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HIGHLIGHTS

+ We designed and implemented Dear Diary, an IDE-integrated tool for developers.
» It captures code and non-code artifacts to support a holistic development journey.
« A lab study with 18 participants confirmed its usability, relevance, and usefulness.

ARTICLE INFO ABSTRACT

Keywords: Approaching a development framework for the first time is like embarking on a journey, marked by mistakes,
Development environment solutions, design choices, and key considerations. Tracking these aspects, much like keeping a diary, helps pro-
Development framework grammers understand implementations, revisit errors, and plan future strategies. Inspired by this analogy, we

Non-experienced programmers present Dear Diary, a tool integrated into the IDE that enables programmers to document their development

journey. The tool allows developers to capture multiple versions of a project, functional or not, and to add rich
explanations in their own words. These explanations can refer to all the components of a project, encompassing
files, code, terminal commands, and dependencies, to create a holistic approach that provides richer context for
understanding and learning from project evolution. A user study with 18 participants examined how Dear Diary
was used during a framework-learning task, focusing on the capture phase of the development journey. Results
showed that participants used the tool throughout the programming task to capture diverse forms of contextual
knowledge linked to their development activity, while reporting positive perceptions of its usability, relevance,
and potential usefulness.

1. Introduction and background incompatibilities. Unfortunately, the valuable knowledge that emerges
from such tasks—regarding lessons learned, design rationale, strategies
to overcome errors, sources consulted, and pieces of advice to remem-
ber or share—is rarely captured and tracked over time, despite being
fundamental to understanding the current codebase and guiding future
implementations (Maalej et al., 2014; Liang et al., 2023; Nassif and
Robillard, 2017; Liu et al., 2021).

With respect to code writing, the most suitable and widely-adopted
tools programmers have for tracking project development over time are
Version Control Systems (VCSs). Using them, developers can capture
snapshots of the codebase at specific points over time (by making com-
mits) and associate a short message with each commit, ideally explaining
what was changed and why the change was made. These commit mes-
sages serve as an “audit trail” through which programmers can get an
idea of the codebase evolution and, to some extent, infer the rationale be-
hind the changes (Tian et al., 2022). However, given their limited length

Learning a programming language or becoming proficient with a new
development framework is far from being a linear and straightforward
process that exclusively concerns code writing. It is a process with ups
and downs, during which many things are learned along the way through
trial and error. Contrary to the common perception, writing code rep-
resents only one of the many activities the developer must carry out.
In their development journey, programmers encounter various tasks,
including setting up the development and deployment environments
(typically done by executing terminal commands), continuously seeking
guidance from online tutorials, forums, or source code examples (Ichinco
and Kelleher, 2015; Hartmann et al., 2010; Guo, 2017), making numer-
ous design and implementation decisions (Liu et al., 2019), trying out
and selecting the most suitable libraries, and interpreting and resolv-
ing novel execution errors, often arising from missing dependencies or
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and format (preferably written in the imperative, along with an optional
explanation) (Li and Ahmed, 2023), they do not allow programmers to
capture freely, in their own words, valuable implicit knowledge that con-
tributed to the current state of the application, such as lessons learned,
design rationale, strategies to overcome errors, sources consulted, and
advice to remember or share. Furthermore, since each commit message
is associated with the entire project, programmers cannot add detailed
descriptions or annotations linked to specific portions of the codebase,
such as a code snippet or a file (Wang et al., 2024a).

Importantly, as noted earlier, writing code is not the only activity
a developer must carry out in the development journey with a new
framework. While VCSs can track changes to the codebase, they are in-
sufficient to capture other tasks and the valuable knowledge emerging
from them, such as setting up the development and deployment environ-
ment, managing dependencies, and executing the application—typically
done through terminal commands—which remains uncaptured (Zhi et
al., 2015; Aghajani et al., 2019). Consequently, if a programmer discov-
ers that running a specific terminal command enables them to implement
a functionality, install a dependency, or resolve an issue, a commit
message or code comments would likely be insufficient to capture this
knowledge effectively. This would prevent the programmer from cap-
turing crucial details that could guide them, or someone else, facing
similar challenges in the future. For instance: Where did they find the
solution (if online, on which specific website)? Which parameters should
be included when executing the terminal command? What do these pa-
rameters represent? What should be the expected outcome, and how can
it be verified?

In this scenario, using external tools such as wikis or platforms like
Notion! or even plain text files saved locally for note-taking is a common
practice (Al Safwan et al., 2022; Raglianti, 2022; Tantisuwankul et al.,
2019; Storey et al., 2017). Regarding code writing, when used together
with VCSs, this approach can enhance the expressivity and detail of com-
mit messages by linking them to these external resources or by including
them in reports or pull requests (Li and Ahmed, 2023). Similarly, this
practice offers a feasible way to capture valuable knowledge not neces-
sarily tied to code writing (non-code-centric artifacts), such as executed
terminal commands, their corresponding outputs, and error messages.
Nevertheless, maintaining such documentation requires additional ef-
fort, and the quality can suffer from outdated links and erroneous
updates, resulting in irrelevant or decontextualized content (Dagenais
and Robillard, 2010; Le et al., 2015). It also requires programmers to
frequently switch between different applications and layouts, which in-
creases interruptions and distractions (Parnin and Rugaber, 2011; Parnin
and DeLine, 2010; Happel and Maalej, 2009). Additionally, program-
mers are required to manually define ad-hoc conventions and guidelines
for organizing information, which becomes particularly challenging
when considering the various versions of the development project over
time. Moreover, this approach may not be practical for searches or for
ensuring clarity and usability for future consultation or sharing with
other programmers. In practice, if existing documentation cannot be
found, it conceptually does not exist (Aghajani et al., 2019).

Furthermore, keeping track of errors and adding self-explanations
to their corresponding solutions is crucial, as it enables developers to
retain and replicate successful strategies across different implementa-
tions (Vieira et al., 2017; Margulieux et al., 2021). This practice not
only helps programmers remember individual solution approaches but
also supports the sharing and adoption of effective strategies within a
broader community. By contrast, within VCS best practices, non-working
versions are typically discouraged—for instance, through the recom-
mendation to keep work-in-progress commits in separate branches to
avoid affecting the main branch—making it difficult to capture the valu-
able insights that can emerge from errors and their resolution. While

1 “Your connected workspace for wiki, docs & projects | Notion”, https://
www.notion.so, last accessed November 11, 2025.
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this guideline makes perfect sense in the context of professional soft-
ware development to prevent the deployment of flawed code, it can
be a hindrance for programmers who are becoming proficient with a
new development framework. A similar issue may arise with non-code-
centric artifacts, as capturing erroneous executions can be difficult in
the absence of an automated mechanism.

To enable programmers who are becoming proficient with a new de-
velopment framework to holistically track their development journey,
we propose Dear Diary. This tool consists of a Visual Studio Code ex-
tension that seamlessly interacts with the IDE, allowing programmers
to explain in their own words (much like in a diary), and in relation
to the various components of a development project (both code-centric
and non-code-centric artifacts), how they achieved working versions and
overcame development and deployment errors. Specifically, Dear Diary
enables developers to capture multiple project versions, called ‘snap-
shots’. Each snapshot represents a project version, working or not, and
can include rich explanations provided by the developers and associated
with its components, namely code snippets, files, terminal commands,
and dependencies. This holistic approach is intended to provide a richer
context for understanding and learning from the evolution of a project,
supported by the following features:

Create snapshots to capture the current project state. In the con-
text of Dear Diary, each snapshot includes the files as they existed
at the time of the snapshot, the terminal commands executed since
the previous snapshot up to the creation of the new one, and the
development and deployment dependencies present in the project
at that point.

Integrate detailed explanations linked to project files, granting
users the freedom to annotate or elucidate specific files in their own
words.

Automatically gather and display all terminal command activ-
ity, including the commands executed and their corresponding out-
puts. Allow programmers to add a description for each command,
indicate its success or failure, and include tags.

Collect and display the development and deployment depen-
dencies present in the project. Enable programmers to annotate,
tag, and access official documentation for each dependency.

Add detailed explanations tied explicitly to relevant code snip-
pets, outlining the reasoning behind the implementation, links to
the consulted sources, and observations to remember.

Navigate through the snapshots, displaying their corresponding
files, terminal commands, and dependencies. Allow programmers
to freely explore and visualize associated information, including
descriptions, tags, or annotations made by them.

Provide a consolidated timeline-style visualization of each
snapshot, enabling the programmers to conduct integrated
searches across code snippets, files, terminal commands, and de-
pendencies, leveraging the annotations and tags they have added.

Finally, in this work, we present the following main contributions:

« Dear Diary, is an IDE-integrated tool that allows programmers to
straightforwardly capture the knowledge that emerges from work-
ing on various development tasks and associate it with specific
project elements, extending across multiple snapshots of the de-
velopment project, encompassing both working and non-working
versions (Section 3).

A user study with 18 participants examining how Dear Diary
was used during a framework-learning task (Section 5). The study
focused on the capture phase of the development journey and
provided initial evidence that:

— Participants were able to integrate Dear Diary into the pro-
gramming task and use it to create situated records linked to
snapshots, files, terminal commands, dependencies, and code
snippets;
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- The recorded content covered diverse forms of contextual knowl-
edge, including actions taken, exploratory questions, consulted
resources, instructions, reminders, encountered issues, errors,
and TODOs;

- Participants reported positive perceptions of Dear Diary’s us-
ability and relevance, and identified academic and collaborative
scenarios in which the tool could be useful.

2. Related work

Our research builds upon prior work that seeks to capture design
rationale throughout the development process—particularly when get-
ting started with a framework—by using annotations and adopting a
storytelling approach.

2.1. Capturing the design rationale

Understanding the design rationale behind existing implementa-
tions is one of the most common challenges developers face (LaToza,
2020). Good documentation has long been argued to be vital in help-
ing developers write code more quickly and consistently with design
decisions (Mehrpour et al., 2019), and documenting design decisions,
in particular, is considered essential to maintaining the comprehen-
sibility of code (Clements et al., 2003). However, traditional docu-
mentation practices are inefficient. They require much manual work
during their creation, and there is a gap between the creators and con-
sumers (Robillard et al., 2017; Nasehi et al., 2012). Indeed, producing
such documentation is time-consuming, and its cost can outweigh its
benefits (Lethbridge et al., 2003). As a result, many design decisions
remain uncaptured, undocumented, and tacit in the minds of decision-
makers (Jansen et al., 2008; van der Ven et al., 2006), leading to
knowledge evaporation (Capilla et al., 2016).

While various studies aim to facilitate the understanding and in-
tegration of online code examples (Oney and Brandt, 2012; Head et
al., 2018a; Liu et al., 2019), and to automatically generate documen-
tation based on the available code (Aghajani et al., 2021; Zhang et al.,
2020; McBurney and McMillan, 2016; LeClair et al., 2019; Rai et al.,
2022; Wu et al., 2021), fewer research efforts have focused on helping
programmers track their development process in their own words, ex-
tending beyond a purely code-focused perspective. Our approach aims
to streamline the process of capturing design rationale by integrat-
ing directly into the IDE, minimizing the need for developers to switch
between applications. It encourages developers to document their ratio-
nale ‘on the go’ as they progress through their development journey and
supports the addition of high-level descriptions that may not be directly
tied to technical aspects.

2.2. Tools for documenting and managing the design rationale

In general terms, our proposal falls within the realm of tools designed
to support developers in managing design decisions. In this context,
Mehrpour et al. (Mehrpour and Latoza, 2023) surveyed tool support
for developers managing design decisions in code, focusing on activities
such as identifying, choosing, documenting, and understanding these
decisions. They introduced a taxonomy of tools that assist developers in
this process. Dear Diary fits into this taxonomy’s ‘documentation tool’
category, as it captures design rationales by explaining choices in design
decision descriptions—often in a less formal, unstructured format. While
its primary purpose is to document design decisions, tools like ours also
support updating them over time and linking them to the code. This
aligns with the need highlighted in Alexeeva et al. (Alexeeva et al., 2016)
systematic literature review, which calls for better support in working
with design rationale—making it more explicit, better connected to the
code, and linked to high-level and contextual information (Head et al.,
2018b).

Various tools and methods have been developed within this taxon-
omy category to actively document design decisions and capture the
rationale behind development choices. ActiveDocumentation (Mehrpour
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et al.,, 2019) documents design decisions as design rules, which are
checked against the code. After making code changes, developers re-
ceive immediate feedback on which rules are satisfied or violated. Along
the same lines, CODES is a tool that extracts candidate method doc-
umentation from Stack Overflow discussions and generates Javadoc
descriptions from it (Vassallo et al., 2014). Furthermore, Tutorons (Head
et al., 2015) are language-specific routines that automatically provide
context-relevant, on-demand micro-explanations and demonstrations
of code snippets on web pages, helping programmers understand the
code without consulting external documentation. Colaroid (Wang et
al., 2023) is a literate programming approach for creating explorable
multi-stage tutorials. It uses a Visual Studio Code extension that lets
web developers write tutorials while building a front-end HTML ap-
plication, interleaving textual explanations with executable code in an
(i frame).

Beyond tools explicitly designed to capture design rationale, an-
other relevant family of environments is computational notebooks, most
prominently Jupyter Notebooks. Notebooks allow users to interleave ex-
ecutable code, narrative explanations, visualizations, and outputs in a
single document, and they have been widely used for exploratory pro-
gramming, data analysis, teaching, and computational narratives (Rule
et al., 2018; Kery et al., 2018). Prior work has examined their bene-
fits for sensemaking and communication (Rule et al., 2018; Kery et al.,
2018), as well as challenges related to maintenance, messiness, repro-
ducibility, and collaboration (Head et al., 2019; Pimentel et al., 2019).
Dear Diary shares with notebooks the goal of connecting implementa-
tion artifacts with explanatory narrative. However, its design targets a
different setting: IDE-based software projects composed of multiple files,
terminal commands, dependencies, and evolving project states. Rather
than organizing work as a linear sequence of executable cells, Dear Diary
captures snapshots of a project and allows programmers to annotate het-
erogeneous artifacts, including non-working states and terminal outputs,
as part of a broader development journey.

Similarly, DecDoc (Hesse et al., 2016) lets developers capture and
collaborate on decision-related knowledge, linking design decisions to
artifacts like requirements, design diagrams, and code. It documents de-
cisions through UML diagrams and code annotations. REACT (Alkadhi
et al., 2017) is a lightweight approach for manually annotating chat
messages to capture the rationale behind team development decisions.
It focuses on annotating chat messages with five rationale elements: is-
sues, alternatives, pro-arguments, con-arguments, and decisions. Finally,
CodeLink (Zaychik and Regli, 2003) is a design rationale support tool
that integrates email-based collaboration with the software development
process. It allows development teams to associate specific code elements
with email messages automatically.

In this regard, Dear Diary aims to go beyond capturing design ra-
tionale solely tied to code. By integrating with the IDE to automatically
gather contextual information, our approach enables the documentation
of rationale related to files, terminal commands, and development or
execution dependencies. This aspect is crucial when working not with
standalone code files but with frameworks where setup and execution
are more complex, and design decisions often span across heterogeneous
artifacts—such as the choice of a specific dependency, the execution
of a deployment command with particular parameters, or the creation
of multiple JSON-format setup files for a given purpose. By captur-
ing this broader context and linking informal descriptions to these
artifacts, the tool supports reproducibility and helps less experienced
programmers understand how implementations evolve and artifacts are
interconnected.

2.3. Annotations and storytelling in software development

Moreover, from a more detailed perspective, our proposal concerns
annotations and storytelling. In software development, annotations aid
developers in externalizing and tracking information during code sense-
making tasks (Horvath et al., 2022a). They help developers recall and
locate semantic information during software maintenance (Storey et al.,
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2009). Additionally, task annotations within source code are vital for
managing personal and team tasks, serving as a bridge between formal
issue tracking systems and informal code comments (Storey et al., 2008).
Indeed, research has shown that annotations on program documenta-
tion and code can significantly enhance programmers’ understanding
and productivity (Sulir et al., 2016; Horvath et al., 2022b).

Storytelling, for its part, has been recognized as a creative pro-
cess with similarities to software development (Ciancarini et al., 2023),
and it has been investigated as a strategy to assist developers in code
comprehension (Wuilmart et al., 2023). Allen and Kelleher (Allen and
Kelleher, 2024), for instance, explored the use of Al-generated narratives
to present software development histories. They used GPT-4 to generate
a narrative story view from code changes and web searches. In a study
with 16 programmers, these narratives improved recall, boosted con-
fidence, and reduced mental effort. Participants appreciated how the
stories connected changes and fostered empathy for the original devel-
oper, viewing them as a complement to traditional versioning systems.
Compared to this work, Dear Diary’s approach is not to automate sto-
rytelling but to empower programmers who are engaging with a
particular framework for the first time to track their development
journey on their own terms, in a self-reflective manner, in relation
to the diverse artifacts they deem relevant as they explore, manipulate,
and make sense of them.

Most relevant to our work are Storyteller (Mahoney, 2023),
Sodalite (Horvath et al., 2023), and Catseye (Horvath et al., 2022a).
Storyteller is a tool that helps instructors guide learners through code
examples by animating and annotating coding sessions. It captures file
changes via a Visual Studio Code extension. These ‘playbacks’ can be
replayed on a web interface, where instructors annotate the code’s
evolution and explain key decisions with text, highlights, media, and
self-grading questions. For its part, Sodalite is a Visual Studio Code ex-
tension that helps developers create code stories. It leverages the IDE
context to structure documentation and link the story text to relevant
code. Specifically, starting with a code story template, the user manu-
ally connects the text to code definitions, references, or snippets, and the

[Extension Development Host] React Hello World App — lab-01

DEAR DIARY - Eg ReactHello World App X 4
v SNAPSHOTS. (@) a7
(0 In-progress version. React Hello World App
"8 The App w ectly 24 m
{3 Running App from wrong folder : NPM CREATE VITE
E@ React Hello World App 33 minutes ago

3 React Hello World App

1 made sure Node was installed correctly, checked its version, and confirmed
npm was good to go. Then, | created a React app with 'npm create vite@latest

EILES my-first-app.’ Jusqu'ici tout va bien! $

v my-first-app
README.md
index.htmi

Is the application working?
® Yes@ No @ I don't know ®

ckage json Tags
> public
npm create vite

ANDS.

pm create vite@latest my-first-app
Tivelne |8

Al @

Created today at 1:10 PM
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tool suggests additional connections based on frequently edited identi-
fiers from the Git commit history. Finally, Catseye is a Visual Studio Code
extension that helps experienced developers understand complex, large-
scale codebases. It lets users add annotations such as tasks, questions,
hypotheses, and answers directly to code snippets without modifying the
code. Catseye also supports threaded discussions, links notes to different
code segments, and maintains consistent syntax across languages.

In addition to the distinctive characteristics outlined so far, Dear
Diary integrates annotations and storytelling into tracking and review-
ing erroneous executions and their resolution strategies. Programmers
can capture faulty versions, annotate terminal errors and outputs, and
explain how they address the issues. While existing tools focus on doc-
umenting working code and its rationale, Dear Diary emphasizes the
value of reflecting on mistakes—helping novices retain and reuse their
problem-solving strategies (Vieira et al., 2017; Margulieux et al., 2021).

3. Usage scenario

To illustrate how Dear Diary looks and works, we present a usage
scenario framed in the context of a developer creating her own first
web project using the React library, and we indicate how the various
steps are completed using Figs. 1 and 2 (a video demonstrating the tool
and its features is also provided as Supplementary Material). In a real-
world scenario, these steps unfold sequentially, with graphical elements
appearing as the programmer progresses through each action. In both
figures, various graphical components are presented simultaneously for
illustrative purposes, although they may not originate from the same
snapshot. However, it is important to note that since the implemen-
tation of the Dear Diary extension adhered meticulously to all official
Visual Studio Code user experience guidelines, users can display these
components in any layout provided by the IDE.

(a) Isabel is an inexperienced web developer implementing her first
React application. She uses Visual Studio Code, her preferred IDE,
while following a React “getting started” guide that she found

DEoao
(om) co ® npm run de 7

npm run dev
Executed today at 1:19
PM

ROOT FOLDER NPM RUNDEV STACK OVERFLOW.
PACKAGE.JSON

1 tried running the application from a di t folder and realized | needed to
switch to the root folder using 'cd n pp' ©. | found the solution by
googling a part of the error ®.. Here is the link to the site where | found the fix

Did the terminal command run successfully?

Yes® o No® 1 don't know @

Tags

root folder, npm run dev, stack overflow, package.j:

Terminal command output - node

npm ERR! code ENOENT
npm ERR! syscall open

npm ERR! path /Users/dear-diary/Desktop/my-projects/lab-01/package. json
npm ERR! errno -2

Thu20Jun24  Terminal command: npm create vite@latest my-first- npm ERR! enoent Could not read package.json: Error: ENOENT: no such
b-

1317 app

<2 You updated your terminal command
ags

v Select a framework: > React
> TypeScript

+ Select a varian
ejs/plugin-react

Seaffalding nraiact in /licars/dear—

file or directory, open dear-dia op/ny-projec
01/packa on'

CREATE VITE npm ERR! enoent This is related to npm not being able to find a file.
npm ERR! enoent

JAVASCRIPT

REACT npm ERR! A complete log of this run can be found in: /Users/dear—

diary/.npm/_logs/2024-06-20T11_19_05_710Z
-debug-0. log

Fig. 1. Dear Diary is a Visual Studio Code extension designed to assist inexperienced programmers in their development process. It enables users to (a) capture
the current project state with snapshots, encompassing code snippets, files, terminal commands, and dependencies, whether it represents a working version or not;
(b) add self-explanatory comments linked to the snapshots, specific files and code snippets within them, terminal commands and their corresponding outputs, and
development and deployment dependencies; (c) navigate seamlessly through snapshots, files, and terminal commands; and (d) conduct cross-cutting searches across
all snapshot resources (code snippets, files, terminal commands, and dependencies) to unveil the reasoning behind implementation decisions or strategies addressing

potential errors or issues.
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[Extension Development Host] Todo.tsx — lab-01

DEAR DIARY

Todo(props: any) {

return (

v SNAPSHOTS L+
10 In-progres

E@ Initial React todo list setup 34 minutes ago

className=
props.name

v FILES
v my-first-app
v src
classNam
> assets
components
Todo.tsx
index.css
main.tsx

\/ TERMINAL COMMANDS

B touch src/components/Todo.tsx

rt default Todo;
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DBeoaos
& Todotsx x 10 o -

Todo.tsx

B3 my-first-app/src/components

REACT COMPONENT TSX TODO

Whenever we want to create a component, it needs its own file. Keep it simple:
one component, one file

Tags

react component, tsx, todo

New comment

<label className="todo-label" htmlFor={props.id}>
{props.name}
</label>

2n">{props.. name

« Reminder: props.name and props.id are TSX expressions, so always make sure
to enclose them in curly braces

Cancel Add comment

1) Comments

Created today at 2:16 PM

25 Line 3

<li className="todo stack-small">

Grahhad it from tha first 'li' within tha unardarad list in tha Ann tex fila

Fig. 2. As Isabel continues with her implementation, she documents the commands she executes (indicating whether they work or not), the dependencies she uses,
and furthermore, as shown in the screenshot, Dear Diary allows her to add detailed explanations to code snippets, in which she explains why she implemented certain

features, shares links to the sources she consulted, and includes important reminders.

online. Namely, she followed the React Getting Started tutorial
in the MDN Web Docs.?

(b) As in many of the widely adopted available web frameworks,

in React, the first steps correspond to installing and setting up
the execution environment and its dependencies (Node and npm,
in this case). These installation and setup steps are commonly
completed by downloading and running installers and executing
various terminal commands with diverse parameters.

(c) Naturally, these terminal commands are new to Isabel. After ex-

ecuting them to the letter as indicated in the getting started
guide, she manages to create her first React application. At that
point, she notices that she has achieved a stable checkpoint,
notwithstanding its simplicity. Therefore, she wants to capture
and document it. To do so, she opens the Dear Diary extension
view directly from Visual Studio Code by clicking on the pen icon
in the Activity Bar (1).

(d) Within the Dear Diary interface, Isabel creates a new snapshot by

clicking the ¢+’ button in the top right corner of the ‘Snapshots’
view (3). This action brings up a panel in the Visual Studio
Code editor area (4). From there, she can set the snapshot’s title,
add a description, indicate the current status of the application
(whether it is working or not), and add tags. Additionally, if she
is unsure or does not know whether the application works, she
can choose the ‘I don’t know’ option.

Isabel inserts “React Hello World Application” as the title and
provides the description “I made sure Node was installed cor-
rectly, checked its version, and confirmed npm was good to go.
Then, I created a React app with ‘npm create vite@latest my-
first-app.’ Jusqu’ici tout va bien!” Additionally, she indicates
that the application is working and adds the tag “npm create vite”.

(e) Isabel notices the successful creation of the snapshot as its title

(“React Hello World Application”) appears in the ‘Snapshots’ view

2 “Getting started with React - Learn web development | MDN”,
https://developer.mozilla.org/en-US/docs/Learn/Tools_and_testing/Client-
side_JavaScript_frameworks/React_getting_started, last accessed November 11,

2025.

list (3). Furthermore, she observes that although the graphical
interface of Dear Diary was not visible while she was executing
the terminal commands to create the React project, the extension
automatically captured them, and they are now part of the snap-
shot she just created. As depicted in (2), the ‘Terminal commands’
view lists the commands she has executed thus far. In the same
way, the ‘Files’ view (5) displays the files and folders created dur-
ing the project setup, and the ‘Development dependencies’ view
(6) shows the project’s dependencies.
Wrapping up, a snapshot in Dear Diary comprises:

« A copy of all the project folders and files as they were at the
time of the snapshot creation (5).

« Alist of all terminal commands executed since the last snapshot,
if there is a previous snapshot, or all the terminal commands
executed so far if it is the first one (2).

« The development dependencies present in the project at the
time of snapshot creation (6).

(f) Later on, Isabel tries to execute her application by executing the

terminal command ‘npm run dev’. However, she gets an error
that she is not familiar with. Therefore, Isabel searches online
and finds the cause of this error: the application had to be exe-
cuted from the project’s root directory. Although this is a trivial
issue, Isabel has overcome her first error and wants to remember
its cause, solution, and the source she consulted in case it happens
again. Then, Isabel opens the corresponding terminal command
by clicking it in the ‘Terminal commands’ view (2), which has
been updated to show the commands executed after the first snap-
shot and now includes those for the ‘In-progress version...’, which
will be linked to the new snapshot once created.

In the corresponding terminal command panel that appears in
the editor area (7), she adds an explanation written in her own
words with the URL of the Stack Overflow post that contains the
solution to her problem and specifies that the terminal command
did not run successfully. Additionally, in the lower part of the
pane, she sees the output of the command, automatically captured
by Dear Diary for this and all other executed commands.
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(g) Moreover, throughout the entire implementation process of her
React application, she wants to document the rationale and con-
siderations guiding her implementation decisions and how they
are linked to the resultant code. To achieve this, she adds several
detailed explanations, tied explicitly to relevant code fragments,
outlining the reasoning behind the implementation, the links to
the consulted sources, and observations to remember. To do so,
as shown in Fig. 2, from within Dear Diary, Isabel opens the file
containing the code she wants to comment, selects the code snip-
pet, right-clicks on it, and chooses the ‘Write a comment for this
code’ option from the context menu (9). Upon doing so, a form
appears in the File panel on the right side of the screen, allowing
her to articulate her thoughts in her own words regarding that
specific code fragment. Similarly, as with the snapshots, the ter-
minal commands, and the development dependencies, Isabel can
provide comments for the entire file and attach relevant tags to
it (10).

(h) From then on, several snapshots can be created by Isabel, each

with their associated files, terminal commands, and development

and execution dependencies (11).

Naturally, as the development process goes on, Isabel encoun-

ters familiar error messages that she has successfully resolved in

the past, or she needs to write similar code for new components.

Seeking solutions, she aims to explore past snapshots without

the necessity of navigating to each one individually, opening

the files, the terminal commands, or the development dependen-
cies, and reading all their associated descriptions, tags, or code
fragments-related comments.

To that end, rather than navigating through each snapshot
individually, she opens them. For each snapshot, she accesses a
timeline-style visualization (8) containing all commented files—
whether annotated with general descriptions, tags, or commented
code fragments; all the terminal commands executed since the last
snapshot; and the development dependencies with added descrip-
tions or tags. Most importantly, Dear Diary offers a search feature
through which Isabel can easily filter all snapshot contents based
on various criteria, such as descriptions, tags, comments on code
fragments, file names, or terminal commands. In (8), for instance,
it can be observed that upon entering the search term ‘Vite’ into
the search field, the timeline items were filtered to display only
one terminal command containing the specified word, whether
within a tag or in its description.

This timeline visualization, in conjunction with the search fea-
ture, enables Isabel to quickly identify files, terminal commands,
and dependencies that, according to her reminders, explanations,
or tags, are somehow linked or share common characteristics.
This capability facilitates comprehensive and transversal explo-
ration of her project and, in a broader sense, her development
process.

a

-

4. Design considerations

We now revisit Dear Diary’s features, focusing on design motivations
and implementation details. Specifically, our design and implementation
aimed to achieve the following goals:

Tracking the development journey ‘on the go’ directly from the
IDE: By integrating Dear Diary directly into the IDE, we aimed to address
the well-known challenge of incentivizing developers to consistently
track their design decisions (Le et al., 2015; Robillard et al., 2017) by
focusing on two key aspects. First, we sought to minimize interruptions
caused by switching between different applications or windows to doc-
ument the development process. Currently, developers must manually
copy and paste data from the IDE into other applications to externalize
their knowledge, which is a significant obstacle to tracking their devel-
opment process. Interruptions, even during brief tasks, are known to
require developers to spend time and energy regaining focus (Meyer et
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al., 2022; Parnin and DeLine, 2010). This goal involves integrating the
functionalities of our tool as organically as possible by aligning with the
IDE’s visual identity and adapting to its most common interactions.

Secondly, we aimed to accurately associate programmers’ annota-
tions with the artifacts relevant to the development process to create a
rich context that could effectively enhance their understanding (Ko et
al., 2006). For this context to truly represent the typical complexity of
development projects, it must extend beyond source code. This requires
including various elements that can only be gathered directly from the
IDE, such as files that are not necessarily source code, dependencies that
define the development and execution environment, terminal commands
with their parameters and outputs, and the relationships among all these
elements.

Automatically gathering context on development and execu-
tion environments: In line with the previous consideration and the
need to go beyond a code-centric approach and to lower barriers that
discourage developers from documenting their work, it is essential to
automatically capture information related to the development and exe-
cution environment, as well as terminal command executions, without
requiring manual actions from the programmer. Moreover, this infor-
mation should be readily available for annotation and inclusion in the
traceability of the development process. This approach enhances project
reproducibility and provides non-experienced programmers with a com-
prehensive view of how successful implementations were achieved, how
errors were resolved, and whether issues stemmed from code implemen-
tation or from missing or incompatible dependencies (Mysore and Guo,
2018). Dear Diary allows programmers to automatically obtain a struc-
tured and clear visualization of terminal commands and their outputs, as
well as the dependencies related to the development and execution envi-
ronment, at each stage of their development journey. They can annotate
these with their insights and comments, enabling them to track not only
the code but also the development and deployment setups throughout
the implementation process.

Tracking and reviewing erroneous executions and the solutions
adopted to overcome them: Given that Dear Diary is designed for pro-
grammers encountering a development framework for the first time,
and given that this process is inherently non-linear with inevitable er-
rors, our goal is to emphasize to non-experienced programmers that
coding errors and faulty executions can be tracked and reviewed, as
they are valuable learning resources. In practice, programmers usually
search online forums, video tutorials, or official documentation (Ichinco
and Kelleher, 2015; Head et al., 2018a), and they eventually solve
the error after reading various sources and trying multiple code exam-
ples. While committing non-functioning versions of a software project
is a bad practice, keeping track of the non-compliant code, erroneous
executions, error messages, and especially how to overcome them is
desirable in our non-experienced programmers’ context. Thus, Dear
Diary enables developers to capture non-functioning versions of the
project, comment on non-compiling versions of the code files, and
explain the erroneous command-line instruction outputs. Without doc-
umenting the erroneous executions, reporting the consulted sources to
overcome the issues would not be possible. Furthermore, keeping track
of the errors and adding self-explanations to their solutions can help
novices remember their strategies and replicate them across diverse
implementations (Vieira et al., 2017).

4.1. Implementation notes

4.1.1. Visual studio code integration

We implemented Dear Diary as a Visual Studio Code extension us-
ing TypeScript. We built its functionality upon the official Visual Studio
Code API® and, as evidenced by the usage scenario, we carefully adhered

3 “VSCode API | Visual Studio Code Extension API”, https://code.visualstudio.
com/api/references/vscode-api, last accessed November 11, 2025.
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to the official Visual Studio Code user experience guidelines* to ensure
the extension is as easy, intuitive, and seamless as possible for the av-
erage IDE user. Furthermore, we refined the graphical interface design
through multiple rounds of discussions of hand-drawn sketches.

4.1.2. Snapshot management and Git integration

Dear Diary relies on Git to provide snapshot management features.
Although the final user does not notice it, file management is achieved
by integrating with Git. Therefore, in general terms, when Dear Diary
is initialized, a Git repository is created in the workspace folder if one
does not already exist, and a new commit is added to the repository each
time a snapshot is taken. Then, to track the commits, associate them with
snapshots, and store all user-entered data, Dear Diary manipulates a list
of dictionaries in a hidden JSON file.

Each dictionary within that file corresponds to a snapshot and
includes the following fields:

. essential metadata such as the snapshot’s unique identifier and
date of creation;

the user-entered data (e.g., title, description, tags, and the flag
indicating whether the snapshot corresponds to a working version
of the project);

commit-related details stored in the gitCommit field, which
contains a dictionary. The hash field within this dictionary is par-
ticularly important because, when a Dear Diary user navigates to
a snapshot, the extension checks out the commit associated with
it and renders the files, terminal commands, and dependencies ac-
cordingly in the graphical interface. In the same way, when the user
switches from the Dear Diary interface to the Visual Studio Code
Explorer in the activity bar, the extension automatically performs
a checkout of the last commit, allowing the developer to continue
working on the latest version of the project;

and files, terminal commands, and dependencies fields, each of
which is a list of dictionaries. Each dictionary, representing a file,
terminal command, or dependency, contains essential metadata,
user-entered data, and component-specific fields.

5. User study

We conducted a controlled user study to examine how program-
mers use Dear Diary while engaging with an unfamiliar development
framework. Specifically, the study focused on the capture phase of the
development journey: whether participants integrated the tool into an
ongoing programming task, which Dear Diary features they used, what
kinds of contextual knowledge they recorded, and how they perceived
the tool’s usability and relevance. This focus allows us to assess a nec-
essary first step for supporting later reflection and reuse: the creation of
rich, situated records of development activity.

To guide this evaluation, we addressed the following research ques-
tions:

RQ1. How do programmers use Dear Diary to capture their develop-
ment activity while working with an unfamiliar framework?

RQ2. What kinds of contextual knowledge do programmers record
through Dear Diary’s snapshots, terminal commands, files, code
snippets, and dependencies?

RQ3. How do programmers perceive the usability, relevance, and po-
tential usefulness of Dear Diary for documenting development
activity?

4 “UX Guidelines | Visual Studio Code Extension API”, https://code.
visualstudio.com/api/ux-guidelines/overview, last accessed November 11,
2025.
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5.1. Participants

We recruited the participants from among former students of a
master’s degree course in web development who had recently passed
their exams. The authors teach this course, which is mandatory for
all Computer Engineering students and focuses on creating distributed
modern single-page web applications, emphasizing front-end program-
ming with the React framework (utilizing JavaScript).® In addition to
technical skills, a primary goal of the course is for students to develop
essential abilities in managing critical design decisions inherent in web
application design and development.

Our decision to select participants from former students of this course
achieved two main objectives. First, it ensured that they had a solid un-
derstanding of web application concepts and components, which was
crucial for the programming task they were assigned—namely, work-
ing on implementing a web application, as detailed later in this section.
Second, because Visual Studio Code was the primary development tool
used throughout the course, and all the live programming sessions dur-
ing the lessons were conducted using it and some extensions, we ensured
to a reasonable extent that any potential issues regarding the interaction
with Dear Diary were not related to any unfamiliarity with the IDE.

Concretely, the former students were contacted through an email
invitation, which included a brief description of the study, the study’s
goals, and the expected time commitment. The email also contained a
link to a Google Form where the students were asked to complete a
pre-study questionnaire to determine their eligibility. In the question-
naire, they provided demographic data, their years of programming
experience, and the programming languages they were familiar with.
Additionally, they rated their familiarity on a Likert scale from 1 to 5
with React, JavaScript, Visual Studio Code, Angular, and TypeScript.
Finally, they were asked to describe which Visual Studio Code exten-
sion they used and for what purpose. To reduce potential evaluation
pressure, most participants (11 out of 18) were recruited with the help
of the instructor of another section of the course, who did not take part in
the study sessions, data collection, or analysis. The sessions themselves
were conducted by a researcher who did not know and had not taught
the vast majority of the participants (15 out of 18).

Two students were excluded: one rated his familiarity with Angular®
as 5 (as will be extensively described in the next subsection, this was
inconvenient for the study, which aimed to examine how participants
used Dear Diary while working with an unfamiliar framework—in our
case, Angular), and the other rated his familiarity with Visual Studio
Code as 2. After screening, 18 students were selected to participate in
the study (5 self-identified as women and 13 self-identified as men).
Table 1 provides an overview of the participants’ demographic data and
programming experience. Their ages ranged from 22 to 25 years, with
an average age of 23.11 years. All participants were enrolled in a mas-
ter’s program except for one pursuing a Ph.D. (P18). Their programming
experience varied from 2 to 10 years, with an average of 4.82 years.

5.2. Method

The study, conducted in a controlled environment, comprised three
phases: a training phase, a programming phase, and a final as-
sessment phase that included a questionnaire and a semi-structured
interview to evaluate participants’ experience with Dear Diary both
quantitatively and qualitatively. Each participant worked individually
in a quiet room, using a laptop equipped with the Dear Diary extension,
an external monitor, and a wireless keyboard and mouse to facilitate
interaction and avoid the use of the laptop’s keyboard and trackpad.
Throughout all phases, the experimenter adhered to a pre-written script
to ensure consistency, guaranteeing that all participants received the

5 “React”, https://react.dev, last accessed November 11, 2025.
6 “Home » Angular”, https://angular.dev, last accessed November 11, 2025.
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Table 1
Participants’ demographics and programming experience.
D Age Gender Prog. Exp. React JavaScript VSCode
(yrs.) (1-5) (1-5) (1-5)
P1 24 Male 4 4 4 4
P2 23 Female 10 3 4 4
P3 23 Male 4 4 4 5
P4 25 Male 5 3 4 4
P5 23 Male 10 4 4 4
P6 22 Female 2 4 4 4
P7 22 Female 2 3 4 5
P8 23 Male 4 4 4 4
P9 25 Male 3 4 4 4
P10 22 Male 2 4 4 4
P11 24 Male 5 4 3 5
P12 22 Male 5 3 3 4
P13 24 Male 6 4 3 4
P14 23 Male 6 4 4 4
P15 22 Male 4 4 4 4
P16 23 Female 2 3 3 4
P17 24 Male 6 4 4 3
P18 22 Female 4 5 5 5

same information, that features were presented correctly during the
training phase, that no instructions or explanations were omitted dur-
ing the programming phase, and that all questions were asked during
the final assessment phase. To avoid experimenter bias, all participants
were guided by the same experimenter. The pre-written scripts used in
the study are included in the Supplemental Materials.

5.2.1. Training phase

The training phase aimed to familiarize participants with Dear Diary
and its features, ensuring they were well-prepared for the subsequent
phases. During this phase, the experimenter and participant worked to-
gether through a pre-written script. The experimenter provided guidance
and explanations as needed while the participant operated the computer
and engaged directly with the tool. Participants were shown how to use
the various features of Dear Diary while creating and executing a ‘Hello
World’ web application from scratch using React, a framework they were
familiar with. This allowed them to focus on understanding the tool’s
features rather than the implementation.

The task, although straightforward, was designed to exemplify how
and when to use each Dear Diary feature. We demonstrated the applica-
tion of these features at specific points during implementation and their
intended purposes. An erroneous application execution was intention-
ally included to show how to explicitly track issues using Dear Diary.
The training paid particular attention to presenting the functionalities
in the typical sequence of development activities, illustrating how the
tool can be seamlessly integrated into participants’ regular development
workflows.

At the end of the training, participants were asked eight questions
orally to confirm their understanding of Dear Diary’s features and func-
tionalities. This assessment also checked their ability to use the tool
effectively and allowed them to resolve any remaining questions or
doubts. When participants indicated that they understood a particular
functionality, they were asked to demonstrate it.

5.2.2. Programming phase

In this phase, we aimed to examine how participants used Dear Diary
to capture their progress and contextual knowledge while working with
an unfamiliar framework. Participants were tasked with creating a web
application to check the weather forecast for a user-specified city using
the Angular framework. The app had to include a text field for entering
the city name, a button to submit the request to a weather API, and a
display area for the forecast results.

Participants received a document divided into two parts. The first
part guided them in setting up the development environment and
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introduced the fundamental concepts of Angular and Angular CLI. The
second part outlined the required functionalities and provided general
instructions on the components to use. This second part was inten-
tionally not written as a step-by-step tutorial, allowing participants to
explore and experiment with Angular, simulating a real-world learning
scenario.

The programming task was designed to be of medium-high difficulty
to challenge participants, encouraging them to consult external sources
like documentation, tutorials, and forums as they encountered obstacles.
Participants were encouraged to refer to any documentation or external
sources and were free to generate various forms of documentation, such
as code comments and handwritten notes. Most importantly, they were
explicitly told that the primary goal was to examine their use of Dear
Diary during the development process, not to complete the task within
a specific time limit or ensure flawless functionality.

Participants were asked to approach the task naturally, focusing on
their usual development practices. For example, if a participant typically
searches for documentation online before coding, they were encouraged
to do so. If they encountered an issue, they were encouraged to take
their time to resolve it, even if it meant consulting external sources or
experimenting with different solutions. Al coding assistants were not
installed on the laptop provided for the study. Their use was neither
explicitly permitted nor prohibited in the study protocol, and none of
the participants used Al coding assistants or web-based generative Al
tools during the programming task. They were given 40 min to work on
the task, and their screens were video-recorded. The experimenter was
present but did not interfere with or observe the participants to avoid
adding pressure.

5.2.3. Assessment phase

Immediately after the programming phase, participants were asked
to complete a questionnaire and participate in a semi-structured
interview. The questionnaire aimed to collect quantitative data on par-
ticipants’ experiences with Dear Diary, focusing on satisfaction, ease of
use, perceived usefulness, and the likelihood of recommending the tool
to others. The interview aimed to gather qualitative data on participants’
perceptions, opinions, and suggestions for improvement.

The questionnaire consisted of 8 questions (inspired by the ones
formulated by Horvath et al. (Horvath et al., 2022a)) with responses
rated on a Likert scale from 1 to 7, ranging from ‘Completely Disagree’
to ‘Completely Agree.” To ensure honest and unbiased responses, par-
ticipants completed the questionnaire alone while the experimenter
remained out of sight, and the responses were collected anonymously.
These measures were intended to reduce evaluation pressure, although,
as discussed in Section 6.2, they cannot fully eliminate possible social
desirability effects given the broader academic context of the study.

Half of the interview questions addressed the participants’ current
habits for tracking their development journey, such as note-taking,
documenting important information and solutions, and strategies for
recalling past solutions. This was important because the relevant base-
line for Dear Diary is not a single tool or practice, but a heterogeneous
set of strategies that programmers may combine differently, including
code comments, external notes, terminal histories, Git-based histories,
browser bookmarks, documentation pages, and personal recall. The
interviews therefore allowed us to characterize participants’ existing
documentation practices and situate their perceptions of Dear Diary
in relation to them, although the study did not include a controlled
comparison condition.

The other half focused on participants’ insights, thoughts, and expe-
riences with Dear Diary. These questions explored how they used the
tool during programming, scenarios where the tool could be more effec-
tive, features they found most and least helpful or confusing, and any
additional functionalities they would like to see. There was no time limit
for the interview, allowing participants to elaborate on their responses
as much as they wished. At the end of this phase, all participants were
rewarded with a university-branded mug.
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5.3. Data analysis

As mentioned in the previous section, Dear Diary’s persistence was
implemented by saving a log of all the interactions with timestamps in
a hidden JSON file. This implementation decision proved highly useful
for accurately analyzing participants’ tool usage and identifying usage
patterns among the participants. Additionally, the laptop screen during
the programming sessions was recorded in case additional insights into
user interactions were needed. In practice, however, the recordings were
only used to determine the exact moment when users completed the
programming task to build the consolidated timeline of the participants’
interactions with the tool (depicted in Section 5.4).

For the qualitative assessment, the audio recordings of the interviews
were transcribed using Microsoft Word’s transcription feature, and the
transcripts were subjected to qualitative thematic analysis using an in-
ductive and reflexive orientation (Braun and Clarke, 2006; Kiger and
Varpio, 2020; Braun and Clarke, 2019). Consistent with this orienta-
tion, we treated coding as an interpretive activity; analytic rigour was
supported through independent initial coding, collaborative discussion,
and the reporting of illustrative extracts, rather than through inter-rater
reliability metrics. Each author independently reviewed the transcripts
and generated initial codes without sharing them, to avoid influencing
each other’s criteria. The authors then discussed these codes to compare
and discuss interpretations, identify common patterns and the most re-
vealing data extracts, and agree on three themes. These themes were
used to structure the qualitative results (Section 5.5).

5.4. Quantitative results

To address RQ1, concerning how programmers use Dear Diary to
capture their development activity, we analyzed participants’ interac-
tion logs, focusing on how often the tool’s features were used and how
these interactions unfolded throughout the programming task. To ad-
dress RQ2, concerning the kinds of contextual knowledge recorded with
Dear Diary, we examined the content participants created through titles,
descriptions, notes, tags, and code-snippet annotations.

Table 2 outlines the number of times each feature was used by par-
ticipants during the programming task, the participants who used each
feature the least and the most, and the mean and standard deviation
for each feature. This initial quantification indicates diverse participant
behaviors, with substantial differences in how frequently and variably
different operations are utilized.

Given the relatively short time allocated for the programming task
(i.e., 40 min), we were pleasantly surprised to see that all partici-
pants took at least one snapshot, with an average of three snapshots
per participant. This behavior suggests that, as we intended when de-
signing the tool and the snapshot feature, participants used snapshots
not only to keep track of working versions of the project but also to
monitor small changes, difficulties, and progress toward a working so-
lution. Specifically, P9 created the most snapshots with a total of 7,
while P4, P10, and P14 each created only one. Interestingly, one of the
participants who made the fewest snapshots (P4) was also among the
participants who created the most code snippets (7).

Table 2
Summary of Dear Diary feature usage during the programming task.
Feature N Min Count Max Count Mean SD
(by Participants) (by Participants)
Snapshots 55 1 (P4, P10, P14) 7 (P9) 3.06 1.66
Terminal 95 0 (P3) 15 (P18) 5.28 3.72
Commands
Dependencies 2 0 (all except P1 1 (P1, P16) 0.11 0.32
and P16)
Files 33 0 (P5, P8, P15, 12 (P3) 1.83 2.71
P18)
Snippets 38 0 (P5, P7, P10, 7 (P4, P17) 211 2.47

P12, P16, P18)
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Annotating terminal commands, for its part, was the most popular
feature, with an average of 5.28 annotations per participant. Indeed, all
of them, except P3, annotated at least one terminal command, with P18
making the most annotations at 15. However, similar to what happened
with the snapshots’ feature, while P3 did not annotate any terminal com-
mand, he made the most file annotations (12). Conversely, P18, who
annotated the most terminal commands, made the fewest file annota-
tions. This variation highlights the participants’ diverse preferences for
interacting with Dear Diary’s features.

Regarding file annotations and code snippet creation, the higher
standard deviation compared to the mean for both features indicates
significant variability in usage. As shown by the maximum and mini-
mum values in the table, some participants used these features much
more frequently than average, while others used them minimally or not
at all. Finally, the least used feature was dependency annotation, with an
average of just 0.06 annotations per participant. Only two participants
used this feature: P3 and P18, each annotating one dependency. This
low usage suggests that either participants found this feature less help-
ful than others or they did not have sufficient time to explore it during
the programming task.

Additionally, to complement Table 2 and to provide a deeper look
at the features used by participants, Table 3 presents statistics on the
content created for each feature. It details how often titles, descriptions,
or notes were written and includes descriptive statistics on word length.

As we intended during the design of Dear Diary, the various descrip-
tions and notes comprised:

actions taken, e.g., P1: “Added a class to implement the weather
fetching service,” P11: “Application setup is done. Everything is
working fine!” P14: “I insert all the variables that I can refer-
ence in HTML, similar to ‘props,” and P9: “Corrected the terminal
commands that were previously wrong”;

questions or exploratory details, e.g., P2: “How do I create a
form and get the value from the form to change this variable?”
P17: “Should it be a variable? Maybe something like useState?”
and P11: “I had a problem while creating the app that I solved by
executing ‘sudo npm install.” A missing package probably caused
the problem”;

references to external resources, e.g., P16: “useful: https://
openweathermap.org/api/geocoding-api (to get weather by city),”
and P2: “How do I create a form and get the value from the
form to change this variable? I was reading this article: https:
//v17.angular.io/guide/forms”;

instructions or reminders, e.g., P15: “Remember to import the
module to use it,” P6: “Note that the name to enter here is the
selector name specified in the component.ts,” P11: “Remember

Table 3

Counts for notes, titles, and descriptions per feature, and word count
statistics. The values in the N column indicate how many times ti-
tles, descriptions, or notes were present in the feature occurrences. The
percentage reflects the proportion of all occurrences that included the
specified content.

Feature Word count

Snapshots N Min. Max. Mean SD
Title 55 (100.0%) 1 8 2.78 1.32
Description 38 (69.0%) 2 40 9.16 8.89
Terminal Commands N Min. Max. Mean SD
Note 90 (94.7%) 2 196 9.39 21.20
Dependencies N Min. Max. Mean SD
Note 1 (50.0%) 6 6 6.00 0.00
Files N Min. Max. Mean SD
Note 23 (69.7%) 1 26 8.78 7.05
Snippets N Min. Max. Mean SD
Note 38 (100.0%) 2 17 7.16 3.51
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Table 4

Tagged features summary.
Feature N Min. Max. Mean SD
Snapshots 43 (78.2%) 1 4 1.40 0.69
Terminal Commands 81 (85.3%) 1 3 1.22 0.47
Dependencies 2 (100.0%) 2 2 2.00 0.00
Files 20 (60.6%) 1 3 1.45 0.69

to run the command with privileges,” and P4: “This is the app
configuration file”;

and issues or errors encountered, e.g., P13: “Non-working line:
<app-hello-world> is not a known element,” P9: “Suggested cor-
rection for the terminal issue,” and P17: “Error importing the city
input component into the app component”.

Remarkably, one type of content we had not anticipated and that sev-
eral participants created spontaneously using the tool was the TODOs.
These were used to describe pending development tasks to be com-
pleted, e.g, P1: “TODO: Implement the service and correctly set up
the city input form in the template,” P12: “Form added to the front
end; onSubmit still needs to be handled” and P18: “Generated a
new component. Still need to: (i) modify the generic code in <comp-
name>.component.ts and <comp-name>.component.html; (ii) import
the <comp-name> component into app.component.ts and use it”.

On the other hand, concerning Dear Diary’s support for tracking non-
working application versions and unsuccessful terminal commands, the
application status field (‘Is the application working?’) was used in 45 of
the 55 snapshots (81.8%): 39 out of 45 snapshots indicated working
versions, while six were marked as not working. In the case of terminal
commands, the success field (‘Did the terminal command run successfully?”)
was used in 87 out of 95 cases (91.6%): 58 were successful, and 29 were
not. Unsuccessful terminal commands were commonly tagged with the
label “error,” and other tags included, for instance, “import errors” (P1),
“typo” (P2), “wrong command” (P5), “fail” (P6), and “spelling mistake”
(P17), among others.

Moreover, these commands were annotated with: explanations (e.g.,
P1: “Missing import in app.component.ts”, P8: “I didn’t include the
component in the import”, P18: “Doesn’t work since permissions are
needed”); questions (e.g., P2: “I don’t know why it says it can’t find
it; did I import it wrong?”, P18: “I got an error. Why? I forgot to run
‘npm -V’ first”); solutions (e.g., P5: “The right command is ng gener-
ate component hello-world”); uncertainties (e.g., P6: “It didn’t generate
the component, but I don’t understand why”, P11: “I didn’t understand
whether the installation worked because I got an error, but the app
was created anyway. Check it later, maybe.”); fragments from the ter-
minal output, captured by Dear Diary (e.g., P9: “Your cache folder
contains root-owned files, due to a bug in previous versions of npm
which has since been addressed (...)”); and TODOs or reminders (e.g.,
P16: “Unknown Angular error; need for sudo (maybe?), investigate!”).

Lastly, regarding the possibility of attaching tags to enable cross-
cutting searches within each snapshot, Table 4 presents the number of
snapshots, terminal commands, dependencies, and files with at least one
tag (N), along with the minimum, maximum, and average number of tags
per feature, as well as the standard deviation.

To accurately visualize and analyze each participant’s use of Dear
Diary during the programming task, we created a timeline of inter-
actions, as shown in Fig. 3. This timeline helps us understand how
participants engaged with different features and how their interactions
evolved. Each feature is marked distinctly, and colors indicate the snap-
shot number, ranging from 1 to 7, which reflect the minimum and
maximum number of snapshots. To standardize the figure, all interac-
tion timestamps were normalized to a 40-minute duration, as shown on
the x-axis. This adjustment accounts for minor variations in task com-
pletion times, such as differences in time spent on final annotations and
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saving. The timeline corroborates some of the observations previously
described and reveals additional insights, namely:

« In all cases, participants’ interactions with the tool were spread
throughout the programming task. Regardless of how frequently
they used Dear Diary, both frequent and infrequent users engaged
with it at various points during the implementation. This obser-
vation is noteworthy, as a possible trend might have been to
document everything at the end of the allotted time. Instead, par-
ticipants used the tool continuously, indicating that it integrated
smoothly into their workflow and allowed them to track their
progress and thoughts seamlessly without being particularly dis-
ruptive or distracting. Indeed, one of our design motivations was
to encourage this behavior by integrating the tool directly into the
IDE.

The lack of a common pattern in participants’ interactions with
Dear Diary—regarding timing and types of interactions—suggests
that our programming task was sufficiently open and flexible, al-
lowing each participant to approach it differently. In this regard,
while some participants began interacting with the tool from the
very beginning, others had few interactions during the first 10 min.
This flexibility is a positive aspect of the task, as it encourages
participants to engage with the tool in a way that best suits their
needs.

More importantly, the differences in how often each user
used different features suggest that participants appropriated
the tool in diverse ways, accommodating what each participant
deemed most relevant to track. For instance, while the interactions
of P2 and P18 suggest that the participants focused on tracking ex-
ecuted terminal commands, P3 and P13 preferred annotating files,
and P17 was more interested in creating and annotating code snip-
pets. There was also the case of participant P9, whose interactions
demonstrated the use of all the tool’s features. These interactions
were almost equally distributed between the first and second halves
of the implementation, with terminal commands used predomi-
nantly in the first half and files and snippets used in the second
half.

Although Dear Diary allows users to navigate between snapshots
that have been created and modify them and their resources at any
time, the prevalent trend was not to go back and modify re-
sources belonging to past snapshots. As can be discerned from
the colors assigned to each snapshot in the timeline, participants’
most commonly adopted behavior was to annotate files, create
snippets, annotate terminal commands and dependencies, and then
subsequently create the snapshot. This behavior reflects an incre-
mental approach in the use of Dear Diary. A more complex or
extended development task could likely encourage the navigation
and modification of past snapshots.

Another trend we identified in using Dear Diary was the creation
of snapshots that do not contain code snippets or annotations
for files, terminal commands, or dependencies. For instance,
in the timeline of P12, the second, third, and fourth snapshots
are not preceded by any other operations. A similar pattern is ob-
served with the second and third snapshots of participant P8. In
both cases, participants added very brief descriptions to the snap-
shots, serving as checkpoints to indicate what had been achieved
at that point in the implementation (P8: “Created the project and
launched the app”). Even in this mode of use, the extension allows
participants to add more detailed descriptions and tags to describe
progress in greater detail. Besides, participants can later return to
a particular snapshot and perform operations on the resources of
that specific version of the program.

In the timeline graph, it can be observed that some interactions
occurred almost simultaneously. Notice how the opacity of the
color in some markers is more intense than in others. In these cases,
the time elapsed between the two interactions was so short that,
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Fig. 4. Distribution of responses to the assessment phase questionnaire.

when plotted, the markers appear overlapping. This occurs both
with interactions of the same type and between different types of
operations, as seen, for example, in the timeline of participant P1
when, around the 20-minute mark, they logged a terminal com-
mand and almost simultaneously created a snapshot. Shortly after,
they commented on a file and created a code snippet. In our view,
the fact that this occurs indicates the ease of use of the tool, which
allows for smooth and quick use of the features required to track
the various resources involved in the development process.

To address RQ3, which concerns participants’ perceptions of Dear
Diary’s usability, relevance, and potential usefulness, we first analyzed
their questionnaire responses and then complemented this analysis with
the semi-structured interviews presented in the following section.

Fig. 4 shows the distribution of responses to the assessment phase
questionnaire, while Table 5 complements this visualization by re-
porting item-level descriptive statistics. Overall, participants reported
positive perceptions of Dear Diary’s ease of use and clarity. They also
reported positive perceptions of Dear Diary’s relevance to their tasks
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Table 5
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Item-level descriptive statistics for the assessment phase questionnaire. Responses were collected on a 7-point Likert
scale, from 1 (‘Completely disagree’) to 7 (‘Completely agree’).

Item N Min. Max Median  Mean  SD

Q1: I find Dear Diary easy to use 18 5 7 6.00 6.06 0.73
Q2: Dear Diary helps me achieve my goals 18 4 7 6.00 5.67 0.91
Q3: My interactions with Dear Diary are clear and easy to understand 18 4 7 6.00 6.17 0.92
Q4: Learning to use Dear Diary is straightforward for me 18 4 7 6.50 6.28 0.89
Q5: I believe Dear Diary would be beneficial for my daily tasks 18 4 7 6.50 6.22 0.94
Q6: I enjoyed the features that Dear Diary offers 18 5 7 7.00 6.50 0.62
Q7: I would like to use this tool for my personal or professional needs 18 5 7 6.50 6.28 0.83
Q8: I would recommend Dear Diary to friends and colleagues 18 5 7 6.00 6.28 0.75

and willingness to continue using it for personal or professional needs
and to recommend it to friends and colleagues. Across the questionnaire,
all items had median values of 6.00 or higher, and mean values ranged
from 5.67 to 6.50 on the 7-point scale.

Q2 (‘Dear Diary helps me achieve my goals’), for its part, showed the
lowest mean score among the questionnaire items, although it remained
above the midpoint of the scale. We interpret this pattern in light of
the study design. Unlike items focused on ease of use, clarity, or feature
relevance, Q2 asks participants to judge Dear Diary’s contribution to
goal achievement. This is a broader judgment, especially in a short task
where the programming goal was defined by the study rather than by
participants’ own ongoing projects. For this reason, we treat Q2 as a
cautious indicator of perceived usefulness and as motivation for future
longitudinal studies in which developers use Dear Diary toward self-
defined development goals over time.

5.5. Qualitative results

Qualitative results stem from the analysis of the semi-structured in-
terviews conducted with all participants. These interviews averaged 25
minutes in duration, with the shortest lasting 12 minutes and the longest
lasting 1 h, and 8 min. The standard deviation of the interview lengths
was 14 min. Below, we present the three themes identified as the most
relevant from our thematic analysis.

The semi-structured interviews further informed RQ3 by providing
detailed accounts of how participants interpreted Dear Diary’s features,
possible use cases, and relationship to their existing documentation
practices.

5.5.1. Comprehensive feature coverage and IDE integration as drivers of
positive perception and willingness to use the tool

When asked about their favorite and most useful features, all
features—except dependencies—were selected by several participants.
Regarding dependencies specifically, several participants mentioned
they had not used this functionality primarily because the time allocated
for the programming task was limited and the required functionality was
very specific. Consequently, they did not have the opportunity to com-
pare and evaluate different library options during development. On the
other hand, P14 indicated that “once I find that library or dependency,
I install it, and I know why I’'m installing it theoretically (...) I wouldn’t
see myself using it (the dependency annotation functionality) anymore.”

With the files and code snippet features, the most appreciated aspects
were: firstly, the ability to avoid cluttering the code (e.g., P17: “In the
code comments, I might keep things more concise to avoid cluttering
the code. However, since they (Dear Diary code snippets) are separated
from the code, I feel freer to explain things in more detail”); secondly,
the possibility to describe the functionality informally and, regardless
of how large a code file is, quickly locate the parts of the code where
comments were added (e.g., P3: “in general, the ability to tag or com-
ment on something and then search for that keyword to find where it
is in the code is very useful. Being able to comment on a component,
like saying ‘this component does this,” and then searching for it by key-
word is very helpful for me”); and thirdly, the accuracy and specificity
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of the code snippet annotations, which are precisely linked to specific
code fragments (e.g., P3: “The ability to take notes, especially those as-
sociated with a file or, even better, with a specific code snippet, is what
I found most useful,” and P2: “the fact that you can add both general
comments on files and specific comments on code seems quite versatile
and addresses most of what needs to be covered in the project”).

Many participants highly appreciated the terminal commands fea-
ture. This appreciation stemmed from the fact that, despite most instal-
lation, configuration, and project execution tasks being done through
terminal commands, programmers currently lack a way to track the com-
mands they have executed or the results of each command (e.g., P9: “at
least in the code, you can add a comment, but in the terminal, you can’t
put anything,” P11: “without Dear Diary, after you execute a terminal
command, you close the session, and you lose everything,” and P6: “(the
terminal command feature) is very nice because I always forget which
commands to use to install certain dependencies”). Furthermore, even if
they wanted to and attempted to do so, without Dear Diary, participants
found it challenging to keep track of their executed terminal commands
and their outputs (e.g., P2: “(...) it’s impossible to do otherwise, and
it’s a bit tiring to remember to go and write them down in a separate
file,” and P9: “(...) for example, [with Dear Diary] when you execute a
command, it shows the output directly below it. This is very convenient
because saving things in your own file can become a 20-page document
and get confusing. With Dear Diary, it’s much clearer because you have
the output for each instruction and your corresponding comment”).

Similarly, other participants found the snapshot feature particularly
useful because it enables them to easily track project versions over time
and navigate to previous snapshots to review progress at specific mo-
ments, thanks to the annotations, tags, and indications of erroneous or
successful project executions (e.g, P1: “the part I personally find most
useful is the snapshots because they allow the user to see the entire situa-
tion at a specific moment in time without needing to use a Git repository,
perform revert operations, or navigate back and forth. Instead, we have
a personal log where we already know what the snapshots are and what
they do. We also have high-level, qualitative comments that make it eas-
ier to manage,” and P1: “saving snapshots of important points in what
you’ve done can be useful for later when you need to investigate and re-
call how you solved a particular problem (...) to recall how you solved
it, you might have a more detailed outline compared to what you would
have without it”).

Because the interviews asked participants about their existing prac-
tices for tracking development knowledge, the qualitative results also
help situate Dear Diary in relation to those practices. Participants de-
scribed heterogeneous strategies that often combined multiple partial
solutions, such as code comments, external files, terminal history, Git
commits, and personal memory. These contrasts with Dear Diary should
therefore be understood as situated qualitative comparisons with their
own documentation practices, rather than as a controlled experimental
baseline.

In this context, aside from participants’ preferences for specific
functionalities, we observed that a significant part of their positive per-
ception and willingness to use the tool lies in its ability to track the
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development journey directly from the IDE. This capability helps to
firstly, decrease cognitive load (e.g., P5: “I use external files to save var-
ious things, and it can be mentally taxing to switch windows. If 'm
reflecting on a specific piece of code, switching to a completely differ-
ent view can be complicated and disrupt my logical flow. With this tool,
I can mark things with just a button and then return to coding, which
helps me maintain my focus”); secondly, prevent forgetting important
information (e.g., P3: “maybe at that moment I write something down
thinking I'll remember it, but later I don’t know where it went. Instead,
with Dear Diary, my comments are precisely linked to the code”); and
thirdly, maintain the project’s resources in their original format, particu-
larly concerning the code. This is not possible when copying and pasting
code into other programs, where indentation, text colors, and fonts gen-
erally become distorted (e.g., P6: “I don’t like having code in plain text
format; it bothers me. I prefer having colors to distinguish different el-
ements. So, it’s actually convenient to see the code with all the context
directly. It’s useful to have everything clearly presented”).

Taken together, these accounts suggest that participants valued IDE
integration not only as a matter of convenience, but because it reduced
the translation work normally required to move situated development
knowledge into external documentation. When notes are kept in sep-
arate files, programmers must decide what to copy, how to preserve
formatting, how to describe the relevant context, and later reconnect
the note to the corresponding code, command, or project state. Dear
Diary’s design reduces this gap by keeping explanations close to the
artifacts that produced them. This helps explain why participants val-
ued features differently: code snippets, files, terminal commands, and
snapshots each supported a different kind of contextual anchoring. The
broader insight is therefore not simply that participants liked several
features, but that they perceived value in having multiple artifact-
specific ways to capture knowledge without leaving the development
environment.

5.5.2. Participants’ perspectives on the potential applications of Dear Diary:
collaborative and academic use cases

During the interviews, participants were asked about scenarios
where the tool could be more effective. They emphasized that in col-
laborative settings, tracking the development process serves as valuable
guidance for other programmers. In words of P17: “(Dear Diary) can
be useful in a team to keep track of things that might be missed. For
instance, it helps someone who doesn’t understand a decision made by
another person to grasp the reasoning behind it, allowing them to see
not just what a particular version does, but also how the person arrived
at that decision.”

In line with this collaborative potential, other participants high-
lighted the relevance that Dear Diary could have in other courses they
were taking. Specifically, P5 envisioned the tool relevance in a Software
Engineering course, where work is done in groups, and particular at-
tention is given to the design phase of the application: “(...) maybe not
only during the programming phase but also in the design phase. In my
opinion, this could be useful. For example, we have a design phase in
the course where we document our design. Having a tool that tracks all
the research we’ve conducted and the information we’ve gathered from
the internet could be very beneficial.” P2, for their part, expressed their
willingness to use the tool in a Machine Learning course group project
where error tracking was crucial: “In the course project, which was quite
complicated and done in pairs, I tracked the errors I encountered and
how I fixed them by linking to the relevant pages, knowing I might have
to explain it to someone else trying to do the same thing. However, I
always used text files for this.”

Interestingly, P16, who also works as a data scientist at a devel-
opment company, highlighted Dear Diary’s collaborative potential in a
professional setting, noting that it would have significantly improved
their experience when getting involved in legacy projects: “I would
gladly use it at work with others. I mean, I would have liked it if, when I
started at work, all the projects had this kind of tracking. Instead, I had
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to check everything on my own, and often it wasn’t clear what had been
done. Having this type of tracking would have been a game-changer for
me.”

Aside from its collaborative potential, participants also suggested
that Dear Diary could be used in academic settings, particularly dur-
ing live programming sessions. In the case of the course attended by the
study participants, this corresponded to the second half of the lectures,
where the professor illustrated how to apply the theoretical concepts by
working on an exercise that was implemented incrementally through-
out the semester (e.g., P2: “I think it might be more useful during the
semester when you’re attending classes (...) even the professor encoun-
tered errors during live programming, and it can be useful to note these
down. Indeed, I tried adding comments like ‘if you do this, this happens,’
to document common errors that the professor encountered and later
happened to me while working on the project,” and P12: “Generally,
during exercises where the professor writes the code and you just listen,
you learn to understand what potential errors might be. However, this
could be a way to integrate that knowledge”).

These examples extend the value of Dear Diary beyond individual
note-taking. Participants’ suggested collaborative and academic scenar-
ios point to a transfer problem: development knowledge is often created
in one person’s activity, but later needed by someone else, such as a
teammate, a student, or a developer joining an existing project. In these
situations, the relevant information is not only the final code or the fi-
nal working version, but the path through which the result was reached,
including decisions, errors, consulted sources, and explanations that
may otherwise remain implicit or disappear after the task. Dear Diary’s
snapshot-based and artifact-linked structure was therefore perceived as
a way to make this situated knowledge more shareable and teachable. At
the same time, these scenarios also reveal that the tool’s usefulness may
depend on social and organizational practices, such as whether teams or
instructors consistently create and maintain meaningful records.

5.5.3. ‘I don’t see it as a tracking of changes, i see it more as a storytelling
of the project’

As the title of this subsection indicates (quoted from P16), par-
ticipants highlighted how Dear Diary differs from VCSs as well as its
benefits. Expanding on this, P16 provided a key insight into these dif-
ferences that aligns well with our design goals and the distinguishing
factors of our tool compared to VCSs:

If, for example, I come across a project that I really like, I can’t sim-
ply arrive and see how the new project is set up. I can’t just install
and run it and then understand how it was done. I need to figure out
what the developer did—what are the main components, what er-
rors occurred, and how they were resolved. For instance, if an error
was resolved by re-running a command, understanding this process is
crucial. Essentially, it’s about understanding the developer’s rea-
soning and approach rather than just knowing what a specific
version does.

Along the same lines, P2 pointed out that while commit messages
have a maximum length that limits the ability to fully explain the rea-
soning behind implementations, Dear Diary allows for more extensive
explanations and detailed commentary on the development process:
“Instead of asking other programmers multiple questions or trying to
understand what they wrote in the commit message, which might still
need explanation, it’s much more convenient this way. You can provide
the entire block of information, and they can see, ‘okay, they did this for
this reason and in this manner.’ ”

Furthermore, P8 also emphasized the advantages of Dear Diary, not-
ing that it offers more specificity than VCSs. With features like snapshots,
detailed code comments, and tags, Dear Diary provides a richer source of
information: “Dear Diary is much more specific; you can use snapshots,
comment on the code in more detail, and use tags. So, there is more
information available. Overall, it is much more useful from that per-
spective.” Additionally, P7 highlighted that Dear Diary helps maintain
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a coherent trace of the development journey and the reasoning behind
implementation choices, which is especially important in group work:
“Through commits, I can see the history and retrace what I’ve done.
However, when working in a group, it’s crucial to update everyone step
by step to maintain a coherent workflow and help others understand,
because while you might grasp what you’ve done, others may not.”

This theme clarifies that participants did not interpret Dear Diary
merely as a more detailed version-control interface. Rather, they framed
it as a different kind of record: one concerned with the meaning of de-
velopment actions, not only their occurrence. Git-based histories can
show that a change happened and, through commit messages, pro-
vide a short explanation; participants’ accounts suggest that Dear Diary
can complement this by capturing why a path was taken, which alter-
natives or errors shaped it, and how heterogeneous artifacts such as
commands, outputs, files, and snippets relate to one another. The phrase
“storytelling of the project” captures this distinction: the value lies in
preserving a narrative of reasoning and recovery that can make a de-
velopment journey intelligible to the original programmer or to others
later.

6. Discussion and future work
6.1. Discussion

The study results provide an initial account of how Dear Diary
supported participants in capturing their development activity during
a controlled framework-learning task. The combination of interaction
logs, questionnaire responses, and semi-structured interviews offers a
nuanced perspective on how participants integrated the tool into their
workflow, which features they used, what kinds of contextual knowledge
they recorded, and how they perceived its usability and relevance. These
findings speak primarily to the capture phase of the development jour-
ney: the creation of rich, artifact-linked records that can later support
reflection, retrieval, and reuse.

» One of the most relevant findings was that the timeline visual-
ization allowed us to observe how participants used Dear Diary
throughout the programming task, rather than saving all their notes
for the end. This continuous engagement suggests that participants
were able to incorporate the tool into the ongoing programming ac-
tivity, at least within the controlled setting of the study. The pattern
of annotating files, creating snippets, and then generating snap-
shots points to an incremental capture practice, where participants
recorded progress, decisions, and issues step by step. This behavior
aligns with Dear Diary’s goal of supporting documentation “on the
go” directly within the IDE.

The qualitative and quantitative outcomes suggest that partici-
pants particularly valued Dear Diary’s integration with the IDE,
especially for managing code comments, snippets, and terminal
commands. Participants’ comments indicate that handling these
elements directly within the IDE may reduce context switching,
help prevent information loss, and preserve the original formatting
of code. These findings support the design rationale for IDE inte-
gration, while longitudinal and comparative studies are needed to
examine how these perceived advantages relate to programmers’
existing documentation workflows.

From the participants critical insights during the semi-structured
interviews, emerged the fact that in academic and collaborative
contexts, Dear Diary was seen as a valuable tool for enhancing both
individual and group projects. Participants highlighted its poten-
tial for detailed tracking of design decisions and error resolutions,
which could facilitate better learning and understanding. The tool’s
applicability in live programming sessions was also noted, as it
could aid in documenting errors and solutions during instructional
exercises, enriching the learning experience and providing a de-
tailed record of common issues and their resolutions (Fast et al.,
2014).
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« In contrast, the dependency annotation feature saw minimal use,
with only two participants engaging with it. This limited en-
gagement suggests that the feature may have been overlooked or
deemed less relevant compared to others. This finding points to a
potential area for improvement, indicating a need to explore why
this feature did not gain traction and how it could be made more
appealing or useful for users.

« An unexpected yet notable finding was the spontaneous creation
of TODOs by several participants. This feature, which was not
initially anticipated, became a significant part of the note-taking
process. This behavior reflects Dear Diary’s adaptability and its
ability to evolve with user needs, supporting task management
and planning within the development process. The integration of
TODOs illustrates the tool’s flexibility in accommodating various
documentation practices. Integrating this feature could be partic-
ularly relevant, as literature suggests that a significant proportion
of TODO comments in open-source projects remain unresolved or
take a long time to be addressed (Wang et al., 2024b).

Finally, the increasing use of Al-assisted development tools raises
important questions about how Dear Diary could fit into future program-
ming workflows. Al coding assistants can help developers generate code,
explain errors, suggest terminal commands, or summarize implementa-
tion alternatives. However, these tools do not automatically preserve a
situated record of the developer’s journey across project states, terminal
outputs, dependencies, unsuccessful attempts, and self-explanations. In
this sense, Dear Diary addresses a complementary problem: helping pro-
grammers externalize and organize the knowledge that emerges while
developing, including what they tried, what failed, what they accepted,
what they rejected, and what they want to remember.

At the same time, Al could become a valuable means for facilitat-
ing this tracking process. For example, future versions of Dear Diary
could use Al to suggest tags, summarize terminal outputs, identify
potentially relevant errors, or draft initial descriptions for snapshots,
files, commands, and dependencies. Nevertheless, we see such support
as a human-in-the-loop aid rather than as a replacement for the pro-
grammer’s agency. A central design principle of Dear Diary is that
programmers should be able to describe their development journey in
their own terms, selecting what is meaningful and articulating expla-
nations that will remain understandable and useful to themselves or
others later. Fully automating this process could undermine the reflec-
tive value of the diary metaphor; Al assistance should therefore reduce
friction while preserving users’ control over what is captured and how
it is explained.

6.2. Limitations and scope of claims

Our study has limitations related to participant sampling and the
interpretation of self-reported data. Participants were recruited among
former students of a web development course taught at the authors’ in-
stitution, which may have introduced sampling bias and possible social
desirability effects. However, most participants (11 out of 18) were re-
cruited through the instructor of another section of the course, who did
not take part in the study sessions, data collection, or analysis. In ad-
dition, the sessions were conducted by a researcher who did not know
and had not taught the vast majority of the participants (15 out of 18),
and questionnaire responses were collected anonymously. These mea-
sures mitigate the risk of direct instructor—student pressure, but they do
not fully eliminate the possibility that participants’ questionnaire rat-
ings and interview responses were influenced by the broader academic
context. Therefore, we interpret these self-reported data as indicators of
perceived usability, relevance, and potential usefulness, rather than as
standalone evidence of objective effectiveness.

Our participant sample should also be considered in relation to the
goals of the controlled study. Recruiting graduate Computer Engineering
students who had recently completed a web development course al-
lowed us to involve participants who were familiar with web application
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concepts and Visual Studio Code, while still being unfamiliar with the
framework used in the task. This made the sample suitable for studying
the initial use of Dear Diary during a framework-learning activity. At the
same time, the sample was relatively homogeneous in terms of age, edu-
cational background, and institutional context. Therefore, our empirical
findings should be interpreted as initial evidence from this specific pop-
ulation and setting, rather than as representative of all programmers
learning new frameworks. Professional developers may face different
workflows, collaboration practices, time pressures, and documentation
constraints, which should be examined in future studies.

The study did not include a controlled comparison condition or ex-
perimental baseline. A direct comparison is not straightforward because
the relevant baseline for Dear Diary is not a single tool, but a het-
erogeneous set of documentation practices that programmers combine
differently, such as plain text notes, Notion pages, wikis, code comments,
Git commit messages, terminal history, browser bookmarks, and per-
sonal recall. For this reason, the semi-structured interviews explicitly
examined participants’ current habits for tracking their development
journey, including note-taking, documenting important information and
solutions, and strategies for recalling past solutions. These data allowed
us to interpret participants’ perceptions of Dear Diary in relation to their
existing practices, and several participants contrasted Dear Diary with
external files, code comments, terminal history, and Git-based work-
flows. Thus, the present study provides a situated qualitative comparison
with existing practices, but it does not determine whether Dear Diary
provides measurable benefits over those practices in terms of effective-
ness, efficiency, or long-term reuse. Controlled comparative studies are
needed to quantify relative benefits, costs, and trade-offs.

6.3. Future work

Future work will build on the quantitative and qualitative findings
from the lab study, emphasizing participants’ insights and suggestions.
We organize these directions around three areas: evaluating Dear Diary
beyond the initial capture phase, exploring new use contexts, and
extending the tool’s functionality.

First, future work should evaluate Dear Diary longitudinally and
comparatively, beyond the initial capture phase studied here. A longer
deployment would make it possible to examine whether programmers
return to previous snapshots, retrieve and reuse captured explanations,
and benefit from the accumulated record of errors, decisions, terminal
commands, dependencies, and implementation alternatives over time.
Such studies should also examine Dear Diary in relation to the hetero-
geneous documentation practices that programmers already combine,
such as plain text notes, wikis, Notion pages, code comments, Git com-
mit messages, terminal history, browser bookmarks, and personal recall.
This would make it possible to assess how Dear Diary complements, re-
organizes, or replaces parts of existing documentation workflows across
different settings. Future studies should also examine Dear Diary with
more diverse populations, including professional developers learning
unfamiliar frameworks in industry settings, to understand how the tool
fits different workflows, collaboration practices, time pressures, and
documentation constraints.

Second, future work should explore new use contexts for Dear Diary.
One promising direction, suggested by participants, is the use of Dear
Diary during live programming sessions. In this scenario, project el-
ements could be annotated with the professor’s explanations, advice,
considerations, and reminders captured during the lesson. Participants
observed that valuable insights, which could help students better un-
derstand the code and underlying concepts, often get lost in the flow
of a live session. They also mentioned struggling to balance attention
between the professor’s explanations and copying the code onto their
laptops. As a result, they often wrote quickly without fully grasping the
steps or reasoning behind each development task.

In light of this situation, and considering that in the course followed
by the participants in our study, both the professor and students use the
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same IDE (Visual Studio Code), we could develop a mechanism to peri-
odically synchronize the professor’s project to each student’s computer
at the professor’s discretion (in the form of Dear Diary snapshots) dur-
ing live programming sessions. By doing so, students could focus more
on the professor’s explanations rather than on copying the code, and
most importantly, they could rely on Dear Diary’s features to associate
relevant information with the project’s elements and the development
activities. Naturally, in the design of this approach, we will need to
balance the learning advantages of manually copying the professor’s
code and performing development activities on students’ laptops with
the alternative of sharing resources in real-time with the students. The
assessment of this approach will be conducted through a large-scale
field study involving students and professors during an introductory
web development course (different from that followed by the lab study
participants).

Finally, improvements to Dear Diary should focus on extending its
functionality, both through participant-suggested features and through
Al-assisted support. Future work should explore human-in-the-loop Al
support for Dear Diary, for example by suggesting tags, summarizing
terminal outputs, identifying relevant errors, or drafting initial de-
scriptions, while preserving programmers’ agency to decide what is
meaningful to capture and to describe their development journey in their
own terms.

The new features envisioned by participants that we plan to imple-
ment include the ability to capture and track tasks (TODOs), which
participants spontaneously used Dear Diary for. Each task can be as-
sociated with various elements, allowing programmers to track their
progress and, once completed, indicate how the task relates to code snip-
pets, files, terminal commands, and dependencies. In P3 words, such
functionality would be “(...) like a tracker of what I’ve done and what
I need to do; exactly like a bookmark.” Another feature participants
considered necessary to add relates to the ability to perform global
searches: cross-sectional searches allowing resources within all snap-
shots to be located from a unified point. This way, notes, descriptions,
and tags would not be scattered within each snapshot but shared across
the entire project. As stated by P18: “I think it would be useful if it
could also search across other snapshots because I might not remember
in which snapshot I did something or left a comment.”

Improvements to existing features include the ability to reuse tags,
allowing the system to suggest autocompletion based on tags used in
the past as the programmer types. This would enable users to quickly
select previously used tags, ensuring more consistent categorization and
enhancing the effectiveness of the search feature. Additionally, we plan
to incorporate the ability to format descriptions and notes with ba-
sic options such as bullet points, bold text, and special formatting for
links. This enhancement addresses the issue that extensive annotations
made by participants can be difficult to interpret when presented only in
plain text. Finally, participants suggested two usability enhancements:
adding colors to tags to provide visual cues for easier identification
and use, and introducing shortcuts to enable quicker access to Dear
Diary features.

7. Conclusion

This paper introduces Dear Diary, a Visual Studio Code extension de-
signed to support programmers in tracking their development journey
by providing self-explanatory insights related to code snippets, files, exe-
cuted terminal commands, and dependencies. These insights account for
their decision-making process, encountered errors, consulted sources,
exploratory details, and noteworthy advice. After conducting a con-
trolled user study with 18 participants, in which they used Dear Diary
during a realistic framework-learning task, quantitative and qualitative
results provide initial evidence that participants were able to use the tool
to capture diverse aspects of their development activity, including notes
related to code snippets, files, terminal commands, dependencies, er-
rors, consulted sources, exploratory questions, reminders, and TODOs.
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Participants repeatedly used the features offered by the tool through-
out the assigned programming task, suggesting that Dear Diary can
be incorporated into ongoing development activity without necessarily
postponing documentation until the end of the task. They also reported
positive perceptions regarding the tool’s usability, relevance, and poten-
tial usefulness, and identified additional scenarios in which Dear Diary
could be valuable. These findings support the value of Dear Diary’s
capture-oriented design, while future longitudinal work is needed to
evaluate how developers revisit and reuse these records over extended
development processes. Future work will also focus on leveraging the
collaborative potential identified by participants and assessing the tool’s
applicability in academic settings, specifically in programming-related
courses during live programming sessions conducted by the professor.
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