, while critical questions and reflections on the records’ transformations and curation
were brought up by participants in our previous study, they were much more concrete and pronounced in the study findings we have presented
here. Our findings show that participants thought critically and in-depth about the transformations, which was reflected in the variety of responses
regarding the increase of usability and research potential, the de/re-contextualization each transformation introduces, the decline of the human
aspects visible in the original records, the potential of error introduction, as well as the far-reaching implications of the decisions made as part of
the transformation steps. That is not to say that participants did not have any inquiries regarding the content of the records, but in comparison to
the previous study, again, their understanding of the records’ provenance (labor involved, decisions made, biases, time taken, etc.) was much
more pronounced and influenced their exploration of and comments on the geographic visualization of the records. Below, we discuss aspects that
contributed to this in more detail, address our research questions, and highlight questions our work raises for future research directions.

7.1 Visualization as an Entry Point to Provenance

Our previous work has highlighted that provenance-driven visualizations run the risk of introducing a level of visual abstraction and complexity
that can be difficult for participants to decipher—particularly if they are not familiar with the underlying information collection. While providing
context in the form of textual descriptions can help, these are often ignored if disconnected from the visualization itself. Therefore, in this paper,
we studied how to visualize provenance-related transformations in ways that can provide easier entry points into provenance exploration.

Our study findings indicate the following: (1) The combination of visualization, brief textual descriptions, and representations of artifactual
form helped participants gain an in-depth understanding of the nature of transformations (e.g., the changes applied and their duration, as well as
the people involved) and their (potentially positive or negative) impact; (2) Based on participants’ interactions and comments, the storytelling
and gradual build-up of the timeline using animation played a crucial role in helping to understand the nature of the transformations in a more
engaging way, as it emphasized the notion of a ‘process’ that led to the final, digitized version of the historical records we have visualized.

That being said, our approach still raises questions. The provenance-driven visualization we present in this paper is still quite complex (as
emphasized by at least two participants) and the level of visual abstractions requires some explanation. Future design research with other case
studies and different information collections is required to explore how to visualize the types of qualitative transformation steps we encountered
in the context of the historical University records. Furthermore, the exploration of storytelling elements that allow the interactive exploration of
transformation steps at a data level is another interesting avenue to explore in the future.

7.2 Linking Provenance Visualization with Visualizations of Collection ltems’ Content

In our previous work, we created two different visualizations—one provenance-driven and one geographic visualization of the University
records’ content—that were presented independently to study participants’ engagement and questions [46]. In a way, this resembles traditional
approaches where provenance-related information is presented separately (e.g., in textual or diagrammatic form) from the actual visualization of
the information collection. In the work presented here, we explored how to navigate the tension between the compact and abstract representation
of record transformations while still foregrounding the records’ content and artifactual form.

We decided to use the ‘martini-glass structure’ as a common storytelling technique in visualization to create a link between the provenance-
driven visualization and geographic visualizations of the historical University records. The provenance-driven visualization acted as a lead
or an entry point into the geographic record visualization, which, ultimately, meant that participants had to go through the provenance-driven
visualization before they could explore the records from a geographic perspective. This approach had a highly positive effect because by the
time participants explored the geographic visualization, they had acquired a strong sense and awareness of the character of transformations that
preceded this visualization—also reflected in their in-depth understanding of the transformations processes, time, and labor involved. The positive
effect of the provenance-driven visualization was also reflected in the ways participants critically interrogated the geographic visualization’s
content, which was clearly informed by the insights they gained from the provenance-driven visualization. While this form of narrative structure
can be applied widely across different case studies, it assumes a rather linear storytelling approach, which, as some participants stated, may not be
suitable for every use case. In fact, some participants were asking for more open-ended interaction approaches to interrogate the provenance-driven
visualization. These findings point to interesting future directions, where different storytelling and narrative patterns could be explored to link
provenance-driven and content-focused visualizations.

7.3 Applicability of Provenance-Driven Visualization

Both the previous and our current work point to the potential that lies in making provenance visible through visualization. As a visualization
community, engaging with questions around the constructed nature of data [14] and how we can represent, explore, and interrogate processes that
preceded their visualization, and even their digital form, is vital for critical discussions about visualizations and the data they represent. We
believe that provenance-driven visualization can be applied to most information collections and not only in the area of historical research. Future
studies can explore provenance-driven visualization by applying it to much more recent data and making it more versatile as a result.

However, collecting provenance-related information and making transformation processes of information collections visible can be a
non-trivial and challenging process, especially if the provenance information is qualitative, goes far into the past, and cannot be computationally
gathered. While we were fortunate enough that all the work on the historical University records had happened within a single institution, and we
were even able to interview some of the early archivists who had worked with the University records [48], it is not always possible. This raises the
question of how to construct provenance-related information in ways that enable their visualization? There is no easy answer to this question
as it strongly depends on the information collection in focus.



Interdisciplinary Collaborations. Our research would not have been possible without working closely and discussing our approaches with
archivists, librarians, historians, and visualization experts—invaluable questions, perspectives, and pointers derived from these conversations that,
for example, enabled us to include the missing LLLA students into the record collection.

Interrogating Use Cases & Existing Publications. Other ways of gathering provenance information systematically include the exploration
of previous uses of and publications around the given collection, i.e., the contexts in which they were used and described and/or the purposes
and audiences for which they were reconstructed. Furthermore, seeking out and studying possible metadata related to the previous iterations
of the information collection in question can provide invaluable provenance information. Such information can, for example, be found in the
prefaces of publications or ‘About’ sections of web pages around the information collection in focus.

Explorative Visualization Sketches. Another vital approach that helped us discover the past of the historical University collection was the
continuous sketching of visualizations to make the records and their metadata visible. Sketching involved the use of visualization tools such as
Tableau Desktop that allowed quick explorations of emerging patterns. It was one of these quickly built visualization sketches that first brought
our attention to the inconsistencies in the number of female students. The visualization sketch also facilitated discussions with historians and
archivists in our interdisciplinary network. Visualization can therefore not only provide invaluable pointers early on in the exploration process but
also act as a facilitator of interdisciplinary discussions, as highlighted in previous work [25].

Missing and Incomplete Provenance Information. There may be cases where it is clear that the provenance information contains gaps or
cannot be constructed at all. What is crucial here is to visually acknowledge these gaps, rather than dismiss them. This opens up the possibility of
using uncertainty visualization, which is a research area of high interest in visualization, and many approaches exist already [5, 31, 38,40].
Similarly, there is an increasing discussion about how to visualize missing information, which would apply to the idea of provenance-driven
visualization. With time, more resources can become available, reveal previously unknown transformations, and fill knowledge gaps.

Target Audiences to Provenance Visualization. A few participants in our previous and current studies raised the question of who is the
target audience for provenance-driven visualization, assuming that this may be relevant only for academics in certain fields (e.g., archivists or
historians). However, vast majority of participants in both studies found provenance-driven visualization insightful regardless of their background
and with this in mind, we argue that provenance is relevant to everybody who engages with data and related visualizations. Considering the
provenance of any information collection is crucial and should be part of any interpretation process, no matter in what context it is conducted.
Just as we teach media literacy from a relatively early age, we need a means of raising awareness that a visualization can be only as good as its
underlying data, which, in turn, is directly connected to the data construction, transformation processes, and underlying curatorial decisions.
Our findings show the potential of provenance-driven visualization as an approach that can provide perspectives and put people in an informed
position to critically discuss what they see in a visualization. From this perspective, provenance-driven visualization is relevant and applicable
across all sorts of information collections, not only in the context of history or the humanities at large. That being said, design approaches to
provenance-driven visualization may vary and we hope to see more design ideas and visualization prototypes emerge in the future.

8 CONCLUSION

To conclude, this paper presents a novel approach for studying and disclosing provenance in information visualization and digital humanities
using interactive data-driven visualization. Borrowing from well-established ‘humanities provenance’ and ‘science provenance’ approaches, our
provenance-driven visualization explores provenance from the point when information was first captured and studies (and gathers data about) all
subsequent transformations of this information, up to and including the visualization. Building on our previous provenance research [46], this
paper describes a follow-up provenance-driven visualization/study that solidifies the importance of not only looking back at the history behind
a visualization and its underlying dataset but also finding ways to show the changes, decisions, biases, and in/ex-clusions that accompany the
lifetime of any piece of information in a visualization/dataset. Our provenance research has shown far-reaching implications of this approach
for ethical, transparent, and critical digital research in information visualization and digital humanities but at the same time, it emphasized
the gaps these two disciplines, we argue, need to face. As a visualization community, we should ask difficult questions about the quality and
trustworthiness of the information we visualize and dig deeper into the past of what we show. By collaborating with experts who know the
visualized data from completely different perspectives and by finding ways to represent often very difficult-to-visualize qualitative data the past
has to offer, provenance can become a crucial source of critical insights and new research questions.
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