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Abstract

Contemporary scholars navigate complex workflows that involve
managing vast amounts of information, from literature and ex-
perimental data to manuscript writing. While prior research in
Scholarly Personal Information Management (Scholarly PIM) shed
light on scholarly information management practices, it has yet
to fully incorporate the concept of scholarly workflows into its
analytical framework. Our study addresses this gap by combining
a user survey with guided tour interviews to investigate how schol-
arly PIM practices work across scholarly activities. By introducing
the concept of scholarly workflows into scholarly PIM studies,
our preliminary findings provide an empirically grounded view
of contemporary scholarly PIM practices and challenges. Our re-
sults show that framing scholarly PIM within the full spectrum
of scholarly work advances the understanding of scholarly PIM
from a workflow-oriented perspective and might inspire the design
of future systems and user interfaces that better support scholars’
evolving information management needs.
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1 Introduction

Throughout their careers, scholars continuously gather and build
complex personal collections of research material such as printed or
digital archival documents [9]. As these collections expand, manag-
ing them efficiently becomes increasingly difficult, leading scholars
to gradually lose control over their research-related material. Cur-
rent research in this domain primarily stems from a subfield of
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Personal Information Management (PIM) known as Scholarly Per-
sonal Information Management (Scholarly PIM) [6, 8, 19, 26], con-
textualising PIM theory within an academic setting. It provides an
initial understanding of the fundamental concepts of scholarly PIM,
scholars’ information management strategies and tools, and the
limitations of their current practices.

Scholarly workflows refer to the series of interconnected schol-
arly activities that span the research lifecycle, from finding, storing
and analysing to writing, sharing and publishing [25]. However,
current research on scholarly PIM has yet to fully incorporate this
concept into its analytical framework. Our research objective is
to address this gap and investigate how scholarly PIM practices
work across scholarly workflows. To address this research objective,
we employed a mixed-methods approach combining a user survey
with a guided tour study. We asked participants to walk us through
their scholarly workflows and gathered data on their scholarly
PIM practices at each stage of the workflow. Our findings provide
an empirical, though preliminary, overview of current PIM practices
across entire scholarly workflows, highlighting strategies, tools and
challenges in managing diverse types of scholarly information.

2 Related Work

Personal Information Management (PIM) is broadly defined as the
practice and study of activities that individuals undertake to acquire,
store, organise, maintain, retrieve, use and distribute information
needed to meet life’s many goals [14]. Unlike conventional informa-
tion management, where information is organised by its intrinsic
properties, PIM is typically structured around users’ purposes and
tasks [10]. The most widely accepted PIM model by Jones [14]
conceptualises PIM as an ongoing effort to map information to
personal needs through three primary Personal Information Man-
agement Activities (PIM Activities): “finding/re-finding”, “keeping”
and “meta-level” activities. Meta-level activities include “organis-
ing”, “maintaining”, “measuring and evaluating”, “managing privacy
and the flow of information” and “sensemaking”. Personal Infor-
mation Management Practices (PIM Practices) refer to techniques,
methods or strategies of PIM that were initially selected by the per-
son to accomplish some purpose and are now a part of the person’s
PIM repertoire [15]. PIM practices can be seen as the concrete, situ-
ated manifestations of the more abstract concept of PIM sactivities.

A scholarly workflow is a series of purposeful processes for schol-
ars to conduct research from scratch [25]. These processes are also
known as scholarly activities, and different scholarly workflow
models have different definitions and classifications, such as find-
ing, storing and analysing information, as well as writing, sharing
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and publishing research outputs. Many scholars have examined var- research sta , academic faculty and industry researchers using the
ious aspects of scholarly work ows to develop models that describe Qualtrics platform. The survey consisted of four sections: (1) demo-
their structure and explain the interactions among their compo- graphic and background information, including gender, academic
nents. There are ve widely accepted scholarly work ow models  status and research discipline (Appendix A.1); (2) participants were
proposed by di erent researchers, comprising Palmer et al§ [ introduced to terminology covering 40 scholarly activities derived
model,Antonijevi¢'s [2] model, Bosman and Kramer'§][model, from ve established work ow models B, 5, 9, 13 20 and asked
Cooper and Reige'®] and Ince et al's 13 model. Although all to rate how accurately each term re ected their own scholarly
these studies focus on scholarly work ows, their emphasis and work ows (Appendix A.2); (3) from the set of 40 scholarly activi-
analytical perspectives di er. Some models, such as the ones by ties introduced in the previous section, participants were asked to
Antonijevi¢ or Ince et al., place greater emphasis on scholarly ac- select those activities that best re ected their current practices in
tivities related to the disciplines of humanities and social sciences. order to construct a personalised scholarly work ow model based
Others, such as Bosman and Kramer's model, place greater empha-on existing models (Appendix A.3); (4) participants were asked to
sis on the role of tools and technologies in scholarly work ows. describe their PIM practices step by step based on their own schol-
The concept of Scholarly Personal Information Management (Scholarly work ow models created earlier (Appendix A.4). Participants

arly PIM) builds on the general PIM framework and focuses on
managing scholarly information. Although the source of scholarly
information is often non-personal (public or shared), scholars en-
gage with it for personal purposes, such as their individual scholarly
career [L(, and manage it on a personal leved][ Even when en-
gaged in collaborative research, scholars typically manage their
own material independently]], which can be considered a form of
PIM. Bussert et al.g] described scholarly PIM as a distinct form of
PIM tailored to the needs of researchers. According to Bussert et al.,
scholarly PIM refers to the management of information directly
related to scholarly tasks undertaken by individuals such as re-
searchers and graduate students.

A growing body of research has examined scholarly PIM prac-
tices [3,6,8,9,11 19 20 24 2§. Existing studies generally follow
a similar approach: they begin by identifying common strategies
associated with the six PIM activities of nding, re- nding, keep-

ing, organising, maintaining and sensemaking in scholarly contexts.

For instance, note-taking is often considered a typical strategy for
the PIM activity of sensemaking in academic work. From these
strategies, researchers identify the PIM tools used, such as Citation
Management Tools (CMTSs). Further, they explore the limitations
and challenges of current practices, including di culties in manag-
ing both physical and digital material.

However, existing research on scholarly PIM practices faces a ma-
jor limitation: the lack of investigation into how PIM activities work
across entire scholarly work ows. Existing studies rarely examine
scholars' PIM practices in a stage-by-stage manner throughout their
work ows. In other words, little is known about how scholars man-
age scholarly information within and across individual scholarly

activities, as well as how these practices vary or evolve across stages.

This gap raises critical questions that merit rigorous, systematic
investigation: What are the current practices that scholars use to
manage scholarly information across scholarly activities? Further,
what challenges do they encounter in the process of conducting
PIM activities at each stage of their work ows?

3 Method
We adopted a mixed-methods research approach consisting of a

who volunteered for a follow-up study took part in a guided tour,
conducted online or in person, with audio and screen recordings
captured via Microsoft Teams. During the study, participants were
asked to share their screens to demonstrate their actual working en-
vironments and walk through their entire scholarly work ow. For
each scholarly activity, they were instructed to show how they use
existing scholarly PIM tools to perform relevant PIM activities and
to explain any challenges they encounter in the process. After each
phase of the demonstration, we asked some follow-up questions
and made targeted requests for additional demonstrations to gain a
deeper insight into their scholarly PIM practices. Each interview
lasted approximately 20 to 40 minutes.

4  Preliminary Findings

Our ndings are based on a rst round of data collection and NVivo-
based thematic analysis of survey responses, video recordings and
transcribed audio data from 28 survey participants and 10 guided
tour participants. Participants represented diverse disciplinary back-
grounds and scholarly statuses, with balanced gender representa-
tion (14 male, 14 female) and an age range spanning 18 64 years
(18 24: 5; 25 34: 12; 35 44: 4; 45 54: 5; 55 64: 2). In terms of dis-
ciplinary background, 18 participants came from Engineering and
Technology, 6 from Social Sciences, 1 from Natural Sciences, 1 from
Humanities and 2 other . Regarding their scholarly status, 1 was
a Postdoc, 12 were PhD candidates, 2 were Bachelor's students,
7 were Master's students, 3 were faculty members, 2 were indus-
try researchers and 1 other. Further, in the guided tour study,

9 participants were PhD candidates and 1 was a Postdoc.

4.1 Common Types of Scholarly Activities

Through analysis of coded survey and interview data, we identi ed
the three common scholarly activity types of collecting, curating
and creating shown in Table 1. Collecting scholarly activities focus
on gathering raw primary material (e.g. experimental data, survey
data and interview data) and secondary material (e.g. papers, books,
news and social media content) by searching external sources, ex-
tracting relevant information and storing it locally or remotely for

questionnaire-based user survey and a follow-up guided tour study. future retrieval. Curating scholarly activities centre on interpreting,

The questionnaire-based user survey was designed and distributedanalysing and processing raw material obtained during collecting
to participants all of whom were scholars, including undergradu-  activities to derive meaningful insights. In creating scholarly activ-
ate and master's students, PhD candidates, postdoctoral researchersjties, scholars transform material collected during collecting and
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Type Collecting Curating Creating
Searching [20] Reading [20] Writing [20]
Collecting [20] Analyse [2] Write [2]
Monitoring [20] Annotate [2] Cite [2]
Collect [2] Analysis [5] Writing [5]
Find [2] Analysing data, evidence or Publication [5]
Discovery [5] insights [9] Outreach [5]
Scholarly Collecting data, evidence or insights [9] Knowledge Management [13] Writing, presenting, sharing, engaging, seeking feedback [9]
Activities Information Literacy [13] Grant writing and fund raising [9]
Formulating research goals [9] Interpreting ndings and testing hypotheses [9]
Selecting data gathering and experimental methods [9]
Notetaking [20], Translating [20], Data Practices [20], Collaborating [20], Organise [2], Re ect [2], Archive [2], Communicate [2], Share [2],
Assessment [5], Conducting a literature review [9], Assessing ndings and conducting quality control [9], Collaborating or networking [9], Information
Management [13], Scholarly Communication [13] BT

Table 1: Scholarly activities grouped by the three identi ed types of collecting, curating and creating

analytical intermediate information from curating into mature re-
search output. These three types of scholarly activities constitute a

4.2.2 PIM Practices Related to Curating Scholarly Activities. Based
on our observation, scholars extract useful excerpts from source

high-level categorisation that encompasses the major phases of a material, and the most commonly reported keeping practices for

scholarly work ow. Notably, some scholarly activities span multi-
ple types, such as "Translating2()], which occurs across all three.
These activities correspond to what Palmer et &([describe as
cross-cutting scholarly activities, which are commonly co-present
alongside many other scholarly activities.

4.2 Current Scholarly PIM Practices and Their
Limitations Across Scholarly Work ows

In Section 4.1, we identi ed three common types of scholarly ac-
tivities covering the typical scholarly work ow, and subsequent
analysis of the coded data showed that PIM practices within the
same activity type often exhibit strong similarities. Thus, we cat-
egorised scholarly PIM practices into three groups: PIM practices
related to collecting, curating and creating scholarly activities. The
ndings presented below enable an initial, holistic examination of
scholarly PIM practices across entire scholarly work ows.

these excerpts fall into three strategies: (1) Annotations: excerpts
are retained as highlights within original les (e.g. PDFs, text doc-
uments, images); (2) Notes: excerpts are kept in standalone notes
through copy/paste, screenshots, links or paraphrasing; (3) Codes:
excerpts are kept in specialised qualitative coding tools.

The annotations strategy is widely adopted. PDFs are the most fre-
quently annotated material by scholars, with participants typically
relying on PDF viewers embedded in CMTs or standalone ones (Ap-
pendix B.2). Because annotations are tightly bound to their source
documents being embedded within and structurally dependent on
the original le formats they o er limited exibility for organising
and maintaining annotations as independent information units;
re- nding annotations is most commonly accomplished through
direct search within the document. This is also why annotations
inherently retain the excerpt's surrounding document-level context.
However, this contextual preservation is con ned to the annotated
le itself. Scholars often rely on external material as background in-

4.2.1 PIM Practices Related to Collecting Scholarly Activities. Foformation during reading and analysis, and contextual information

the keeping, primary material is typically stored as les in research-

beyond the annotated le is therefore di cult to retain, as existing

speci ¢ formats (e.g. CSV or mp4) on local or remote le systems. annotatior_1 systems typically provi_de only plaintext comment elds
Secondary material, such as academic papers (usually PDFs), igor recording external contextual information.

most commonly saved in le managers or in CMTs such as Zotero
(Appendix B.1). The practices of organising and maintaining are
closely intertwined with keeping, as storage locations largely de-
termine how information is organised and maintained, and these
processes across di erent storage locations remain independent.
For example, although PDF articles are organised and maintained
using folder hierarchies in both CMTs and le managers, these hi-
erarchies are not synchronised. As a result, scholars often replicate
similar folder structures and manage them separately. Re- nding
commonly relies on search, tagging or navigating structures such
as folder hierarchies. As can be observed, in collecting scholarly
activities, information is typically managed at the level of les or
documents when engaging in PIM activities such as keeping, or-
ganising, maintaining and re- nding. With respect to sensemaking,
scholars frequently reported that le managers and CMTs only
provide limited support for making sense of collected les. A key
reason is that scholars rarely engage in sensemaking at the level of
entire les or documents; instead, they tend to interact with and
make sense of more granular units of scholarly information.

The notes strategy is the most commonly adopted, with partici-
pants using both general-purpose authoring tools, such as Microsoft
Word, and dedicated note-taking tools such as Zotero's note module
and Obsidian (Appendix B.3). In general-purpose tools like Word,
excerpts are often stored via copy/paste, screenshots or paraphras-
ing. In contrast, in specialised tools such as Obsidian, excerpts are
more commonly stored via links to parts of the source material. For
organising, these tools typically provide le manager-like structures,
including folders and tags. Re- nding similarly relies on these or-
ganisational mechanisms or on keyword search. Unlike annotations,
excerpts in notes are decoupled from the original les. A major
limitation of this approach is that contextual information, such as
the original content, background information, and provenance, is
often lost during note-taking. When scholars rely on copy/paste
or screenshots, the original content is retained, but background
and provenance information is often lost. For paraphrasing, all
contextual information is missing because paraphrasing removes
explicit informational anchors to the source. When links are used,
contextual information can be preserved to some extent. However,
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current linking mechanisms are not easy to use and typically sup-
port only PDFs, with limited or no support for other media types.
As a result, excerpts stored in notes often remain disconnected from
their original source material, creating di culties for understanding
coherence and tracking provenance as research progresses.

The codes strategy was mentioned the least often and NVivo
was the only tool reported by participants within this strategy.
Coding tools support organising and maintaining by grouping se-
mantically related excerpts under shared codes. Re- nding can be
achieved through search or by navigating code labels. Such tools
preserve contextual information, but they are often perceived as

heavyweight and cumbersome, leading to a less satisfactory user

experience for everyday scholarly work.
All three strategies support sensemaking to some degree. During

sensemaking, scholars often draw on a variety of external represen-

tational formats. The most common form is linear text, but some
participants also employ structures such as mind maps, whiteboards,

Qi Xu and Beat Signer

interact with the information embedded in documents. For example,
a common scholarly practice is to highlight and annotate excerpts
of a research paper to extract and preserve key ideas by using tools
such as a PDF highlightei]. Similarly, researchers sometimes use
qualitative data analysis tools like NVivo to code excerpts from
interview transcripts or observational datal[]. Our ndings also
show that a common practice among scholars is to store excerpts in
notes for the purposes of analysis and understanding. These prac-
tices suggest that scholars may be engaging with more granular
units of scholarly information, rather than treating the document
or le as the unit of interaction.

Our ndings indicate that excerpts are commonly managed
through annotations, notes, and codes as information management
structures, rather than through more commonly used structures
such as folders or tags. While folders and tags, as conceptualised
by Jones 14, serve e ectively as grouping items for documents,
they are ill-suited for managing excerpt-level scholarly information.

node-link diagrams and tables/spreadsheets (Appendix B.4). Schol-In contrast, annotations, notes and codes emerge as the primary

ars reported that external representations support the understand-
ing of large bodies of material by enabling e cient identi cation
of salient information and maintaining an overview.

grouping item for excerpts, as they are better aligned with the
PIM activity of sensemaking than folders or tags. They provide
external representations such as schemas, diagrams, and tables that
support scholars in organising, relating, and interpreting informa-

4.2.3 PIM Practices Related to Creating Scholarly Activities. Peg,, [21, 23. However, current excerpt-level PIM strategies provide

sonal information management practices related to creating schol-
arly activities rely on di erent infrastructures depending on schol-
ars' authoring environments. When using local editors (e.g. Word),
scholars typically depend on le managers for information manage-
ment, whereas cloud-based editors (e.g. Overleaf) provide built-in
document management functionality. Participants did not report
major dissatisfaction with these PIM activities. However, during
creating, re- nding the necessary reference metadata for citation

limited support for e ciently preserving contextual information
associated with excerpts, such as original content, background in-
formation and provenance. In PIM research, the subjective context
principle suggests that information should be retrieved by the user
in the same context in which it was previously used, in order to
bridge the time gap between retrieval and prior us8.[For scholars,
such contextual continuity is essential for later understanding and
reuse of information, especially in scholarly tasks like synthedi§ [

was often cumbersome. Scholars were unable to directly access ajihqygh scholars can currently technically reconnect excerpts to

the corresponding source metadata from excerpts stored in notes;
instead, they had to use the source title recorded in the notes to
search for the reference again in a CMT in order to retrieve the
required metadata, making citation ine cient and labour-intensive.

5 Discussion and Future Work

Based on a rst round of data collection and analysis, we found
that incorporating scholarly work ows yields a richer understand-
ing of scholarly PIM practices and identi ed several noteworthy

source documents through creating links, these approaches are
often perceived as cumbersome and burdensome in practige [
This underscores the need for e cient, seamless context-aware
support in excerpt-level scholarly PIM tools. Overall, excerpt-level
information management remains underexplored in scholarly PIM
and calls for further investigation.

Our ndings suggest that several PIM challenges observed across
di erent stages of the scholarly work ow share a common under-
lying cause: information fragmentation. Unsynchronised folder

phenomena, as discussed below. In Section 4, we introduced andstructures during collecting, di culties in maintaining contextual

utilised the concept of excerpts, which we now explore in greater
detail. Our ndings suggest that when scholars engage in deeper
processing of scholarly information (curating scholarly activities),
they tend to work with excerpts as their primary unit of interac-
tion rather than with entire documents. This observation has also
been raised by other researchers. Qian et 28] prgue that a major
limitation of current CMTs is that they are designed around the
principle of treating research papers as the fundamental unit of
interaction. While papers, as a fundamental unit, re ect the for-
mal structure of scienti ¢ publishing, this may not align with how
researchers actually engage with literature during reading, anno-
tating and writing. In practice, scholars often need to work at a
more granular level than on entire documents. As Al-Omar and
Cox [1] note, the information in the document is more important
than the document itself . In scholarly activities, scholars primarily

information during curating, and the cumbersome re- nding ref-
erence metadata during creating, largely arise because scholarly
information is managed independently across di erent PIM tools,
which have limited ability to access or interoperate with one an-
other. Our analysis indicates that scholars rely on distinct PIM tools,
each of which employs its own information management structures
(grouping items) to organise content. These structures are often
incompatible, leading each tool to manage information in isola-
tion. As a result, scholars face substantial di culties in utilising
and managing information distributed across multiple PIM tools
throughout the scholarly work ow. Information fragmentation
has long been recognised as a central challenge in PIM research,
with prior work repeatedly calling for greater uni cation strate-
gies [10 14. In the scholarly context, our ndings highlight the
need to bridge PIM tools used across di erent types of scholarly
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activities and to integrate their information management capabili-
ties, thereby enabling more coherent and uni ed management of
scholarly information across the entire work ow.

Despite the insights yielded by this study, the current research de-
sign and process exhibit several limitations that point to directions
for future work. First, some participants, particularly those who
already possessed well-articulated personal scholarly work ows,
reported confusion when asked to select terms to build their own
scholarly work ow models in the user survey. For such participants,
imposing prede ned vocabulary may obscure rather than clarify
their practices. Future extensions of our study will therefore allow
greater exibility, enabling participants to skip certain question-
naire sections. Second, the participant sample for the guided tour

was composed largely of PhD candidates representing early-career

researchers. In future work, we seek to recruit a more diverse partic-
ipant pool for the guided tour, including researchers at later career
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[4] Ofer Bergman and Steve Whittaker. 2016. The Science of Managing our Digital

5

[6

[7

8

[9

]

=
k=1

stages, such as research assistants and professors. Third, although11]

our sample included participants from multiple disciplines, we did

not systematically analyse di erences in PIM practices across disci- [12]

plines. Preliminary observations suggest that humanities scholars
tend to rely more on general and even paper-based tools, such as le

folders, Word and printed articles, whereas science and engineering [13]

scholars more readily adopt digital and niche information tools,

such as Paperlib and Obsidian. In future research, we also plan to

examine how disciplinary background and factors such as technical [14]

literacy in uence scholarly work ows and scholarly PIM practices.

6 Conclusion

The primary contribution of this paper is to take a rst step towards

addressing a gap in scholarly PIM literature by introducing the con-
cept of scholarly work ows into the domain of scholarly PIM studies.
This integration opens new possibilities and o ers a fresh and valu-

[15

[16]

[17]

able perspective, enriching the scholarly PIM discourse. By framing [1g)

scholarly PIM within the broader context of scholarly work ows, re-
searchers are empowered to adopt a top-down, holistic perspective

that reveals how scholarly PIM activities are embedded across the [19]

entire scholarly work ow. This conceptual advancement not only
deepens our understanding of scholarly PIM practices from a holis-
tic, work ow-oriented perspective but also opens up new avenues
for designing tools and systems that more e ectively support schol-
ars' evolving information management and human-information
interaction needs.
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A User Survey Questionnaire

Note that the full, anonymised dataset containing the user study
and guided tour interview data, along with all the questions, is
available at https://doi.org/10.5281/zen0d0.18742313.

A.1 Example of Questions in First Section
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A.2 Example of Questions in Second Section
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A.3 Example of Questions in Third Section A.4 Example of Questions in Fourth Section
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B Example Screenshots from the Guided Tour Interviews
B.1 PIM Tools for Collecting Scholarly Activities

Figure 1: File Explorer (Windows le manager)

Figure 2: Finder (MacOS le manager)

Figure 3: Zotero citation management tool
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