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Figure 1: Tidynote divides a Jupyter notebook into clear content (left) and a scratchpad for exploration and references (right).

A notebook cell can bemoved to the scratchpad, where cell execution has no effect on themain notebook. Linear execution

ensures clarity in state, so rerunning a cell ( ) causes all subsequent cell outputs in the notebook and the scratchpad to gray

out , indicating their staleness. One can pin a cell so that it floats on top of the screen during scrolling. A toggle

shows/hides the scratchpad as needed. Together, these features enable always-clear notebook authoring.

Abstract

Recent work identified clarity as one of the top quality attributes
that notebook users value, but notebooks lack support for main-
taining clarity throughout the exploratory phases of the notebook
authoring workflow. We propose always-clear notebook authoring
that supports both clarity and exploration, and present a Jupyter im-
plementation called Tidynote. The key to Tidynote is three-fold:
(1) a scratchpad sidebar to facilitate exploration, (2) cells movable
between the notebook and the scratchpad to maintain organization,
and (3) linear execution with state forks to clarify program state. An
exploratory study (N=13) of open-ended data analysis tasks shows
that Tidynote features holistically promote clarity throughout a

This work is licensed under a Creative Commons Attribution 4.0 International License.
CHI ’26, Barcelona, Spain
© 2026 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-2278-3/26/04
https://doi.org/10.1145/3772318.3791919

notebook’s lifecycle, support realistic notebook tasks, and enable
novel strategies for notebook clarity. These results suggest that
Tidynote supports maintaining clarity throughout the entirety of
notebook authoring.

CCS Concepts

• Human-centered computing → Interactive systems and

tools; • Software and its engineering→Development frameworks
and environments.
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1 Introduction
Computational notebooks, such as Jupyter [32], have become
widely popular among end-users by enabling storytelling through
code [10]. Notebooks divide a program intocellsthat can be in-
terspersed with explanatory text, images, and formulas. Users can
execute code cells individually, often out of order [23], and thus
easily perform exploratory programming [20]. Explorations are cen-
tral to construct narratives in notebooks [21], yet they are mostly
small code cells [15, 21] and �dirty tricks� [ 37] that can quickly
generate clutter, often with outdated and out-of-order results from
prior runs. A notebook �lled with such explorations becomesmessy,
di�cult for one to understand its narratives [21] and in need of
�cleaning� [37] to restore its clarity.

A well-known challenge in notebooks is the tension between
exploration and the need for clarity [15, 21, 26, 33, 37]. Clarity is
required in many phases throughout the notebook lifecycle, such
as sharing results [15, 41], tracking longitudinal �ndings [15], and
providing tutorials [26]. To ready a notebook for these purposes,
prior systems supportpost-hoccleaning by turning portions of a
notebook into slides [24, 44, 49], cartoons [18], dashboards [45],
and videos [29]; collapsing cells into sections [36]; and gathering
cells into complete slices [14]. However, these systems reinstate
notebook claritylong afterthe messes have been created.

Although some users may be content with post-hoc cleaning,
a recent study [15] found that many users maintain claritycon-
tinuously, while they edit a notebook, not just after. They want
to never let the mess get out of control. However, neither Jupyter
nor the post-hoc cleaning systems above provide direct support
for continuous cleaning. Consequently, these users adopt tedious
manual workarounds, such as copying code to a fresh notebook for
debugging, to maintain clarity during authoring [15].

No prior systems support the needs of these users. Post-hoc
cleaning systems fail to con�ne and control messesas they are
created. Therefore, we proposealways-clear notebook authoring,
an authoring strategy that supports both clarity and exploration
throughout theentirenotebook lifecycle, implemented in a proto-
type namedTidynote for Jupyter notebooks [10]. In Tidynote ,
continuous clarity is enabled via three mechanisms. First, while
the notebook captures the main narrative, a collapsiblescratchpad
on the side stores work in progress, references, and one-o� explo-
rations (Fig. 1 ). Second, cells canmove betweenthe scratchpad
and notebook as explorations progress into clear work or vice versa
(Fig. 1 ), with optional cell pinning to reduce scrolling (Fig. 1 ).
The ability to move cells back and forth encourages �uid authoring
without �premature commitment� [11] to either clarity or explo-
ration. Third, cells are executed linearly, top-to-bottom, to align
with the �ow of information, with cells out of sync with the state
grayed out (Fig. 1 ). This promotes clarity in program state. Using
these features, the main notebook can always be clear, in both struc-
ture and state: one can easily revisit their work from top to bottom
or present their work to others without showing the messy explo-
rations in the scratchpad. Finally,Tidynote and standard Jupyter
are mutually compatible: ordinary Jupyter functionality remains
available inTidynote , and notebooks created withTidynote can
be used in standard Jupyter.

We demonstrate howTidynote supports always-clear notebook
authoring via an exploratory study. 13 participants performed open-
ended data analysis tasks usingTidynote with the goal of clearly
encapsulating their work process for future reference. Our �ndings
show that all participants used allTidynote features to perform
their desired explorations in realistic notebook tasks while main-
taining notebook clarity, with various strategies for clarity enabled
by Tidynote . Even those participants who were previously careless
about clarity were motivated to adopt clarity-driven work�ows. We
conclude the paper with a discussion of notebook tasks that are
best suited by always-clear notebooks and enumerate design op-
portunities for future notebook systems and information systems.

This paper contributes:

� Tidynote , a prototype system implemented as a Jupyter
Notebook extension that supports the always-clear notebook
authoring work�ow;

� A user study demonstratingTidynote 's e�ectiveness in
supporting always-clear notebook authoring.

2 Related Work
Our goal is to simultaneously support clarity and nonlinear explo-
ration in notebook authoring. To this end, we review (1) challenges
in using notebooks�particularly the tension between exploration
and clarity; (2) systems for cleaning notebooks; and (3) alternative
interfaces that support nonlinear exploration.

2.1 Pain Points in Using Notebooks
Computational notebooks such as Jupyter [10] have become popular
for data work, scienti�c computing, and machine learning [10, 23]
due to their support for exploratory programming [20] and nar-
rating through code [22]. Their �at, cell-based structure [15] and
nonlinear execution model [30] not only distinguish them from
traditional software development environments but also lead to
unique usage challenges.

Challenges identi�ed in prior work include low reproducibil-
ity [ 8, 31] and poor code quality [12]. While these �ndings have
motivated best practice recommendations similar to software devel-
opment guidelines [31], these recommendations often do not align
with how notebook users actually work. For instance, Liu et al. [26]
found that refactoring in notebooks di�ers largely from traditional
software refactoring, and that notebooks with di�erent focuses (e.g.,
exploration vs. exposition) exhibit di�erent refactoring patterns.

Additional challenges concern user pain points, such as di�-
culty understanding program state, managing version history, and
deploying to production [5, 15, 19, 41]. These results suggest that
notebook users work with di�erent goals and requirements than
those supported by software development tools, and yet their needs
remain under-supported.

One possible explanation for the above challenges is the ten-
sion between exploration and clarity. Corpus studies [26, 33, 37]
and direct studies with users [15, 21, 37] highlight how notebooks
range from exploratory work full of �messes� to artifacts with clear
narratives, but the transition between these modes is e�ortful and
often irreversible. Indeed, cleaning up exploratory work for clarity
and presentation can require signi�cant manual e�ort in content
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restructuring and code deletion, with users frequently relying on in-
formal tactics like commenting out code, creating fresh notebooks,
or sectioning via markdown headings [15,19,21]. This tension is ex-
acerbated in collaborative settings, where disorganized notebooks
hinder shared understanding [42]. In reality, a notebook's lifecycle
can be �lled with back-and-forth iterations between exploratory
work and intermediate presentations, and users have created many
strategies that adapt to their needs of clarity: some users delay
cleanup until sharing [37], some always prioritize �nding solutions
over maintaining code quality [19], while others always keep a note-
book clear even when not collaborating or creating artifacts [15].
Our work aims to embrace the spectrum of notebook clarity by
simultaneously supporting clarity and exploration throughout the
entire notebook lifecyle.

2.2 Systems for Cleaning Notebooks
Some systems aim to help the user create cleanliness in their note-
book. Some provide extra structure to explain notebook organiza-
tion and some help distill a notebook into a streamlined form for
presentation. These are best suited forpost hoccleaning. We discuss
these systems below, as well as StickyLand [45], which, like our
envisioned system, supports cleaningduring notebook authoring
rather than just post hoc.

Several systems augment the notebook structure to facilitate
clear organization of work [4, 25, 36]. These structure-focused sys-
tems allow users to collapse or hide groups of cells under named
headers [36], annotate sections [4], or link explanatory text to cor-
responding code and outputs [25]. However, these systems provide
an overhead in establishing notebook structure in exploratory set-
tings; more importantly, these techniques are best suited forpost
hocorganization because the overhead needs to be repeated as a
notebook evolves. Our work aims to maintain clarity in notebook
organizationduring �uid exploration with minimal overhead.

Another class of tools turn notebooks into presentable formats.
From notebooks, prior systems auto-generate slide decks [49] and
associated bullet points [44], dashboards with storytelling annota-
tions [24], data comics [18], or videos [29], but they assume the note-
books are already clear and organized. Code gathering tools [14]
slice execution logs to produce a minimal, presentable notebook
slice from a selected output; while this reduces clutter within one
notebook, repetitive cells could persist across notebook slices, and
cleaned slices quickly fall out of sync with ongoing edits in the
original notebook. Compared to the above systems, which focus
on post hocmess management to support clear presentations from
messy explorations, we propose controlling notebook messduring
exploration while enabling easy transition to presentation.

Perhaps closest to our work in terms of functionality, Stick-
yLand [45] allows pinning cells in a �oating dashboard on top
of a messy notebook, maintains provenance between the source
notebook and the dashboard, and enables quick dashboard-based
presentation without explicit cleaning. However, StickyLand dif-
fers from our work in design philosophy: �sticky� cells are �exible,
but ambiguous in their purpose because they can range from tran-
sient reference material to presentable results, whereasTidynote 's
scratchpad is less ambiguously intended for scratch work. If a Stick-
yLand user wants the main notebook to be their presentable artifact

instead of the sticky space, then the sticky space is less useful be-
cause it does not make sense to put all exploratory code into a
�oating space. We analyze StickyLand and other closely-related
systems in more depth in Sec. 3, in relation to our design goals.

2.3 Notebook State Management and
Exploratory Interfaces

Some non-Jupyter systems provide alternative state management
models to mitigate state messes [3, 27, 28, 34]. Providing automati-
cally managed state, such as automatically rerunning dependent
cells, can alleviate state confusion, but does not necessarily promote
exploration or provide a way to separate presentation-ready con-
tent from archival or temporary work. Thus, other systems aim to
improve nonlinear exploration itself. For traditional scripting, Vari-
olite puts in situ version control on code blocks to facilitate variants
and comparisons [19], but does not have the bene�t of cell-based
execution as in notebooks. In the context of notebooks, Fork It [46]
enables state forking and backtracking and displays branches side
by side, and Kishuboard [9] brings version control to the data level.
However, the clarity of program state can still remain problem-
atic in these systems due to the standard nonlinear execution. 2D
canvas nodes-and-wires notebook systems like natto [40] let users
spread alternative explorations along a second spacial dimension,
but wires can become messy �spaghetti� [47], and organizing the
2D space requires deliberate and careful user intervention. Instead
of building another 2D nodes-and-wires system that could lead
to spaghetti, we are inspired by the inline annotation interface of
TextTearing [48] and in-situ branching interfaces [16, 19, 46] to
preserve the original linear display of cells as much as possible.
We thus minimally augment the linear cell order withone level of
branchingto allow for intuitive nonlinear exploration.

3 Always-Clear Notebook Authoring
The goal of our work is to support the clarity of a notebookthrough-
out its lifecycle�from initial creation, to any number of intermedi-
ate presentations, and to continued editing after each presentation.
This goal entails clarity requirements in both the content and the
program state.

While there are approaches attempting to manage notebook clar-
ity, primarily after messes are created, there are no prior systems
that fully achieve the wholistic nature of the above goal. To inform
the design of our envisioned �always-clear� notebook authoring,
we �rst examine how existing tools and practices manage the ten-
sion between exploration and clarity during notebook authoring.
We analyze three representative strategies�out-of-notebook cells,
post-hoc cleaning, and state forks, examining how each supports
and/or fails to support the clarity needs throughout the notebook
authoring process (Sec. 3.1). This analysis reveals three critical
weaknesses that prevent existing approaches from keeping note-
booksconsistentlyinterpretable and presentable. These weaknesses
directly motivate our design goals and the design decisions behind
Tidynote (Sec. 3.2).

3.1 Comparative Analysis
Through the literature [5, 15, 21, 37], we �rst identify �ve main
user actions in keeping a notebook clear throughout its life cycle:
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Figure 2: Comparative analysis of di�erent strategies for managing notebook messes . We compare the mechanisms of three existing
strategies�out-of-notebook cells [ 35, 45], post-hoc cleaning [ 14, 36], and state forks [ 46]�with our envisioned always-clear
notebook authoring , across �ve actions relevant to keeping a notebook clear throughout its lifecycle�performing exploration
(global and cell-based), clearing unused exploration, iterating between exploration and clarity, and reducing state messes. �No
additional support� means the actions are achievable manually, but the corresponding approach does not provide additional
support beyond the base, traditional Jupyter; �Disallowed� means such actions are unattainable at all. Our approach is featured
in the last row, the only strategy that supports keeping a notebook clear throughout its entire lifecycle.

structuring exploration (1) globally and (2) cell-wise, (3) cleaning
up exploration, (4) maintaining exploration while keeping the note-
book interpretable, and (5) reasoning about program state. We
review how each relevant prior strategy [14, 35, 36, 45, 46] supports
these user actions or fails to do so.

To explain how our proposal compares to prior approaches, Fig. 2
shows our comparative analysis, showing the above user actions
as column headers and the reviewed strategies in each row; our
approach is shown in the last row. We now go into more details of
each strategy and their support for each relevant user action.

Out-of-Notebook Cells.Both the Jupyter scratchpad extension [35]
and StickyLand [45] introduce auxiliary spaces�a side cell or �oat-
ing windows�to give users room to explore without cluttering the
main notebook. While these structures o�er an external workspace,
they do not improve the clarity of the main notebook itself, which re-
mains the primary �battle�eld� where users read, write, and present
results. Furthermore, these systems address content clarity but not
state clarity. They retain Jupyter's global execution semantics: all
cells, regardless of their location, share the same underlying state.
Exploratory code in a scratchpad or �oating window can therefore
modify variables and outputs throughout the notebook, disallowing
any exploration that is meant for just individual cells. As such, users
remain responsible for preventing state inconsistencies with these
approaches, limiting the usefulness of these auxiliary spaces for
maintaining overall clarity.

Post-hoc Cleaning. While providing no additional support for
exploration, post-hoc cleaning approaches allow creating clarity
after exploration: Janus lets users move cells to a folded tab on
the side [36], while Gather allows slicing out a subset of cells into
a separate notebook [14]. These systems envision cleanup as a
�nal step, rather than an intermittent process, so their support

for juggling between exploration and clarity is limited to manual
copy/paste of code: Janus disallows moving the folded side-cells
back, and slices out of Gather are independent from the source
notebook. The post-hoc nature of the cleanup does not suit users
who want to maintain claritythroughoutauthoring [15].

State Forks. Fork It [46] supports state branching, where each
branch contains a fork of the notebook state. Users compare
branches during exploration and remove unnecessary branches
to restore clarity. However, only one branch point is allowed at
a time, so explorations must be deleted before creating branches
at a di�erent point. This limitation discourages juggling between
exploration and clarity, and impedes the user from archiving explo-
rations. And although each branch forks the notebook state at the
branch point, Fork It keeps the default Jupyter execution semantics
where one can run cells out of order, which led to confusion in
their user study. Because of these limitations in branching and state
clarity, maintaining clarity throughout notebook authoring still
requires considerable manual e�ort.

Summary of Insights & Weaknesses. Taken together, these strate-
gies provide valuable insights into promoting clarity in notebook�
auxiliary exploration spaces, post-hoc cleaning mechanisms, and
state forking. However, we also identify three key weaknesses that
keep these prior techniques from enabling clarity throughout a
notebook'sentirelifecycle.

Lack of �exible, structured exploratory spaces.In practice, ex-
ploratory work is often scoped to certain cell(s) (which is part of
the motivation for PageBreaks [34]). Existing auxiliary spaces op-
erate only at the global level and remain decoupled from the cells
where exploration originates, both visually and state-wise, o�ering
no structured way to support cell-level or multi-scale explorations.
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Insu�cient support for �uid iteration between exploratory and
clear work.During notebook authoring, exploration might mature
into clear content, while previously clear content could regress to
exploration (e.g., archived but not removed [15, 21]). Such limited
support thus contradicts the dynamic nature of how a notebook
evolves and inhibits always-clear authoring.

No support for ensuring clarity in program state.All existing
strategies reuse the default cell execution mechanism in Jupyter
notebooks that could result in inconsistent state and unreproducible
code [31, 42]. In the long term, these challenges lead to di�culty in
understanding state and in longitudinal notebook work.

3.2 Design Goals
Based on the weaknesses above, we derived the following design
goals for always-clear notebook authoring, and we explain how
each goal informed the correspondingTidynote design decisions.

DG1: Providing flexible structures for exploratory workflows.
Exploratory work should be easy to initiate, localize, and organize
via temporary and �exible structures, speci�c to a cell or general
to the entire notebook, to facilitate its progression into clear work.

Tidynote introduces a scratchpad attached to the notebook,
where each exploratory section is initialized by moving a speci�c
cell into the scratchpad. Cells can also be pinned to remain visible
while scrolling, supporting multi-step reasoning without losing
context. These structures let users keep relevant explorations close
to their originating cells.

DG2: Enabling rapid iteration between exploratory and non-
exploratory activities. Cells should be easy to move between
exploratory and clear portions of a notebook as it matures.

Tidynote enables bidirectional movement of cells between the
main notebook and the scratchpad. This supports the natural pro-
gression and �ow of notebook work, allowing explorations to be
hidden or promoted without tedious manual e�ort.

DG3: Promoting clarity in program state. Execution should
behave predictably and align with the notebook's visual layout,
preventing hidden or inconsistent states.

Tidynote implements linear execution semantics and state fork-
ing aligned with the user's visual structure of notebook work. This
maintains reproducible state while still allowing exploratory diver-
gence when needed.

Guided by these decisions, we implementTidynote as an extension
to Jupyter notebook. Sec. 4 demonstrates the use ofTidynote , and
Sec. 5 details its technical implementation.

4 Tidynote Walkthrough
Ali is a data scientist who also teaches introductory data analysis
with Jupyter notebooks at a university. Today, she is developing a
notebook that analyzes a dataset of Net�ix shows as lecture ma-
terial.1 As this notebook is meant to be shared with students, Ali
wants it to be clear while also exploring di�erent ways of designing
the material. As such, she decides to useTidynote , an always-clear
notebook system for Jupyter.2

1This is one of the tasks from our user study, and Ali's story and interactions with
Tidynote are based on the experience of some participants
2Demo video in supplementary and https://tinyurl.com/tidynote-study-rep

Scratchpad. The display ofTidynote behaves like an ordinary
Jupyter notebook, as shown in Fig. 3. Ali loads her dataset into a
Pandas dataframe and computes the number of items in the dataset
with total_items = len(df) . From this starting point, Ali would like
to teach her students how to count the number of rows matching a
particular condition. She needs to explore to �nd a suitable column
and condition for the demonstration, so she creates a new cell
and writesdf.columns to list the columns in the dataset. She does
not want this exploration to be part of the main narrative of this
notebook.Tidynote provides ascratchpadin the notebook's right
margin: a parallel set of cells for holding temporary, old, exploratory,
or alternative computations that the user does not want to include
in the main narrative. In the upper right corner of thedf.columns
cell, Ali presses the right arrow button which expands the
right margin of the notebook to reveal the scratchpad and moves
the cell into it . Cells in the scratchpad behave as normal, but are
�aside� from the main notebook narrative. A dotted line on the cell
connects it to the main notebook. A scratchpad cell can reference
variables de�ned in the main notebook before this line, but new
and changed variables in the scratchpad do not a�ect the main
notebook. The user may also hide the whole scratchpad, leaving
only the main narrative visible.

Ali thinks the columns'type' and 'release_year' might be use-
ful. She clicks Jupyter's in the top tool bar that adds a cell below
the active cell, in this case, in the scratchpad belowdf.columns , al-
lowing her to continue her exploration outside the main narrative.
She writesdf['type'].unique() to discover there are only'Movie'
and 'TV Show' types in this data set. She adds another cell to simi-
larly check'release_year' and sees many more unique values. Ali
decides to go with the'type' column. She deletes the cell checking
the unique values of'release_year' .

Ali will include df['type'].unique() in her lecture, so she
presses the button to move that cell from the scratchpad back
to the main notebook.

Cell Pinning. She expects it may be useful to reference the column
names later. To do so without needing to scroll back in the notebook,
she presses the pin button on thedf.columns cell, which causes
the cell to �oat and stick to the top or bottom of the screen when it
would otherwise scroll o� the viewport (Fig. 4 ).

Sandboxed Scratch Sections.In a new cell in the main notebook,
Ali writes num_movies = len(df['type'] == 'Movie') hoping to
count the number of rows of the movie type. However, upon inspect-
ing the variable, she realizes that she made a mistake:num_movies
outputs the same value astotal_items . She is confused about the
mistake and presses the button to pull out the cell to the scratch-
pad, expecting to potentially need several cells to debug. Testing
the output of justdf['type'] == 'Movie' shows that her code did
not �lter out a subset of the data based on the condition, instead
just producing a list of boolean �ags (Fig. 4 ). She thinks she
might want to save these �ags as a new column, but she does not
(yet) want to mutatedf in the main notebook or for the existing
scratch cells. She creates a new cell in the notebook and moves it
to the scratchpad: this creates a new �scratch section� whose state
is independent of other sections, and changes to its state will not
a�ect the main notebook. The scratchpad in Fig. 4 has three scratch
sections , each with its own gray dotted border. Multiple
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Figure 3: The full Tidynote interface, showing Ali's initial notebook with the scratchpad hidden. Clicking the button
expands the right margin to reveal the scratchpad and moves the cell into it. The button moves a cell back to the
notebook. (Each code cell starts with two lines of automatically generated comments.)

scratch sections can branch o� the same main notebook cell: as
shown by the dotted lines, both and shared the same parent
cell , but the state of and of are independent of each other.

In the new scratch section Ali adds an isMovie column
to df with df['isMovie'] = df['type'] == 'Movie' . Ali then
remembers she can count after �ltering, which she tries with
len(df[df['isMovie']]) . This produces the desired result, but now
she decides that creating a new column just to count may be a bit
excessive. Happily, scratch sections are sandboxed so her mutated
dataframe is scoped only to : e.g., re-runningdf.columns in
will not show the new column, nor will the abandoned exploration
pollute the main notebook.

Ali settles onnum_movies = len(df[df['type'] == 'Movie']) .
She adds this as a new cell in the main notebook. She repeats

the computation with the'TV Show' type of shows. She con�rms,
using the scratchpad, that the sum of the two values is indeed the
same astotal_items (not shown).

Linear Execution. Ali decides the raw input data is too large to
distribute to her students, so in a separate text editor she removes
most of the CSV rows from the input �le. In her notebook she re-
runs the cell withread_csv. Tidynote enforces linear execution to
insure integrity of the notebook narrative: all subsequent cells in
the main notebook and scratchpad have their outputs grayed out
to indicate they are stale and must be re-run to update (Fig. 5).
Ali does so.

Sharing. Although most of Ali's cells are short, long cells are com-
mon. Like JupyterLab notebooks,Tidynote supports cell folding,
but instead of showing the default �� � � � after folding, Tidynote
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