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Figure 1: Patterns of hypertext-augmented sensemaking identified in our study: (A) explicit note types that match and advance
stages of sensemaking, and (B) associative navigation structures that overcome temporo-spatial information fragmentation.

ABSTRACT

The early days of HCI were marked by bold visions of hypertext as a
transformative medium for augmented sensemaking, exemplified in
systems like Memex, Xanadu, and NoteCards. Today, however, hy-
pertext is often disconnected from discussions of the future of sense-
making. In this paper, we investigate how the recent resurgence
in hypertext “tools for thought” might point to new directions for
hypertext-augmented sensemaking. Drawing on detailed analyses
of guided tours with 23 scholars, we describe hypertext-augmented
use patterns for dealing with the core problem of revisiting and
reusing existing/past ideas during scholarly sensemaking. We then
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discuss how these use patterns validate and extend existing knowl-
edge of hypertext design patterns for sensemaking, and point to
new design opportunities for augmented sensemaking.
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1 INTRODUCTION

In this paper, we explore the potential of augmented sensemak-
ing with hypertext. Sensemaking is the process of developing a
schema or representation of a problem or situation (often based
on data and materials) in order to make a decision or solve a prob-
lem [44, 48, 62]. Sensemaking is central to many human activities,
from everyday decision-making, to complex problem solving and
creative activities such as design, scientific discovery, and policy-
making. Hypertext is a technological medium that emphasizes a)
curating/developing atomic chunks of information, and b) link-
ing and composing these atomic chunks into larger information
structures (see [4] for a history of hypertext as a medium).

The early days of HCI were marked by bold visions of hypertext
as a transformative medium for augmented sensemaking. Consider,
for instance, Nelson’s [39] proposal for a hypertext file structure to
enable people to grapple with “the complex, the changing and the
indeterminate”; Engelbart’s [19] vision for hypertext as a medium
for augmenting (collective) human intellect; the gIBIS hypertext
tool for grappling with “wicked” policy problems [13]; and Ha-
lasz’s reflections on authentic usage of the NoteCards system for
augmenting knowledge work [25].

Today, however, hypertext is often disconnected from discus-
sions of the future of sensemaking. For example, hypertext is often
conflated with the World Wide Web [47]. On the Web, instead of
the more granular atomic chunks of information, and structured, bi-
directional links and compositional structures such as embedding
and transclusion, the primary node is the coarse-grained “docu-
ment”, and links are one way1 and do not describe the nature of the
link. Wikipedia — another prominent manifestation of hypertext
— is also quite document-centric over a single view of the hyper-
text, with limited usage of more advanced hypertext concepts like
bi-directional linking and transclusion [4]. When hypertext does
come up in relation to sensemaking, it is perhaps more common to
emphasize its pitfalls, such as providing more powerful vectors for
misinformation on social media.

Does the disconnect between the early visions of hypertext and
the discourse on augmented sensemaking today suggest that explo-
rations of the future of sensemaking focus more on novel technolo-
gies like Al and extended reality, and leave hypertext as a historical
footnote? For example, do the early commercial failures of hyper-
text systems like Xanadu [60], or the shift from repository models
to “people-centric” knowledge and expertise sharing systems in
CSCW [1], signal some fundamental flaw in the potential of hy-
pertext to augment sensemaking? Are the key open problems for
hypermedia described by Halasz et al [25] intractable?

Over the past 5 years, the rise of a new wave of consumer hy-
pertext note-taking tools like Roam Research?, Obsidian 3, Notion?,
and Tana® have brought these questions into sharper focus. Do
these tools represent progress on some of the open problems from

!Unless you pay for services that reveal backlinks to your website, or are technically
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the first wave of widely adopted hypertext tools [25]? Do use pat-
terns with these new tools suggest interesting new paths to the
future of sensemaking that involve hypertext?

We explore these questions with detailed analyses of guided
tours from people who use hypertext notebooks for scholarly
sensemaking (i.e., sensemaking where the core inputs are research
papers/ideas). We share specific use patterns that our participants
developed to deal with the core problem of temporo-spatial frag-
mentation of information during scholarly sensemaking: 1) define
explicit note types that match and progress through stages of their
sensemaking process, and 2) flexible and powerful structures for
associative navigation, such as hubs, indices, and incubators. These
patterns are built from classic hypertext primitives like granular
nodes and bi-directional links, but also leverage newer ones like
structure search (i.e., specifying queries over a hypertext network
based on both content, metadata, and the structure of the hyper-
text network), and mixed-initiative AI workflows that leverage and
contribute to participants’ hypertext structures.

Our results validate and extend existing knowledge of hypertext
design patterns for sensemaking. For instance, our participants’
indices and incubators enable more flexible linkage structures than
the strict hierarchical overviews of previous hypertext tools; and
their inclusion of structure searches in indices and incubators ad-
vance key problems around searching and querying in hypermedia
networks. Our findings also reveal future directions for hypertext-
augmented sensemaking, such as the need for more powerful end-
user programming [33] and mixed-initiative [30] mechanisms to
ease the cost of creating and using hypertext structures.

The chief contribution of this paper to the UIST community lies
in the detailed descriptions of new design and usage patterns for
complex sensemaking work in hypertext, a medium not often stud-
ied in HCI and UIST for sensemaking, and reflections on how they
might advance our capacity to solve longstanding HCI problems in
sensemaking and personal information management.

2 RELATED WORK

Our work is grounded in and extends the conversation in HCI on the
use of hypertext for augmented sensemaking. Because our results
focus on how users leverage hypertext to address the temporal
and spatial fragmentation of information during sensemaking, our
work also draws from and extends ideas in the area of personal
information management.

2.1 Models and Tools for Sensemaking

We situate our research in HCI models of sensemaking, such as
Russell et al’s cost structure model [48], and Pirolli et al’s Notional
Model of Sensemaking [44].

Two core insights from these models inform our work. First,
requirements for the nature and extent of tooling support for sense-
making vary by the particulars of the task [23, 62]. For example,
depending on the task, structuring representations such as hierar-
chies, facets, timelines, and networks might be needed [23]. In this
work, we are particularly interested in useful representations and
tools for complex, open-ended sensemaking, such as scholarly syn-
thesis [46] of prior literature to formulate new research problems or
theories [53]. Second, sensemaking work heavily involves foraging
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for information [44, 48]. This foraging work involves retrieving
external sources of information to kickstart the sensemaking pro-
cess. But the process of sensemaking itself iteratively shapes and
is shaped by foraging: as the sensemaker constructs and develops
their overall schema, they frequently loop back over previously re-
trieved information materials, reflect on how they compare to their
schema, and integrate them into their schema. Material that does
not “fit” a current schema — called “residue” in Russell’s Learning
Loop Complex model [48] — can spur reflection and revisions of the
schema. Importantly, this foraging process operates not only over
external resources (e.g., in a search engine over the Web), but also
over a range of previously found material that have gone through
varying levels of processing and structuring, such as highlights and
annotations on previously read papers.

HCI research has explored a range of designs for supporting
sensemaking. For example, researchers have explored affordances
for comparing and adding structure to data in spatial canvases [54],
structured tables integrated into a Web browser [9], and graph-
based visualizations [12]. Other research has explored supporting
foraging amongst external sources, integrated browsers extensions
for structuring and annotating web sources during sensemaking
[34], leveraging information from existing paper collections and
notes to suggest web queries [43] or structure search results and
recommendations from external sources [10, 31]. Closer to our fo-
cus, some past work has also explored how to support re-finding,
reuse, and resumption during sensemaking. Some solution patterns
include enabling users to add lightweight and flexible annotations
and structure to information materials to aid reuse for downstream
sensemaking [8, 29, 35], automatically including various levels of
context and provenance for information materials in order to facili-
tate reuse [27], or recommending previously encountered materials,
such as prior analyses [40] relevant to current sensemaking tasks.

Our work advances HCI research on sensemaking by connect-
ing the concerns of foraging in sensemaking with problems and
solutions in personal information management, as well as with
empirical descriptions of “in vivo” use patterns in novel hypertext
tools for refinding and reusing information during sensemaking.

2.2 Personal Information Management

Because sensemaking involves foraging over internal sources, prob-
lems of refinding and reusing information overlap with problems
in personal information management and knowledge management.
Much of this literature focuses on how people manage emails and
tasks, personal photos and music, and various documents [5, 57].
There is also a robust thread of HCI research on the information
management practices of “knowledge workers” [32] — including
those doing open-ended complex sensemaking such as designers
[15, 17, 51] and scientists [27, 41, 42, 55]

Our work here connects with two core themes from this lit-
erature. First, information is typically fragmented across many
different tools and devices [6, 24, 55], making it difficult to (re)find
needed information [27, 51]. Second, typical organizational struc-
tures in digital tools — folders and search — are often insufficient
solutions for the fragmentation problem [24]. Many people prefer
incremental “orienteering” strategies — navigating towards their
information goal in small steps, adjusting/narrowing their query
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based on contextual information at each step — instead of direct
(keyword) search [56]. Folders and categorization systems can also
be burdensome to maintain or conflict with personal styles [36]. The
rigid hierarchies of folders may also conflict with the open-ended
nature of complex sensemaking work [24], or the need for multiple
forms of organization, such as topical and chronological views [41]:
in such cases, efforts to structure and organize information may
actually impede — rather than augment — sensemaking. Yet, a lack
of structure altogether impedes refinding and reusing needed infor-
mation [27, 51]. The dream for truly flexible organization systems
for complex sensemaking is not yet reached.

Here, we show how users construct sophisticated structures for
refinding and reusing information without complex hierarchies or
extensive search, instead leveraging hypertext to support flexible
“orienteering” [56] through previously encountered information
during sensemaking. Our descriptions also complement technical
HCI work on methods for link-based approaches to refinding and
reusing personal information, such as surfacing and visualizing
logical dependencies between files [24].

2.3 Hypertext and Augmented Sensemaking

Our work is rooted in original visions of augmented sensemaking
with hypertext, exemplified in proposals and tools like Xanadu [39];
Engelbart’s [19] vision for hypertext as a medium for augmenting
(collective) human intellect; and spatial and argumentation-based
hypermedia tools for grappling with “wicked” policy problems, such
as gIBIS[13]. Early waves of hypertext tools — some from academia,
such as NoteCards [26] and HyperTies [52], and some from indus-
try, such as Apple’s HyperCard — saw authentic, extended usage
for sensemaking work and personal information management, re-
sulting in rich empirical descriptions of long-term usage patterns
[20, 25, 59]. Reflecting on these long-term deployments, Halasz [25]
described key open issues for the next generation of hypermedia
systems, including the need for more dynamic (vs. static) data struc-
tures, enhanced search and computation over the network, and
enhanced collaboration.

More recent work in hypertext — particularly in HCI — has de-
parted from these early visions. An increasingly large proportion
of research on hypertext now focuses on the World Wide Web (and
related technologies, such as social media) [3, 47]. In partial recog-
nition of this trend, the flagship ACM Conference on Hypertext
was renamed in 2012 to the ACM Conference on Hypertext and
Social Media (emphasis ours) [3].

Separate from the research literature on hypertext, our work
responds to the emergence of a new wave of general-purpose "hy-
pertext notebooks" over the past few years. These notebooks im-
plement core hypertext primitives such as granular subdocuments,
and bi-directional hyperlinking as a central organizing principle,
as opposed to top-down hierarchies of folders and tags. There are
also some interesting differences in affordances and values of these
communities: for example, several tools, such as Roam Research®,
Logseq’, and Tana®, implement hypertext in an "outliner" format,
where individual bullets are uniquely addressable subdocuments

®https://roamresearch.com/
https://logseq.com/
8https://tana.inc
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that can be interlinked into knowledge and organizational struc-
tures; others, such as Tinderbox’, implement visuo-spatial hyper-
text structures; some, such as Obsidian!? and Logseq, emphasize
privacy and data ownership, overlaying hypertext on plain text
markdown files; and some, such as Notion!! and Tana, natively
emphasize combining linked notes with highly structured views
like databases and timelines. These tools have substantial userbases,
on the order of hundreds of thousands to a few million users, many
of whom have been using these tools for a number of years.

We see a valuable opportunity here to observe and document
real use patterns and impacts from usage of these tools, which may
be meaningfully different from mainstream digital tools that are
often the focus in empirical HCI research. These use patterns may
also extend what was learned from usage of the earlier waves of
hypertext tools like NoteCards. As far as we can tell, this opportu-
nity has not yet been realized in the HCI community: some users of
these tools have written essays to argue for the potential benefits
of these tools for improving scientific work [16, 45], and these tools
have begun to show up in passing mentions in (formative) empirical
research of information management practices: for instance, one
participant in [27] reported using Obsidian, though the details of
their usage are not described.

We will discuss from our results how the open problems from
the first waves of hypertext tools [25] remain or are addressed in
the new wave of hypertext tools, and connect with other powerful
design concepts in HCI, such as mixed-initative systems [28].

3 METHODS

To address our research questions, we conducted guided tour studies
[21, 58] with 23 scholars, with a focus on how they use tools to
augment their sensemaking work.

3.1 DPositionality

All authors of this paper are active users of some of the hypertext
tools studied in this paper. In addition, the second, third and fourth
authors have participated in creating resources for their respective
user communities, such as blog posts, Twitter threads, Youtube
videos, and software extensions for the tools. This positioned us
well to recruit suitable participants, and understand the nuances of
the features and use patterns they share with us.

3.2 Participants

Our core sample was 16 participants who used new-generation
hypertext notebooks for scholarly sensemaking. We purposively
sampled from our direct contacts in the user communities of our
respective tools (specifically Roam Research and Obsidian), as well
as through social channels where the user communities gather, such
as tool-specific Slacks and Discords (which we were able to access
as active users), and on social media. We supplemented this core
sample with a purposive sample of 7 participants who did scholarly
sensemaking with “mainstream” tools, such as Google Docs. For
analysis purposes, this supplementary sample includes one partici-
pant who used a hypertext notebook, but without using any of its

“http://www.eastgate.com/Tinderbox/
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hypertext features (e.g., not linking notes). Table 1 describes our
core and supplementary samples in terms of the tools they used for
their sensemaking work, and the general domain or research area
of their scholarly work. For clarity, hypertext-using participants
are prefixed with “H-", and non-hypertext users with “NH-".

3.3 Procedures

Guided tours were conducted remotely via video meetings. Partic-
ipants first described the research directions for which they are
conducting sensemaking work , which grounded the guided tour
of their sensemaking practices. Then, they shared their screens
and walked through their sensemaking workflows. Throughout,
we asked follow-up and probing questions about changes to their
workflows/systems, sources of structure and the forms of artifacts,
and remaining pain points. Each interview lasted approximately
1-1.5 hours. All procedures were approved by our institution’s IRB.

3.4 Analysis

All guided tour recordings were transcribed in full. We then con-
ducted thematic analysis [7] of the transcripts alongside the screen
recordings. Specifically, the first author performed open coding on
the transcripts and captured screenshots of participants’ shared
screens displaying their work processes, and iterated on the codes
through discussion with the other authors. For example, early
bottom-up open codes focused on lower-level use patterns like
linking and querying. Later, through constant comparison [14], dis-
cussions, and memo-ing, we iteratively induced higher level themes,
like the “hub” and “incubator” meta-use patterns, and core problems
like “spatial fragmentation” and “temporal fragmentation”.

4 CONTEXT: CORE HYPERTEXT PRIMITIVES

To contextualize our core results, we first share a brief primer of
key primitives of the hypertext notebooks our participants used.

Note Pages and Blocks. Note pages are often the smallest unit
of the hypertexttools in our study: they are often the primary “node”
that can be hyperlinked and composed into larger hypertext struc-
tures'?. Each note page can contain one or more “blocks”. Blocks
can be a line or paragraph of text, or a bullet point in an outline.
Importantly, in some tools like Roam Research and Logseq, blocks
can also act as a unit for linking. And in some tools like Tana, they
are the only unit for linking: Tana has no concept of pages.

Links and Contextual Backlinks. Links connect related note
pages or blocks together. A typical way to construct links is to write
a ‘wikilink”, which is a string enclosed in double squared brackets
(e.g., "[[Linked Note Page Title]]"). In some tools, users can also
create links between notes using “Markdown links”, which are sin-
gle square bracket-enclosed text followed by parenthesis enclosed
URLs (e.g., [Link Name](AddressOfLinkedFile.md)). Clicking on
these links will bring up the targeted note page.

Importantly, in these hypertext tools, links are not just one-way.
Instead, these tools surface “backlinks” for a given note/block, which
are other notes/blocks that link fo that focal note/block. Backlinks
are often populated by a native query system that searches for

2In  hypertext parlance, these correspond to the concept of a “lexia™
https://www.technorhetoric.net/1.2/features/eyman/lexia.html
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Table 1: Participants and tools in our sample. “H-” and “NH-” prefixes denote hypertext and non-hypertext users.

Participants Occupation Research Interest and Direction Tools
H1 Independent Researcher Cognition, Learning, and Creativity Bear
H2 Research Fellow Politics and Economics Logseq
H3 Independent Researcher History Obsidian
H4 PhD Student Embodied Cognition and Language Understanding Mindomo, Notion
H5 Professor Scientific Information and Digital Publishing Zetllr, Cosma
Heé PhD Student Computational Neuroscience Tana
H7 Professor Computational Biophysics EMACS with Org-Roam
H38 Professor Cell Biology Roam Research
H9 Research Staff Cell Biology Roam Research
Hi1o0 PhD Student Organizational Behavior Roam Research, Tana, LiquidText
H11 PhD Student Older Adults and Caregivers Logseq
Hi12 PhD Student Interaction between Language and Cognition Tana
Hi13 Professor Film Studies Roam Research, Freeplane
H14 Professor Digitally mediated Music Engagement and Learning Obsidian
H15 PhD Student Computational Neuroscience Notion
Hie Post-Doc Researcher Health Research Roam Research, Logseq
NH1 Independent Researcher Expertise and Management Ulysses
NH2 Researcher, Operator Biology and Longevity Blogs,Notion
NH3 Professor Innovation and Economics Blogs
NH4 Professor Crowdsourcing and Citizen Science Printout, PDF Reader
NH5 Startup Founder Applied Math and Psychology Google Docs
NHé6 PhD Student Natural Language Processing Google Docs, Google Sheets
NH7 PhD Student Computational Creativity in Music Obsidian

other note pages that contain an outgoing link to the current note
page. These backlinks are usually displayed as part of a tool’s user
interface, separate from the content of a note page/block. Some
tools like Roam Research display backlinks at the bottom of a note
page; others like EMACs with Org-Roam display backlinks in a
separate window. In some tools, backlinks are a hidden feature that
requires extra effort to turn on. For example, Obsidian requires
users to select the "Backlink in Document” option in its setting
menu display backlinks at the bottom of a note page; otherwise,
backlinks are hidden in a tab in the right side panel. Bear originally
had no native backlink feature, so our participant H1 built his own
Bear plugin to enable backlinks!3.

A common feature that distinguishes the backlinks from earlier
generations of hypertext is that they are contextual: they display
backlinks in the context of the surrounding text in which the link
appears. In contrast, mediawikis (which power Wikipedia, one of
the more common manifestations of hypertext) display backlinks as
a list of pages that link to a given page (without surfacing the con-
text of the mention). In block-based tools like Tana, Roam Research,
and Logseq, users are also able to traverse additional context of
backlinks through their parents in the outline hierarchy.

Structure Searches. Different from direct searches, structure
searches retrieve past notes using attributes and structural features
of a note (in addition to its content), such as metadata, tags, and
(importantly) hypertext structure, such as parent/child relationships
between blocks, or links between note pages/blocks. We describe

3Recent updates of Bear now incorporate backlinks as a native feature

this feature as structure searches after Halasz et al’s [25] description
of the need for such a feature, as distinct from simple “content-based
search”, such as full-text search over the contents of each note in the
hypertext notebook. These structure searches can be constructed
using the native query language of the underlying database (e.g.,
datalog for Roam Research and Logseq), native query-building
features (as in Tana), or with software extensions that enable users
to write native queries in a user-friendly interface, such as the
QueryBuilder extension for Roam Research!4.

Node and Link Typing. By default, many tools do not enable
users to add formal “types” to their nodes and links. As we will
see later in §5.2, users enact a form of node typing using note title
prefixes. A notable exception is Tana, which includes a Supertag
feature. Unlike normal tags, applying a supertag to a Tana block
turns it into an “object” 15 enabling the block to be associated
with a set of structured fields according to the supertag’s schema.
These fields can be populated with single values, but also with links
to other Tana blocks, as well as embedded structure searches. In
this way, supertags enable users to create typed nodes and links
natively. A similar functionality is present in Roam Research with
the QueryBuilder extension, which allows the user to specify formal
node types and link types to use in structure searches.

Canvas. Some hypertext tools enable users to add or embed
notes in an infinite canvas and draw connections between the notes.
Users can follow links to the original notes from the canvas, just as if

Yhttps://github.com/RoamJS/query-builder
https://tana.inc/docs/supertags
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they were linked to a regular note page. In this way, they are a form
of spatial hypermedia, similar to HyperCard or gIBIS [13]. Canvases
that are native features of the hypertext notebooks (as in Obsidian
and Logseq) usually allow users to place (or link to) note pages on
the canvas. Not all tools, however, recognize the connections on
the canvas as formal links/backlinks: one exception is the canvas
feature in Roam Research (e.g., Fig. 2), enabled by the QueryBuilder
extension. In QueryBuilder’s canvas, users can create formal typed
links between nodes (according to a user-defined schema), and
these links are recognized in Roam as typed (back)links.

Graph View. Graph views are visualized networks of note pages
and their interconnections. Some tools enable users to display 2nd-
or nth-order links (e.g., notes that are indirectly connected to the
current note by 2 or more degrees of separation) Obsidian, Roam
Research, and Logseq natively support displaying the connections
between note pages using a graph view.

5 RESULTS

Our results are fourfold: we describe 1) the nature of our partic-
ipants’ sensemaking work and the core problem of temporally
and spatially fragmented information (§5.1), 2) the temporal
dynamics of our participants’ sensemaking work and how they
manage temporal fragmentation and develop ideas over time by
creating, retrieving, and developing different note types (§5.2), 3)
how participants created associative hypertext structures —
hubs, indices, and incubators — to manage temporo-spatial frag-
mentation (§5.3), and 4) how these hypertext use patterns contrast
with how non-hypertext users deal with fragmentation (§5.4).

5.1 The Core Problem of Temporo-Spatial
Fragmentation of Sensemaking Work

As we might expect, participants shared different ways that they do
active, in-the-moment sensemaking, using work patterns reminis-
cent of prior work, like spatial canvases, and comparing things on
the screen across multiple tools. H8’s workflow for active sensemak-
ing illustrates this pattern well: his lab uses a shared lab notebook
in Roam Research to record evidence and claims from papers along-
side results and conclusions from experiments. Figure 2 shows a
canvas used to make sense of a biological model alongside asso-
ciated questions, hypotheses, and evidence. All cards are linked
back to note pages in Roam Research, which enabled him to draw
connections between cards, make sense of information from the
paper, and relate claims and evidence to their research questions
and hypotheses in the shared lab notebook.

However, the majority of our guided tours were spent discussing
“meta-work” required to get into a position to do this active sense-
making. In particular, our analysis of the use patterns the partici-
pants described clustered around a common problem of revisiting
and reusing ideas, either before or during an active sensemaking
session. This core problem was expressed in terms of temporo-
spatial fragmentation of sensemaking work.

5.1.1 Temporal Fragmentation of Sensmaking. Participants described
how sensemaking work naturally fragmented over time due to vari-
ations in available information, time, and energy. For instance, H1
described how he created a short question-style note to record his
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Grounding Conte:

Figure 2: H8’s active sensemaking of a biological model and
associated claims (green), questions (yellow), hypotheses
(blue), and evidence (red) on an embedded canvas in Roam
Research. All colored cards link back to actual note pages
(shown here on the right panel).

uncertainty about the evidence in a paper he was reading, as a form
of “just-in-time note-taking”. He emphasized that this short note
would not be the end of note-taking, elaborating:

"...if on a given day, I'm writing about retrieval practice
and transfer learning, or I'm consulting that [question
style] note, or I'm finding myself curious about that
[question]... but not in a very predictable timeframe.
This terrain pile will kind of get churned through. And
the rest of the material will get incorporated.”

Many other participants, though, experienced temporal frag-
mentation due to distractible environments and interruptions, and
often experienced the fragmentation as a drag on their sensemaking
work. For instance, H2 described how his sensemaking was often
interrupted by other concurrent responsibilities he faced from his
job: "I'm writing but I'm also managing people but I'm also in the
organizational strategy stuff, and I'm hosting one or two podcasts
a week and so it’s it’s a lot of things dragging my attention." This
distractible work environment impeded his ability to maintain a
stable line of thinking on large projects:

“I found what I need for a big project: I need momentum.
But that momentum, you know, through things outside
of my control gets derailed pretty quickly. And then
by the time I get back to it, I have like changed my
mind about the whole project and how I want to be
approaching it.”

H14, an associate professor of music, echoed a similar sentiment
of how time got "scattered” during normal semesters. And NH3
similarly described how misalignments in sensemaking context
between the current and the past required him to go "back to the
original source because the context noted down when reading the
source does not match the final use context."

This temporal fragmentation was closely tied to an expressed
sense of fragility of relying on memory for ensuring retrieval of
relevant information artifacts for active sensemaking, as exemplifed
by our non-hypertext participants. For instance, NH7 had a less
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distractible environment primarily focused on one research project,
and did not create or use links to tie note pages across large projects
together, instead relying on memory to return to what was most
important. This approach, while sufficient for present purposes,
was tinged with a background fear of forgetting: "“Am I scared
of forgetting things? Yes, I think, probably. But is the fear of not
remembering greater enough than my inhibition to actually put in
the work? No, not yet...that threshold hasn’t been crossed.”. NH3
similarly noted, “it might be hard for me to rediscover [interesting
things I've seen] in two years”. This fear of future forgetting was
clearly underscored in NH1’s recollection of “deep regret” for not
making annotations on a book that was important for his research.

5.1.2  Spatial Fragmentation of Information Artifacts. Participants
also described a tension between the required centralization of in-
formation artifacts for synthesis and the reality of spatial fragmen-
tation of these information artifacts across a range of “information
scraps” [6] and tools.

Information could be spatially fragmented between a primary
note-taking tool and a mobile note-taking tool. For instance, H3’s
primary note-taking tool was Obsidian, but she would use Otter.ai
to create audio memos of “literally just me talking to myself in
the car” while picking up her son from daycare. Similarly, NH5
primarily used Google Docs to record notes for writing, but strayed
from this when on the go: “whenever I have a thought about it, I
Jjust have a place in my phone, a notepad, and put it in there.” Even
within a single tool, information was often fragmented such that
users frequently needed to do active search and retrieval work to
find relevant notes. For example, H1 told us, "I kind of go around
my system and look for some other places to link to this (note page),
because it’s come up in a number of places.” Similarly, H3 needed
to go over all her notes "in case I came across something else that is
relevant...That happens all the time."

One cause of this fragmentation was a lack of organizational
structure. This was often expressed by our non-hypertext partic-
ipants, who showed multiple places for keeping notes, often de-
scribing a sense of messiness or chaos in their personal information
management system. For instance, NH6 stored “think things” in a
very ‘disorganized and freeform way.” This spatial fragmentation
led to frequent mentions of the difficulty of retrieving relevant
information artifacts. In a previous iteration of his workflow, NH3
maintained a single note page in Roam Research to centralize all
reading materials he found interesting on the Internet. Unfortu-
nately, this note page gathered too many reading notes and became
too long, making reading materials spatially fragmented in the ver-
tical direction of this note page. During the interview, NH3 tried to
find the one that appropriately triggered his memory when looking
at a reading list in his abandoned Roam Research notebook, and
complained, “They get buried. I'll never find them again.”

But spatial fragmentation could also be a result of the temporal
fragmentation of sensemaking. For instance, H14 kept "To Sort"
folders in DevonThink to temporarily hold newly added PDF docu-
ment, with an intention to later move these PDF documents to a
more specific categorical folder; he later admitted, "you could tell
that’s a lie because I have stuff going actually 8 years ago (in this
folder)." Similar to H1, NH5 had these "just-in-time" notes when he
had an idea in mind and iterated them into more coherent essays
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over time. These notes "capture[d] a lot of stray thoughts over a long
period on the topic". However, this "just-in-time" note-taking created
hundreds of draft notes in his Google Drive. He said, “as you can
see, I have like 130 unreleased finishes, that’s just not great.”

As we will describe next, our participants developed a range
of use patterns — leveraging key hypertext primitives like back-
links and structure searches — to overcome this temporo-spatial
fragmentation of information.

5.2 Managing Sensemaking over Time with
Explicit Note Types

One recurring use pattern amongst our hypertext participants was
the creation and management of explicit note types. This use
pattern had considerable range in its expression, from simpler,
manual approaches like naming conventions and metadata, to more
sophisticated, semi-automated approaches like note schemas.

A core property that interested us was how participants’ note
type distinctions mapped to key stages of development in the sense-
making process. As various models of sensemaking have outlined,
sensemaking often progresses in loops of foraging and sensemaking
over information artifacts that increase in their level of structure
at the cost of increasing levels of effort. For instance, in Pirolli et
al’s [44] Notational Model of Sensemaking, intelligence analysts
focus initial foraging efforts on searching and filtering external data
sources into a “shoebox” of potentially relevant data, from which
they read and extract information into an evidence file; later sense-
making activities schematize this evidence into a set of schemas and
hypotheses that is eventually woven into a coherent presentation of
a resulting case or story. Similarly, Qian et al [46] described how
scholars would forage over initial in-source annotations on scholarly
papers, from which they would develop per-source summaries, and
eventually weave these into cross-source synthesis notes through
sensemaking and synthesis work.

We similarly observed our participants creating explicit type
distinctions between in-source annotations, per-source summary
notes, and synthesis notes. For simplicity and continuity with rel-
evant previous models, we describe this as a progression from
external sources to source notes, to summary notes and syn-
thesis notes, all of which are explicitly typed and integrated into
hypertext workflows. As we will see later, enacting these note types
within a hypertext notebook not only enabled our participants to
track and manage the state of their thinking as it fragmented over
time; it also unlocked powerful workflows for retrieving spatially
fragmented information artifacts for active sensemaking.

5.2.1 From Source Materials to Summary Notes. A key early step
in our participants’ sensemaking workflows was the distillation of
information from source materials, such as research papers, into
summary notes: notes and comments on source materials.

A key distinguishing property — in contrast to marginalia in
non-hypertext workflows — was that these summary notes were
separate from the original source material; instead, these manifested
as specific types of notes in participants’ hypertext notebooks. Par-
ticipants had different names for these notes, calling them literature
notes, lecture notes, reading notes, and finding notes. Futher, in
some workflows, participants would create source notes to repre-
sent source materials as reference-able, link-able objects in their
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paper, with in-line link to a supporting quote in the source note for
that paper

(E) HB's synthesis permanent note, with in-line link back to the summary literature
notes that inspired it

Figure 3: Canonical examples of explicit note types our participants enacted to match and progress the stages of their scholarly
sensemaking, from source notes (A, D), to summary notes (B, D), to higher-level synthesis notes (C, E). Note how each later note
type frequently included links back to note types from earlier stages.

hypertext notebook, which would provide more immediate access
to provenance and metadata; other participants kept source ma-
terials separate from their notes, and were content with a textual
pointer — such as a citation — to the source materials. All summary
notes we observed, however, had the same core function of cre-
ating compressed information representations — with associated
provenance tied to source material — that could then be used in
sensemaking work within the hypertext notebook.

H8 and H9’s “evidence notes” (summarizing a single empirical
result from a paper) and “result notes” (summarizing a single empiri-
cal result from one of their lab’s ongoing experiments) are canonical

examples of summary notes. These note types were enacted using
naming conventions — pre-pending "[[EVD]] -" to evidence note
titles, and “[[RES]] -" to result note titles. By convention, evidence
and result note titles also appended a hyperlink to the source note
pages, encoding a preview of the provenance of those summary
notes, and more details in the body of the source notes accessible
one click away, if needed. Figure 3B shows one example evidence
note: "[[EVD]] - Hyposmotic shock increased plasma membrane ten-
sion within 10s of seconds - [[@roffy2021passive]]" can be traced to
the source note for the ‘roffy2021passive’ paper (Fig. 3A).
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H6’s “literature notes” are a closely related type of summary note:
each note is an atomic summary of a key idea from a research paper
(see Fig. 3 D). H5’s “lecture notes” also summarize a single idea as
described in a particular source, often with quotations from the
text. In both cases, users enacted note typing with special metadata
rather than naming conventions: in H5’s case, a note type field, and
in H6’s case, a Tana “supertag” (which applied a “#literature note”
type schema to his literature notes).

Some participants used semi-automated workflows for efficient,
standardized note typing: for instance, H5 would create his notes in
a command-line utility that would auto-fill metadata, including the
note type; for H6, adding the “#literature note” supertag marked as
a literature note type, with associated metadata and fields; H8 and
H9 used a software extension that allowed them to mark snippets
of text with a note type by highlighting the text and triggering a
shortcut which would then create a new summary note with the
appropriate prefix and metadata, as appropriate.

5.2.2  Consolidating Summary Notes into Synthesis Notes. Later
stages of sensemaking for our participants were marked by the cre-
ation and development of synthesis notes that expressed higher
level insights, conclusions, concepts, or hypotheses. These were of-
ten constructed from, or in response to, one or more summary notes;
and sometimes woven together from other synthesis notes. As with
summary notes, synthesis notes had different names and manifesta-
tions in participants’ workflows, such as topic notes, concept notes,
question-style notes, project notes, and write notes. Similarly, syn-
thesis notes were typically marked explicitly as such, using similar
mechanics of naming conventions or metadata/schema.

One example of forming synthesis notes from summary notes
can be seen in H6’s adaptation of a networked note-taking approach
for sensemaking called the Zettelkasten, or “slip box” [2, 22]: he
would use one or multiple literature notes to form a permanent note
(Figure 3E), which he said were atomic notes — often expressing
his own original ideas, or articulations of important ideas in his
own words — that are ready to use in his writings in the future.
H6 found it important to formally distinguish between these note
types by applying a Tana “Supertag” for either “#literature note”
and “#permanent note”. As we will see in §5.3.2, this formal typing
enabled H6 to construct powerful views of his notes using structure
searches that leveraged this note type metadata.

After a literature note was used to form a permanent note, H6
would then mark the literature notes as archived in the Archived
field of "#literature note" Tana Supertag. By doing so, only unpro-
cessed literature notes will appear in his topical index alongside
permanent notes (Fig. 5A). These permanent notes and unprocessed
literature notes would become materials for his writings. H5’s work-
flow included a similar archiving dynamic for some summary notes;
he described how “eventually what [he’d] like to do is dissolve them
into concepts, ideas, insights, everything. And maybe don’t even have
those lecture notes again.”

Hypothesis notes are another example of synthesis notes from
H8 and H9’s note-taking system, instantiating what they learned
from source materials and their previous knowledge (see example
in Fig. 3C). H8 created hypothesis notes after going across different
source materials, saying "if there isn’t a satisfactory claim, we’ll label
the claim as a hypothesis. But it’s sort of our best guess." Instead of
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directly combining information from different sources, the forma-
tion of hypothesis notes marks the synthesis of what is unknown.
These hypothesis notes would then "operationalize” their research
questions. He elaborated, "It’s sort of directing us towards conducting
some experiments that would give us the answer to the question or a
more satisfactory answer to the question." H8 said using the "[[HYP]]
-" naming convention helped them "have a good sense of how to
test the hypothesis.", calling these hypothesis notes “actionable dis-
course nodes”. H8 expressed that “(in) absence of a system like (Roam
Research), it’s just too much information to try to process.”

H8 and H9’s hypothesis notes demonstrate an interesting dy-
namic between synthesis notes and source materials: the production
of synthesis notes from existing source materials pushed them to
plan for the action of getting new source materials (i.e. designing ex-
periments and collecting data). This dynamic encloses the material
loop between source material, summary notes, and synthesis notes.
This life cycle of notes was echoed by H1 (described in more detail
in §5.3.3): “It’s usually inspired by some question that I have, both
because that’s kind of the new nucleation site for the synthesis, and
also because it tends to be the generator for the reading queue.” This
enclosed life cycle of note types depicts the material side of sense-
making. Source materials, summary notes, and synthesis notes are
tied to — and indeed are the substance of — different stages of par-
ticipants’ sensemaking work. They are both a representation of and
aresponse to the temporal evolution of sensemaking, and enable
our participants to keep track of the various stages of their thinking
over time. Indeed, the explicit note types signals the level of devel-
opment of a given information artifact, such that when the user
returns to it, they know what they can do with it, and what needs
to happen next, if any (e.g., summary notes need to be consolidated
to synthesis notes; synthesis notes can be directly used in active
sensemaking on a canvas or in a draft to make outputs). But they
also exemplify how discrete information artifacts in a hypertext-
based note-taking system could be. In the next subsection, we will
describe how participants utilized hypertext affordances to interact
with these note types and manage transformations between types
of notes, deal with temporo-spatial fragmentation, and push their
scholarly sensemaking work forward.

5.3 Extending Associative Navigation with
Hubs, Indices, and Incubators

Participants described using their tools’ native link and backlink
features to overcome the spatial fragmentation of their notes across
different pages and folders within their note-taking system. By
navigating through this associative structure of their hypertext
notebook, participants were often able to retrieve information that
was hard to search for. Beyond these simple associative structures,
however, participants often constructed specialized information
artifacts that extended their ability to associatively retrieve infor-
mation that was fragmented across their hypertext notebook.
Here, we describe three recurring patterns:
(1) Hubs: empty note pages that use backlinks or queries to cen-

tralize distributed information artifacts.
(2) Indices: manually constructed note pages that contain links to

a set of related notes, as well as descriptions of the nature of
the information being linked to.
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Figure 4: Canonical examples of hub notes that are contentless, but whose backlinks provide context-rich waypoints to related

information scattered in a hypertext notebook.

(3) Incubators: note pages where participants add and describe
links to other notes, and also add a temporal or developmental
dimension, such as distinguishing between stages of maturity
of ideas, articulating open questions or tasks for further devel-
opment, or maintaining the provenance of information on a
timeline of activity.

5.3.1 Hubs. A hub is a note page that is linked to from multiple
other note pages, providing a waypoint to other note pages via the
hub’s backlinks. Users typically create a hub note by creating a link
to it in a target note, rather than creating it separately with its own
content: the hypertext notebook then creates the page separately,
and populates its backlinks section with a link from the current
note. Thus, hubs typically contain no manually typed annotations
or notes: instead, they are empty note pages that are constructed
automatically through backlinks.

A representative example of hubs is H7’s case of using back-
links on an empty note page. H7 was a professor at a university
in computational biophysics, using software called EMACS with
Org-Roam as his personal notebook. He created an empty page
(Fig. 4A2) for the topic "Agent-based models" that elicits backlinks
(Fig. 4A1), elaborating that "(it) has no other purpose than being
the hub for topics." H7 would then reference this hub note in notes
on articles he collects and reads, thereby creating links between
that page and those articles. The "Agent-based Models" hub page
would then be an access point to these other resources — such as a
page on "computational scientific models" — via its backlinks. These
backlinks provide more than lists of pages that links to the cur-
rent hub note: instead, they show the rich context of the backlinks
via the text that surrounds the link to the hub note. This context
provides additional information about the nature of the link, as
well as in-line access to related information. In this way, each of

these backlinks can in turn can be traversed to other information
artifacts, such as important authors (e.g., "Thomas Schelling"” under
the backlink for "Dynamic models of segregation”; Fig. 4A1) as well
as other articles or topics of interest. Describing this process, H7
said:

"When I get some new item in my database...about
agent-based models, I make sure to put a link to agent-
based models. So there are empty pages, basically, in
my wiki, having no other purpose than being the hub
for topics.”

Most hubs follow a similar pattern: for example, H5 and H16 also
create empty note pages to maintain connections (H16’s example
shown in Fig. 4B); and H8 and H9 create empty project pages that
collect information about a project via its backlinks.

5.3.2 Indices. Participants also created indices, which centralized
links to other notes in a more structured and descriptive manner,
such as annotated links in the body of the index note page, or
structure searches displayed in the form of lists and tables; this
intentional, active structuring contrasts with the more passive,
structureless nature of hubs, that provide a flat list of waypoints to
other note pages via backlinks.

Indices can be as simple as elaborating a hub note manually
with links in the body of the note page. For instance, H10 manually
created an index of topics on an index page, ordered in alphabetical
order, to “gather together all of the topics that interest you until you
can refine them further.” (see Fig. 5C).

More commonly, our participants would construct and main-
tain indices in a semi-automated manner by embedding structure
searches. The structure searches extend the functionality of the
native backlink queries, which are essentially a flat query for links
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(A) H6's semi-automated index of permanent synthesis notes and
summary literature notes populated by structure search for each topic
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to the note; structure searches, by comparison, enable more so-
phisticated sorting and filtering by different semantic categories
or even types of relationships. One striking example of such semi-
automated indices is H6’s topical index. H6 was an advanced PhD
student in Computer Science and Neuroscience. He created an in-
dex of topics in Tana to manage literature notes and permanent
notes that are core to his sensemaking process (see Fig. 5A). This
list of topics gathered spatially distributed literature notes and per-
manent notes. As we described in Section 5.2.1, literature notes
were texts that summarize and comment on the quotes he captured
from papers and articles, tagged with the "#literature note” Tana
Supertag. Permanent notes were texts that consolidate ideas from
literature notes, followed by "#permanent note" Tana Supertags.
These permanent notes would be directly reused in his writings
later. H6 would use this topical index to filter notes he took in the
past by topics on this note page and have everything ready at hand
for active sensemaking, such as when writing the introduction or
related work for a grant or research paper: ‘T would open this (topical
index). It would be like, "Oh, this sentence I would like to use in this
manuscript” and then I would copy and paste."”

Hé6 had a sophisticated mixed-initiative approach to maintaining
this topical index. The index itself was a structure search of all
“#topic” notes; indented under each topic were structure searchs
for literature and permanent notes whose topic field included that
topic. While H6 could manually populate these topic fields when
creating literature or permanent notes, he would more commonly
use an Al-assisted approach: his "#literature note" and "#permanent

note” supertag structures included a “Set Topic” button, which,
when clicked, would trigger an OpenAl routine to automatically
populate the Topics field of that literature or permanent note with a
topic note based on the content of the permanent note (see Fig. 5B).
Importantly, H6 said, "I have set up the command for OpenAl..to,
if possible, use a list of topics I already have." This enabled him to
control the complexity and consistency of his topic index.

H6 also used Tana Supertags to structurally query notes for
creating an idea index and paper index, so he could view past ideas
and track his reading process. Other participants (H8, H9, H11)
similarly used structure searches to create indices that monitored
where papers were mentioned, gathered specific note types, and
dynamically retrieved open TODOs.

5.3.3 Incubators. Our participants also created incubators: note
pages where they more actively added information and links to
other note pages over time. Compared with hubs and indices, in-
cubators include richer information than associative connections,
reflecting participants’ most up-to-date thoughts on a project, a
topic, a concept, or a question. Participants described how they
made notes and comments in the incubators over time. Incubators
were therefore critical constructs for dealing not just with spatial,
but also temporal fragmentation, of sensemaking work.

One salient example of incubators is H1’s log-type notes for
recording questions and monitoring experiments. Log-type notes
are a type of note page that records notes in chronological order.
H1’s log-type notes would include entries organized by date over
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prompts remembered in-essay

Users of barely seem to experience a
, at least over the timespan of a month, at least for items which
they initially remembered. (By contrast

)

Three key experiments support this so far: the
: i trial, the 2021 forgetting curve
experiments (within-user), and

t]] (between-user).

For more on the first, see

One possible explanation
But
lends additional evidence that this doesn't
explain what's going on. The median user in each condition is admitting
that they've forgotten roughly 15% of prompts. Sure, maybe they're
lying to some degree, but they're admitting to forgetting plenty. Why

doesn't this figure vary?

experiments

See . [12C )3)] and
for more; excerpts:

(conditioned on a correct first answer)

To what extent do people “lie” when
spaced repetition prompts?

A spaced repetition algorithm can only work well wh

feedback allows it to reliably map their knowledge s ORDUNEID
“cheat" when self-grading prompts? In what situations? Do they lie

more often when a prompt is particularly old?

data suggests that lying isn't totally ubiquitous.
We carfsee, for instance, that
Soif there's a lot of lying,
we might not have absolute measures of accuracy, but at least we have
relative measures. And we can still compare two conditions to see
relative differences in behavior, so long as we'd expect the same

distribution of cheating in both conditions.

But one problem even for the relative approach is that cheating may be
time-dependent". Maybe people start out mostly honest but
eventually just “phone it in” and increasingly mark stuff as

remembered

We do know that this time-dependent lying isn't complete, since when
we surreptitiously insert questions readers have never seen before,
they are much more likely to mark these questions as forgotten:
t
t So we can still
certainly get some signal... the problem is more that if there's a time-
dependent effect, we must be very careful in comparing accuracy

numbers across conditions.

This is pretty remarkable.

This data supports Yy ._/
€ t P al t
for the case of questions answered correctly while reading

the essay, but not for those forgotten. Still quite surprising.

N accuracy
433 0.8637413394919169 3

7069 0.8390154194369783

Backlinks

delta

tion:
* One possible explanation:

But
5 ent]] lends additional evidence

that this doesn't explain what's going on. The median user in each

dition is admitting that facaott hiv 15% of

Can it just be people lying? | don't think this data can support that: the

(A) H1 recorded thoughts about a research
project over time in a log-type incubator note

(B) A linked synthesis finding note
synthesizes results from the project

(C) A linked synthesis question note
synthesizes alternative explanations
for the finding note

Figure 6: An example of a manually-created, log-type incubator note from H1, linking to and discussing links to other
information over time to make sense of ongoing research questions and results.

time (see Fig. 6) and were the go-to place for H1 to keep track of his
thoughts: he described this type of note as “something that I come
back to again, and again, asking for help, monitoring experiments
and whatever.” Describing his log-type incubators’ rich contextual
structure and dense links to other notes, H1 said:

“It’s connected to a bunch of these findings and ques-
tions...[and] these so-what headlines will bubble up
into things like this. And there’s some even higher level
things in (it).”

More interestingly, the hypertext links in H1’s incubators are
not in the form of short noun phrases as in Wikipedia, which is
only several words long, but in the form of complete sentences that
summarize the key idea of the linked page in a succinct declarative
statement. Using other plain text that surrounds the hypertext links,
H1 provided even more details and context of why he chose to link
in a particular note page. For example, the surrounding text for
the inline link to a synthesis finding note (Fig. 6B describes how
the linked finding note provides further support for the current
observation; an inline link from that finding note to another ques-
tion note (Fig. 6C), along with its surrounding text, elaborate on an
alternative explanation for the findings.

H1 further described how the interlinked note pages of findings
and questions revolving around the log-type notes enabled him to
manage the temporo-spatial fragmentation of his sensemaking:

“The idea is that synthesis is happening here. It’s over
time rather than over space — across papers where thou-
sands of words in here are bubbling up into these kinds
of medium-form things which are getting connected
to some papers sometimes... And eventually, this will
become some large publication.”

Highlighting how this incubator log-type note helps address tem-
poral fragmentation, H1 further elaborated, ‘T haven’t updated this
(log-type note) in a year or so. But it still applies pretty well.”

Incubators in H1’s case took advantage of hypertext and plain
text, weaving a complete record of his thought of thinking. As we
saw in this example, log-type notes became the center for H1 to
go back to temporally fragmented sensemaking work and gather
spatially separated information artifacts, pushing H1’s scholarly
work forward. In H1’s words, the log-type notes are “usually inspired
by some question that I have, both because that’s kind of the new
nucleation site for the synthesis, and, also because it tends to be the
generator for the reading queue.”
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Group Meetings

#Future Lab Meetings
* **If you talked last in a previous meeting, make sure you put yourself higher on the list for the next meeting! **

New nodes created this past week!

Text T i@ Type Y Date Y o (] Edit Query |

Layout
pping with capping Result August 17th, 2023 Y Filters
iab hange the
: Q search
s simulation
[[@cytosim pendent capping in endocyt
simulation]] - [ eriment]] FIND WHERE G
Rows per page: 10 clause & node & isa Any Discourse Node ]
clause & node % created after One week ago o
]
Nodes updated in the past week not & node & isa Source =
“® Create Today's Meeting AS Creator SELECT Author i
August 17th, 202 AS Type SELECT Type o
. AS Date SELECT Created Date
"Can't let it go"
Query 3¢ Add Condition +  Add Selection +
Lab Undates

(A) H8 and H9's incubator group meeting notes page

(B) The structure search for pulling in information into the incubator can be

customized to satisfy different information needs

Figure 7: An example of a semi-automatically constructed incubator note: a group meeting notes page that incorporated a
structure search to pull in related information, but also including manually curated links and information over time.

Similar to H1’s largely manual, active construction and devel-
opment of his incubator, many other participants manually main-
tained incubators that integrate content about key ideas, quotes
from source materials, and participants’ comments on these ideas
and quotes. For instance, H10 — in contrast to her more passive
and stable indices — incrementally built her project pages, course
pages, and definition pages over time in Tana, by building links with
source pages at different levels of abstraction, and even outlining
some thoughts in the incubator. In her own words:

"I’'m not interacting with a direct source. But I'll start
to outline certain things there. And then I'll actually
differentiate, so the next thing I like about this is that I
have like a history of workplace conflict that’s, I'd say,
very abstract. It’s at a more abstract level. And then, I
get a bit more space. So here are different definitions."

H14 also kept verbatim quotes and key ideas on a concept page
and used links to connect these quotes and ideas to his source pages
on an infinite canvas page in Obsidian. H13 used topic pages and
reading source pages in Roam Research to keep ideas, comments,
and quotes. H15 used Notion to actively gather, organize, and elab-
orate on links to — and quotes from — note pages about a range of
topics and resources relevant for an ongoing concept she was re-
searching for her PhD thesis. And H9 maintained experiment pages
as incubators, not only logging details of her ongoing experiments
in a chronological structure, but also linking to and elaborating
on relevant pictures from a physical lab notebook, images from
experiments, and related question/hypothesis/evidence pages. This
cluster of related cases illustrates the range of variation in types of

structures within incubators, from chronological or developmental
progressions, to levels of abstraction, to types of resources.

As with indices, however, incubators could also be constructed
and developed in a semi-automated fashion. H8 and H9’s group
meeting note page is an example of this pattern (Figure 7). On
top of the group note page is a table view of query results that
HS3 could filter through to retrieve relevant past group notes for
writing. Different from indices, the group meeting page captures
information created by different members of the lab over time,
collectively incubating ideas for the entire lab. The key element
of this page was the record of meeting notes (Fig. 7A). The query
shown in Figure 7B was just a part of the incubator that provided H8
and his team a quick view of what they had produced over the past
week. This example highlights that an incubator can be composite.
Features from hubs and indices could be seen in incubators. The
incubator can even evolve from indices and hubs.

5.4 Managing Temporo-Spatial Fragmentation
without Hypertext

Our identification of hypertext hubs, indices, and incubators sensi-
tized us to notice that our non-hypertext participants also created
artifacts similar to indices and incubators (but not hubs).

For example, some participants, like NH2, constructed tables
to make indices of the papers they collected, recording metadata
like the name, URL, summary, publication year, and local context
like keyword tags and the date added. In Notion, these keyword
tags could be used to filter out papers about specific tags: as NH2
elaborated, “you’re doing a filter by that, look at those papers, right,
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the section, the big intersection, and then complete section by section.”
Some other participants created lists to index information artifacts.
For example, NH7 created a reading list as a note page in Obsidian,
which included hyperlinks to the PDF files of the papers, different
from associative connections between different note pages in a
hypertext notebook. NH3 created a list of article ideas for future
writings in Microsoft Word, ordered by priority.

Participants also tracked the status of information artifacts with-
out using hypertext, marking an alternative life cycle of information
artifacts. This could be accomplished with local color-codes, labels,
or tags. But some strategies also increased spatial fragmentation: for
instance, NH6 tracked the status of her reading notes in part based
on where they were stored: in a Google Sheet, an annotated bibliog-
raphy of a selective set of readings in a Google Doc (organized by
the order of her planned writing work), and in Overleaf documents.
Expressing the spatial fragmentation of this strategy, NH6 told us,
“It’s just a lot of information to keep track of as I'm synthesizing. But I
also needed to know all of the details. So, trying to look at this (Google
Doc) document and then think about what’s similar between these
papers is really difficult. Like disorienting kind of. So then going from
these (copying annotated bibliography to Overleaf).”

6 DISCUSSION

In this paper, we explored the potential of augmenting sensemak-
ing with hypertext, by analyzing in-depth guided tours of scholars
who use new hypertext notebooks for their scholarly sensemaking
(and comparing their experiences and use patterns to scholars who
use non-hypertext tools such as Google Docs). We were particu-
larly interested in comparing use patterns from this latest wave of
hypertext notebooks to use patterns (along with the open issues
identified) from the first generation of hypertext tools [20, 25, 59].

Our results reveal how the core problem of temporo-spatial frag-
mentation of information is a bottleneck to sensemaking, and a rich
set of use patterns in hypertext that enable scholars to address this
core problem. These use patterns — managing sensemaking over
time with explicit note types, and extending associative navigation
with hubs, indices, and incubators — reveal two key design patterns
for hypertext-augmented sensemaking:

(1) empower users to flexibly define explicit types of information
artifacts that match — and incorporate rich affordances for
progressing forward through — the stages of their sensemaking

process, and
(2) empower users to construct and use dynamic associative navi-

gation structures.

6.1 Implications for Hypertext Support for
Sensemaking

6.1.1 Extending known hypertext use patterns. Some of our identi-
fied use patterns echo what has been observed in earlier waves of
hypertext use patterns, but with added nuances.

For example, hubs, indices, and incubators as associative navi-
gation structures are reminiscent of overview-type notes from the
previous generation of tools, such as Browser or Filebox cards in
NoteCards [25], and Table of Content notes in Proteus [20, 59]. But
there are some important nuances. For instance, the backlinks are
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more granular and contextual, in part due to the often more declar-
ative note titles (e.g., for summary and synthesis notes), and the
block-based structure of tools like Tana and Roam Research that
expose the outline hierarchy position of note references in the back-
links. The indices and incubators we documented also have more
flexible structures compared to the strict hierarchical organization
in previous hypertext tools. In our participants’ workflows, notes
can have many-to-many relationships, including multiple “parent”
notes. The incubators, too, jointly address both temporal and spatial
fragmentation by providing an integrated way to retrieve informa-
tion across the hypertext notebook, while also managing state (e.g.,
by logging progress over time, or distinguishing between materials
that are of different stages of development). Finally, we observed
participants leveraging powerful structure searches in their indices
and incubators, and integrated them with Al-powered workflows
(e.g., H6’s Al-powered topic tagging workflows that drew from and
contributed to his central topical index).

Separately, our participants’ flexible specification of note types
is reminiscent of the ability to specify new node types in previous
systems. Here, too, we observed an interesting extension in the
use of note schemas (with embedded, editable fields that could
themselves incorporate dynamic structure searches), as seen, for
example, in H6’s use of “supertags” for note types.

6.1.2 Advancing open problems in hypermedia. A closer look at
these use patterns and nuances in light of the key open problems for
hypermedia discussed in Halasz’s further clarifies how the current
generation of hypertext tools have advanced the design space of
hypertext-augmented sensemaking [25].

For instance, the inclusion of structure searches in the indices
and incubators suggests that the new generation of hypertext tools
has begun to address key open problems around searching and
querying in hypermedia networks. The rich internal structures of
the incubators — particularly the formally enacted supertag struc-
tures — also address Halasz’s proposal to augment the basic node
and link model with composite structures that have more sophis-
ticated internal semantics. Finally, the structure-search-powered
indices and incubators showcase progress towards dynamic “virtual
structures” for dealing with changing information: as H6’s dynamic
index illustrates, the current generation of hypertext tools enable
not just static queries, but dynamic views with sophisticated in-
ternal semantics that can be directly edited and manipulated. H6’s
index also illustrates some progress towards more sophisticated
computation in (and over) hypermedia networks.

6.1.3  Future directions for hypertext-augmented sensemaking. Re-
flecting on our use patterns in light of old open problems also
highlight future directions for hypertext-augmented sensemaking.

For example, we see a need for further work towards Halasz’s
[25] vision for tooling and practices that maximize extensibility
and tailorability of hypertext systems. A substantial portion of
our participants still largely used manual approaches to creat-
ing/managing note types or creating/using associative navigation
structures. While the structures were often quite lightweight and
interleaved with informal text, the reluctance of some of our par-
ticipants to leverage these hypertext structures even when they
were using hypertext notebooks (in favor of even faster and more
lightweight reliance on memory, as with NH7), suggests that the
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cost of specifying even these lightweight structures may not be fa-
vorable in some cases. This problem recalls previously documented
tradeoffs between the downstream benefits of organization and
structure, and the need for flexibility and speed in the moment
of sensemaking [32, 49]. Further, the query languages in the tools
we observed — along with the programming-like experience of
using them — may still be out of reach of most users. We see great
potential in connecting this stream of research to work on end-user
programming [33], to lower the cost structure of creating these pow-
erful hypertext use patterns. H6’s integration of Al assistance for
adding structure to his notes also points the way to future research
directions around adding structure in hindsight, leveraging the rich
structural semantics of hypertext [37] as a shared representation
[28] for human-Al interactive workflows.

Building on this, our participants’ successful integration of Al
assistance in their workflows — as seen in H6’s Al-assisted topi-
cal index — further inspires us to envision future mixed-initiative
[30] systems for hypertext-augmented sensemaking. For instance,
our participants’ summary notes and synthesis notes had a clear
sense of progression in the sensemaking process, with specific
affordances and actions for each note type that enabled forward
progression (e.g., comparing and connecting summary notes into
synthesis notes). Hubs, indices, and incubators, too, could be seen
as a forward progression of more sophisticated and powerful as-
sociative navigation structures. Could we imagine note types that
behaved more like “agents” with (pro)active behaviors to facili-
tate these forward progressions? Could claim or hypothesis notes
actively scan for supporting/opposing evidence, both within the
hypertext network of notes, but also in external sources, and draft
associated note types and links to further develop the claim?

6.2 Limitations and Future Work

6.2.1 The cost structure of sensemaking with hypertext. While our
study design enabled detailed empirical descriptions of use pat-
terns (along with users’ experiences and feelings around those
use patterns), we do not have direct evidence of efficacy. As such,
our results are vulnerable to the critique that the use patterns we
identified may not actually be helpful for sensemaking.

We think this is unlikely for two reasons. First, the majority of
our participants described their workflows as matter-of-fact parts of
their main workflows, that were “working” for them; indeed, many
also noted how their hypertext structures were crucial for managing
temporo-spatial fragmentation and accomplish sensemaking work
they were proud of. As a striking example, H2 shared how he "built
a comprehensive outline over time" using Logseq, and put himself
into an optimal position to take advantage of the limited time he
was able to set aside for active sensemaking: “I just was able to like
crank out because I had this outline. So then it was just a matter of,
you know, turning an outline into prose”

With that said, it would still be valuable to conduct compar-
ative experimental studies in the future to estimate or quantify
the gains relative to the costs of implementing these hypertext
patterns for sensemaking. Our description of the core problem of
temporo-spatial fragmentation could help ensure such studies are
conducted in the conditions under which we expect these hypertext
use patterns to be useful.
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6.2.2  Open problems around spatial fragmentation of information.
Our results here also focus on how spatial fragmentation is dealt
with within hypertext notebooks. The problem of spatial fragmen-
tation across tools and devices remained unsolved for many of our
participants: there is still a need for tools that can weave together
data across the various tools and devices where relevant information
may be stored. Still, we believe that the design pattern of incubators
may be a useful structuring metaphor, regardless of the technical
details of how linking across devices/tools/media is accomplished.
We can see, for example, approaches for surfacing logical dependen-
cies between files across tools [24], or AR/VR-based approaches to
materializing information, being linked together not just in a static
“master notebook” (as observed in [55]), but in dynamic incubators
that can grow over time. In this way, the ideas behind hypertext
could complement efforts to address cross-tool fragmentation in
terms of data interoperability or mixed reality.

6.2.3 Extending beyond hypertext and scholarly sensemaking. Our
findings are most usefully interpreted in the setting of scholarly
sensemaking with hypertext tools. However, some of the patterns
may have broader implications. For instance, participants’ note
types that mapped to stages of their sensemaking (§5.2) resemble
phases of ethnographic practice [18], shifting from “jottings” (just-
in-time, rough thoughts recorded in the moment, without regard
for grammar or spelling), to “field notes” (summary or curated
notes, with proper grammar and sentences) to “memos” or thematic
analysis (synthesis or “theoretical codes”, as in grounded theory
[11]). The transition from summary notes to synthesis notes (§5.2.2)
is particularly reminiscent of the processes of grounded theory
[11] and the KJ method of affinity diagramming [50] in qualitative
research. On the flip side, some work has also documented how
scholars adapt qualitative data analysis software, like NViVo and
Atlas.ti, for scholarly sensemaking [38, 61]. Thus, future work could
explore how design patterns from qualitative analysis software and
hypertext notetaking tools might usefully inform each other.

7 CONCLUSION

In this paper, we explored the question of how we might augment
sensemaking with hypertext through an in-depth analysis of guided
tours of scholars using new hypertext notebooks for their scholarly
sensemaking. We identified novel design and usage patterns for
dealing with the temporo-spatial fragmentation of sensemaking
work, such as note types, and associative structures of hubs, indices,
and incubators for flexibly retrieving information for sensemaking.
These usage patterns — in part leveraging novel features of the
new wave of hypertext notebooks, such as structure searches, and
formal note schemas — expand the design space of approaches
for hypertext-augmented sensemaking, and open up new research
directions for the future of sensemaking.
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