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ABSTRACT

While creativity is often romanticized as a serendipitous ’aha’ mo-
ment of insight, in reality, it is an iterative process that often in-
volves searching for information on the Web. In this paper, we
investigate the role of web search throughout the creative process.
We conducted a longitudinal study involving 15 professionals en-
gaged in creative work, such as scientific research, startup product
design, and policy development, observing them throughout their
one to six-month-long projects. We developed Web ChronoLogger,
a browser extension that logs Web Search and Project document
activity over the course of the project in an intuitive, transparent,
and privacy-preserving manner. Additionally, we collect qualitative
insights from participants reflecting on their logs through weekly
surveys and a post-study interview. We find quantitative patterns
in how participants search the web and work with information in
working documents throughout their creative projects. Web search
was used even when generating ideas and defining goals, stages
often assumed to involve just mental processes. Further, patterns
in the content, structure, and edit history of how participants work
with information found on the web can encode signals about the
user’s context, such as patterns and gaps in their knowledge, project
goals and progress, and work style. This study’s longitudinal per-
spective provides a foundation for building the future of web search
tools in ways that support the entire creative workflow.
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1 INTRODUCTION

Whether engaged in scientific research, designing innovative startup
products, or developing forward-thinking policies, professionals
frequently turn to Web Search to spark and fuel their creativity.
As the primary gateway to the vast repository of knowledge on
the World Wide Web, Web Search offers an efficient and powerful
way to explore, learn, and uncover new information about topics of
interest. From seeking to understand more about a topic to finding
inspiration and solutions, Web Search is one of the most widely
utilized tools in the creative process [27].

Despite the prevalence of its use in creative work, relatively
little is known about how Web Search influences and supports the
various stages of creative workflows. However, recent studies from
the CHIIR community have begun to shed light on this topic. A 2019
survey by Zhang and Capra [40] shows that people rely on Web
Search across various creative domains like arts, writing, cooking,
and technical projects. While much of the research on creative
search has been conducted in controlled settings [13, 21, 37], Zhang
et al’s 2020 diary study [41] revealed that users prefer different
information resources depending on the stage of their creative
process—for example, using images for ideation or social media
for feedback. Further, in a controlled lab study Chavula et al. [5]
identified four key processes when searching for ideas: planning,
idea generation, synthesis, and organization. This paper builds on
these insights to provide a deeper understanding of creative search
practices by collecting quantitative logs and qualitative self-report
data observing real-world professionals search and work on their
creative projects over longer periods.

In this paper, we build on this knowledge by conducting a longitu-
dinal study observing 15 professionals working on diverse creative
projects that lasted one to six months. Further, we collect both
quantitative logs of Web Search and Project Document activities.
We developed Web ChronoLogger, a browser extension that logs
participants’ interactions with Web Search and project Project Doc-
ument. It captures this data in a user-friendly, transparent, and
privacy-respecting manner, and visualizes the logs in real-time to
enable real-time reflection of participants on their own work pat-
terns. Additionally, we collected qualitative self-report data from
weekly surveys and pre- and post-study interviews.

Analysis of Web Search and Project Document activity logs,
combined with weekly survey responses, provides insights into the
creative process. First, we find quantitative evidence demonstrating
that creative processes are non-linear and iterative in nature. For
instance, we find that while the activity of discovering insights
largely takes place earlier in the process, participants continue to
discover new insights even in the mid and later stages of the project.
Second, participants actively search and synthesize information
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across all creative activities — including stages generally assumed
to be offline or mental processes such as defining and scoping their
project, generating new ideas, and refining and implementing ideas.
Third, we find that most participants exhibited a double peak in
productivity — spending more time during early and later sessions
of the project but showing a lull in activity during the middle of
the project. They also took longer breaks between work sessions
early on, and these breaks progressively shortened as the project
advanced. Lastly, we find that the Project Documents’ content,
structure, and change logs can encode contextual signals about the
user, such as patterns and gaps in their knowledge, project goals
and progress, and work style. Based on these insights, we conclude
the paper by discussing how to design Web Search to better support
different stages and sessions of the creative process.
Overall, this paper makes the following contributions:

¢ Empirical mixed-methods approach to observing pro-

fessionals’ search and work activity longitudinally through-

out their creative projects : Quantifying when and how
Web Search is used in creative workflows, and qualitatively
analyzing how found information is worked with in docu-
ments can provide signals of user’s context.
A novel Web browser extension, Web ChronoLogger:,
which collects and visualizes Web Search and document
activity, providing transparency, giving participants control
over data sharing, and generating visualizations to enable
real-time reflection on their behavior. !
e Design opportunities for future Web Search systems:
to better support creative work patterns across sessions and
stages.

2 RELATED WORK

This paper builds on prior work done to capture and understand
Web Search behavior.

2.1 Methods To Study Web Search

Researchers have employed a variety of methods to study Web
Search and information work patterns. These methods include
analyzing search engine and Web browser logs (e.g., [14, 31, 35]),
gathering self-report data through surveys, interviews, or diary
studies with end-users (e.g., [19, 41]), and recruiting participants
for controlled tasks (e.g., [13, 36, 37]). However, as is the case with
any methodology, there are trade-offs to consider. Logs can provide
in-situ data from a large user base but may lack qualitative depth.
Self-report data, while valuable, may exhibit gaps or inconsistencies
compared to observed behavior. Additionally, controlled, in-lab
task performance may exhibit unexpected differences from natural
search behavior. To record a user’s interactions with search browser
during a search session, IR and HCI researchers have developed
systems for activity logging that record queries issued and Web
pages visited over time, click depths, mouse trails and movements,
eye fixations and saccades, dwell times, key-presses, etc. [2, 18, 23,
30, 34].

This paper also extends prior methods by extending the time
scale of analysis (i.e., months rather than weeks or hours), level of

'Web ChronoLogger Extension and Open Source Code: https:/github.com/
creativecolab/WebChronoLogger

data richness (i.e., quantitative and qualitative data), and observ-
ing multiple sources of information (i.e., search engine and Project
Document logs). To log interactions with the search browser and
Project Documents when working on a long-term project across
multiple work sessions, we develop a custom Web browser exten-
sion that logs in a privacy-protecting, transparency-preserving
manner, which gives participants control over what data to share
with the researchers, while also enabling real-time reflection on
their own behavior patterns. Our study adds rich data and builds
on this prior work by triangulating a mixed-methods approach by
logging activity with privacy controls and structuring self-reports
using the participants’ data as a reflective prompt.

2.2 Web Search Behavior & Work Patterns
During Creative Work

While the HCI and Information Retrieval research communities
have gathered insights on exploratory and creative, most of the
prior work has only observed individuals during a short period of
time in controlled lab studies [13, 36, 37] or gathered data from
over a large group of people [29]. We aim to build on work done
so far to add rich qualitative and quantitative data-driven insights
from data collected longitudinally throughout a real-world project.
This section organizes prior research along with our three research
questions: (i) investigating work patterns around time spent and
browser interactions, (ii) information needs, and (iii) search chal-
lenges during the creative process.

2.2.1 Work Patterns: In previous research efforts, scholars have
explored the relationship between search behavior and learning out-
comes, focusing predominantly on laboratory studies. The Search-
as-Learning community has contributed by developing tasks and
measures based on Anderson and Krathwohl’s Taxonomy of Learn-
ing, which identifies six cognitive processes: remember, understand,
apply, analyze, evaluate, and create [15]. Jansen et al. [13] found
that search tasks at the apply and analyze levels required more
effort in querying and result exploration than tasks at other lev-
els. Conversely, Wu et al. [37] discovered that search interaction
increased with higher levels of cognitive learning, as indicated by
time on task, the number of queries, results clicked, and URLs vis-
ited. More recent work has started extending this exploration into
the realm of creative work beyond learning [21]. They find that
engaging in more active and diverse search behavior, characterized
by frequent and varied queries and exploring a greater number
of Web pages, was associated with greater progress in the early
stages of design, resulting in the accumulation of facts, insights,
and refined problem frames.

In 2000, Vakkari studied students’ problem stages in writing
research proposals, connecting them to changes in search tactics,
term choices, and relevance assessments [32, 33]. Both studies high-
lighted the interconnectedness of task performance stages with in-
formation types, search tactics, and relevance judgments, although
the applicability of these models to the present WWW3 landscape
remains uncertain. Furthermore, these studies focus on creative
work as primarily one type of activity instead of iteratively work-
ing through a range of creative activities, including discovering
insights and research, defining project goals, generating new ideas,
refining and implementing ideas, and communicating ideas and
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artifacts (as described by [7, 20, 28]). Chavula et al. [5] identified
four distinctive yet interconnected processes when searching for
ideas: planning for creative search tasks, searching for new ideas,
synthesizing search results, and organizing ideas. Searchldea is a
search tool to support these processes, particularly in academic
research [6]. Xu et al’s study identifies four distinct patterns of how
web search depends on the maturity of searcher’s idea: Orienters,
Refiners, Confirmers, and Pivoters [38].

2.2.2  Information Needs: Zhang et al’s 2019 survey study found
that people use Web Search across a range of creative domains
such as the arts, writing, cooking, and technical projects [40], and
across creative stages like creating ideas, combining ideas, execut-
ing plans. his research also found that people searched for different
resources and tools depending on the creative stage of the project.
For example, users in the discovery stage are likely to use search
engines, while those creating ideas may lean more on image gal-
leries and social media [40]. Zhang et al’s 2020 diary study [41]
conducted over two weeks built on these results and found that
during creative work, people search for procedural information,
domain information, tips/opinions/recommendations, information
about specific topics, and inspiring or motivating information.

2.2.3 Search Challenges: 1t is particularly hard to perform com-
plex search activities that require advanced search strategies and
higher-order thinking [1, 10, 12, 32, 33]. In the 1980s and early 2000s,
Kuhlthau’s Information Search Process model provided valuable ob-
servations by interviewing secondary school students throughout
an extensive research assignment. This model revealed a common
trend in more complex information-seeking tasks, where feelings
of uncertainty tended to rise before gradually diminishing dur-
ing the focus formulation and construction stages of the process
[16, 17]. This rise in uncertainty was frequently unexpected and
caused apprehension and confusion in some searchers to the point
of obstructing the task. Recent studies have expanded on this, indi-
cating that participants encounter challenges related to uncertainty
even earlier in the process, particularly when scoping broad and ill-
defined information needs into queries, as well as when assessing
the usefulness of information [21, 33]. A week-long diary study of
daily challenges faced by information workers finds interruptions
and task-switching challenges. It highlights the limitations of exist-
ing software in supporting the resumption of complex, long-term
projects [8].

2.24  Web Search Tools to Support Creativity. Tools like Searchldea
[6] is a Web-based online tool that enables users to interact with
search results beyond evaluation and selection actively, provides
insights into how an idea generation tool can connect search activ-
ities with creative thinking processes to generate more and better
ideas. Searchldea focuses on academic research. On the other hand,
IdeateRelate visualizes COVID-related ideas and helps people navi-
gate and find connections based on similarities between their own
evolving ideas and previously existing ideas [39]. Most creativity
support tools, including web search, primarily focus on the ideation
stage of the creative process, leaving the other stages needing more
support [9].
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This study builds on this prior work by collecting and analyzing
quantitative and qualitative data longitudinal throughout profes-
sionals’ creative projects to understand the richer context around
their search and work activity patterns. And we suggest design
implications to build the future of Web search tools to support the
entire creative workflow.

3 METHOD

We conducted a mixed-methods study to observing professionals’
search and work activity longitudinally throughout their creative
projects (see Figure 2).

3.1 Participants

We chose purposeful sampling [3] as a recruitment strategy, mixing
direct contacts as well as recruitment through mailing lists across
multiple departments in large public universities across 10 differ-
ent locations in USA, Germany, and India. We recruited a diverse
mix of participants across different practices, ages, organizations,
genders, and locations. We recruited 15 participants (eight female,
seven male, average age 29.8 years, sd = 12.38 years) across six
creative fields, including scientific research, product design, data
visualization, product management, machine learning engineering,
and policy-making (see Table 1).

3.2 Apparatus

To collect data longitudinally in a manner that protects privacy,
values transparency, and preserves the participant’s agency, we
built a custom Chromium browser extension, Web ChronoLog-
ger. Participants could easily view logged data by clicking on the
browser extension’s homepage where they had full control over
data collection, including the ability to start and stop logging, delete
collected data points, and share data with the researchers. All data
was logged and stored on their local machine. They only shared
cleaned versions of the data to the researchers during the weekly
checkpoints. Participants provided us a URL for the key Project Doc-
ument used for note-taking and sensemaking during their project
(i-e., a notion workspace, overleaf document, google doc, etc.). We
nade this generalizable to any document application as different
participants across domains had their own preferred workspaces.
To balance collecting data with privacy, Web ChronoLogger mon-
itored if their Project Document was open and active. If the Project
Document was active and the log system was currently turned off,
the system would send participants a notification reminding them
to turn on logging. Additionally, to avoid unnecessary data collec-
tion, the extension would stop logging when it detected inactivity
in the Project Document tab for more than 20 minutes, notifying
the participant about the logging status. The extension prioritized
the privacy and security of data through encrypted communication
and maintaining the same encrypted ID across sessions. To enable
participants to reflect on their own work patterns, the real-time
logged data can be seen in a tabular view or a zoom-able time series
visualization (see Figure 1), which offers comprehensive views of
Web search activity over multiple days, weeks and months. We
ensured that it was a zoomable visualization to prevent occlusion of
data points when there are periods of lots of activity and some pe-
riods of no activity. For user convenience, participants could log in
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PID Profession Project to create: Project Duration
P1 Policy Advisor ?ohcy brief on the char}ges to economic policy in India 4 weeks
in response to the war in Ukraine.
R d, portable 3D printer that i
P2 Startup Co-Founder ugged, por able 7L pripter a1 4 months
capable of being used in harsh environments
le 3D pri hat i
P3 Startup Co-Founder Rugged, portz'ib e3Dp r inter that ' 4 months
capable of being used in harsh environments
Seaweed-based alternatives to packaging for retailers
P4  Startup Founder and consumer good to cut plastic pollution 6 months
Ps Data Journalist Datg v1sua11.zat10ns of the 2023 4 weeks
Berlin elections
Policy brief b ity educati
P6  Technology Consultant O7icy Driet on cyberseciitity education 4 weeks
and training at a technology company.
. . ool . P
P7  Product Manager New data engineering pipeline to better monitor data for 4 weeks
freshness and reliability
Ps Machme Learning Scientific paper classification algot"lth.m 6 months
Engineer based on paper metadata and co-citation networks
Po Public Health White paper of how globalization affects disease 4 K
Researcher propagation - a case study of Ebola in North Africa weeks
h the Role of Mull, a Mitoch ial Locali
P10 MD-PhD Researcher Rese.arc t. e Role of Mul1, a Mitochondrial Localized 4 weeks
E3 Ligase, in the Heart
Immersive Technology  Training for doctors and systems to make
P11 . . L 4 weeks
Researcher diagnoses by contouring medical images
Developi thods f luati ti
P12  NLP Research Scientist eVe OPIIE MEL10S T evauatng generative 3 months

algorithms in a human-centric way

P13  Researcher

P14  PhD Student .
podcast creation

P15 Post Doc Researcher

Research paper on how to improve web design feedback

Writing a research paper on healthcare contouring in radiation oncology 3 months
Designing a creativity support tool to better

4 weeks

4 months

providing systems in a human-centered ways

Table 1: We recruited a diverse set of participants spanning different creative professions, working on projects related to a

diverse set of creative goals over different time periods.

using their Google accounts, integrating the extension seamlessly
into their daily workflow.

3.2.1 Implementation Details: Web ChronoLogger was built using
React JS framework, and the visualizations were generated in real-
time using the d3.js library with the d3-timeline package. Activity
log data was stored in real-time to a Firebase database. The open-
source code (GitHub Repo: Link to be added after peer-review, when
de-anonymized) for the custom browser extension can be run on
any Chromium browser, using our server or your own.

3.3 Procedure

a. Informed Consent and Screening Survey: As part of the recruit-
ment process, participants answered an informed consent form, and
brief screening and demographics questionnaire that collected infor-
mation about age, gender, occupation, and the creative project that
we would observe, its timeline and how they thought they might use
online information resources during the project. As noted above,
we excluded participants who were under the age of 18, whose
projects were too ill-defined or too long for us to follow i.e., more

than 6 months, and/or if it did not require complex searching and
sensemaking across sources, sessions and stages. The institution’s
ethics review board approved the recruitment process and study
protocol.

b. Pre-Study Interview + Setup Data Collection: To get participants
setup at the beginning of their projects, the research team met
them for one hour to obtain informed consent, to review study
procedures, and to walk them through how to use the browser
extension and weekly surveys to participate in the study. After the
participant received training and felt confident in how to monitor
and edit their logged data, they could start searching and working
on their creative projects.

c. Weekly Survey Reflecting on Logs: To collect qualitative perspec-
tives, the research team shared a survey link every week asking
participants to reflect on their own work patterns and data, verify
the data collected, delete any unnecessary data, and submit it to our
database. To support reflection, participants viewed a visualization
within our custom browser extension (see Figure 1, and details in
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Figure 1: An illustrative screenshot of Web ChronoLogger showcasing the zoomable visualization designed for a participant
to reflect on their weekly search and information work patterns. This screenshot shows activity for a single hour-long work
session, and plots queries issued, web pages opened and notes added to the Project Document.

a b

Informed Consent +
Screening Survey

Pre-Study Interview +
Setup Data Collection

Record survey responses Record audio

work document logs

Work sessions

Record search and

c d

Weekly Survey

) Post-Study Interview
Reflecting on Logs

+ Uninstall + Debrief

Work sessions

( weekly throughout the project)

Record survey responses about Record search and Record audio + annotate

reflections on work patterns work document logs visualized logs

Figure 2: Study protocol consisted of four phases: (a) Informed consent and screening survey to identify participants. (b)
Pre-study interview to set up data collection using Web ChronoLogger, logging web search and Project Document activity
during work sessions. (c) Weekly surveys to reflect on logged activities and work patterns. (d) Post-study interview with
annotated log review, followed by uninstallation of logger and debriefing.

the section 3). We also sent out regular reminders and messages to
keep participants engaged throughout the study.

The reflection survey questions included: a semantically zoomable
data visualization of data collected from the previous week (see
Figure 1), and for each work session it included questions (1) asking
them to map each work session to a creative stage, (2) reflect on
information sought and work done in the document (3) ideal tool
support that could help overcome any challenges experienced.

d. Post-Study Interview + Uninstall + Debrief: When they were close
to finishing up their projects, participants indicated that they were
done in an email and we set up a post-study interview to reflect
on their overall process, challenges, and strategies; we also helped
participants uninstall the extension, debriefed them, and thanked
them for their participation.

3.4 Measures

To quantitatively observe search and work patterns, we collected
the timestamp and content of search queries, opened web pages,
and edits to their Project Document.

To qualitatively understand why they were searching and work-
ing with information online during their creative projects, we col-
lected self-report data. The open-ended survey answers and audio
recordings to pre- and post-study interviews underwent intelligent
transcription, removing pauses, and filler words and doing minor
grammar adjustments. The subsequent analysis encompassed open
coding, where data were initially categorized without predefined
labels, followed by thematic clustering using affinity mapping [3]
to uncover overarching themes and patterns within the dataset.
Two independent coders discussed emerging themes and reached
consensus on the emerging themes.
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4 FINDINGS

4.1 Creative activities take place in a non-linear,
iterative manner across multiple sessions

To understand how different creative activities play out across the
sessions of a project, we used data from participants’ logs and
weekly self-reflection surveys. A work session is defined as the
time between the start and stop of logging. On average, the length
of a work session was 118.3 mins (sd = 58.23), and participants
had an average of about 92 work sessions. Then, to gain insight
into the evolution of time allocation across the various stages of a
creative project, we analyze each participant’s total work sessions
by dividing them into three equal parts, referred to as "project
stages": early, mid, and late. In the weekly surveys, participants
were asked to categorize what they did in each work session as a
creative activity: discovering insights and research, defining project
goals, generating new ideas, refining and implementing ideas or
communicating ideas and artifacts [7]. Additionally, we split each
participant’s total number of work sessions into one-third early,
mid, and late work sessions. This lets us map each different creative
activity to project stages.

Averaging the percentage of work sessions spent on each creative
activity across participants, we find that Discovering Insights occurs
mostly in the early work sessions of the project but does not stop
and continues until the end of the project. The activities of Defining
the Project and Generating Ideas happen throughout but peak in the
mid-sessions of the project. Lastly, the activities of implementing
ideas and communicating artifacts also happen throughout the
project but peak in the later work sessions. This illustrates the
non-linear, iterative nature of creative work (see Figure 3).

4.2 Participants actively search and work with
found information across all creative
activities

We analyze the participants’ logs of web search and project doc-

ument to better understand how they spent their time searching

and synthesizing online information during the different creative
activities and stages of a project.

4.2.1 Time spent searching depends on the creative stage. To under-
stand how participants spent their time searching and making sense

W Discoverinsights Il Define goals Ml Generate ideas ] Implement ideas Communicate ideas

Wark Sessions Across Project Timeline

o% 2% 50% 75% 100%

Average Percentage of Work Sessions in Each Creative Stage

Figure 3: Average percentage of work sessions spent on each
creative activity mapped to early, middle, and late stages of
the project. Notice the non-linear and iterative nature of
creative work. For instance, how participants continue to
discover new information across time.

Time spentsearching [l Time spent synthesizing
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Figure 4: Average time spent (minutes) by a participant on
searching and synthesizing online during each creative ac-
tivity. When Discovering Insights, participants spent more
time searching than synthesizing. Conversely, participants
spent more time synthesizing information in their Project
Document than searching as they worked to generate, imple-
ment, refine, and communicate ideas.

of found information during different creative stages, we sum the to-
tal time spent actively searching for information and the total time
spent actively working in the document during the work sessions
categorized in each creative activity (see Figure 4). We find that par-
ticipants actively search and synthesize online information across
all creative activities of their project. When Discovering Insights,
participants spent more time searching than synthesizing. However,
when Defining Goals, Generating, Developing, and Communicating
Ideas, participants spent more time synthesizing information in
their Project Document than searching. To statistically compare
and contrast time spent searching vs synthesizing across each cre-
ative activity, we conducted a two-way ANOVA test and Tukey’s
post-hoc test. There was a significant main effect of time spent on
search being significantly different across the creative activities
(F(4,15) = 3.34,p = 0.03%). There was another significant main ef-
fect of time spent working in the Project Document changing across
the creative activities (F(4, 15) = 2.53, p = 0.04™). Additionally, the
interaction between time spent searching and working on their
document is significant (F(4, 15) = 7.34, p = 0.02¥). The post-hoc
revealed that the main difference was between time spent search-
ing and synthesizing information during three creative activities:
Discovering Insights, Defining the Project, and Communicating
ideas (p = 0.04%).

4.2.2  Type of Web search behavior depends on the creative stage.
To investigate participants’ interactions with web-based informa-
tion during each creative stage, we look at the three main interac-
tions with the browser: number of search queries issued, webpages
opened and change in the number of words in the Project Docu-
ment across the creative activities (see Figure 5). These interactions
also reflect the same user behavior patterns as above. When dis-
covering insights, many search queries are issued and web pages
are opened. Participants show most of their search activity when
Implementing and Refining their ideas, and most of their words are
added to the document when working to Communicate the idea in
the final stage.
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Figure 5: Average number of queries issued (left), number of webpages opened (middle), and number of words changed in the
document (right) by each participant during creative activities. The data show participants spent Participants show most of
their search activity when Implementing and Refining their ideas, and most of their words are added to the document when

working to Communicate the idea in the final stage.
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Figure 6: Participants exhibited Double Peak’ of web activity

- spending longer searching and working in the early and
late phases of the project, but shorter sessions in the middle.

4.3 Double peak of activity across work sessions
of a creative project

When we visualize how time was spent by each participant across
the course of their individual projects, we see two patterns emerg-
ing: Most participants exhibited aDouble Peak of activity in the
earlier and later stages of the project but had a lull in the amount
of time spent per session in the middle of the project. This might
suggest empirical evidence for the "messy middle" when creators
engage in conversations and deep thinking that might not have
been captured by the activity logging system (for example, see
Figure 6(left)). The other trend was that of a Late Peak in work
activity after a steady amount of work done at the beginning and
middle stages of the project (for example, see Figure 6 (right)).

In the post-study interview, P01, a participant who exhibits the
Double Peak, reflected on the lull "During this phase, we held exten-
sive discussions with experts, stakeholders, and our team, exploring
economic nuances, assessing policy impacts, weighing pros and cons,
and engaging in numerous brainstorming sessions. These activities
formed the foundation for the eventual policy recommendations.”
Similarly, P03, also a Double Peak worker, explained the lull in the

middle as "At first, fueled by excitement, I delved into research, market
analysis, and product development, driven by the thrill of something
new. Learning as much as possible, I later engaged industry experts
and stakeholders to refine our business model with a customer-centric
approach. Once everything was in place, I worked tirelessly to execute
and deliver."

On the other hand, P09, a participant who exhibited a Late Peak,
reflected on their work pattern, "Initially, I diligently gathered and
analyzed data, conducted literature reviews, and laid the groundwork
for my white paper. In the final stretch, I raced to finalize my findings,
refine arguments, and collaborate with colleagues. It was a productive
activity to ensure a high-quality white paper.” Similarly, P05 said, "T
first focused on building a solid foundation for our data visualizations,
emphasizing accuracy and relevance. In the project’s final stages, my
efforts intensified, involving refining visuals, integrating the latest
election data, and ensuring our graphics communicated the most
current information effectively."

To investigate how people spent their time when not ac-
tively working on the project, we compared the time spent be-
tween work sessions across stages of the project, using a one-way
ANOVA to find significant differences between the early, mid, and
late stages in the project (F(2,15) = 5.58, p = 0.01¥). We found that
participants took longer breaks in the earlier sessions than in the
later sessions. Further, to understand how the gaps before a ses-
sion affected how they spent their time in the work session,
we do a correlation analysis and find that in sessions after longer
breaks, there is more searching (r = 0.40,p = 0.01%) and lesser
time actively synthesizing information in the working document
(r = =0.16,p = 0.01%). This might indicate that creative workers
re-orient to their previous creative activity by searching for more
information rather than synthesizing the information they already
had. P13 said, "After a long break, where I've been thinking about the
topic deeply and discussing it with collaborators, I often have many
open questions or new ideas that I want to whet, so I dive into search-
ing for information." P10 reasoned about this as, "After a long break,
TLusually find myself mostly searching to refresh my perspective or fill
in any gaps. The initial wave isn’t about putting the information into
place just yet, but more about finding where I left off and gathering
any new insights I may have missed.”
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4.4 Interactions with Project Document encode
signals about the user’s context

Next, we explore: What insights can we gain about the user’s con-
text from how they work with found information in their docu-
ments? To investigate this, we thematically analyze participants’
answers to the following open-ended questions in their weekly
survey: (1) Look at the difference between your project document
last week and this week; what are the key differences? (2) Reflect
on these changes to your project document, explain how it relates
to your thinking around the project.

4.4.1 Content of Information in Project Document. Key phrases in
project documents and notes taken can reflect what the searcher
already knows about a topic (or what they are missing), and even
encode patterns about how their topic knowledge shifts and grows
over time. For instance, P1, a policy advisor working on a brief
about India’s economic response to the war in Ukraine, noted how
their document’s content changed from week to week: “Last week,
I had a lot of general statistics about India’s trade relations, but this
week, I've focused more on the specific sanctions and their impact on
key industries. It’s a shift from a broad overview to a more focused
analysis.” Here, P1’s evolving document reflects a deepening focus
on specific policy impacts, showcasing a transition from general to
specialized knowledge.

For P5, a data journalist creating visualizations of the 2023 Berlin
elections, the project document’s content illustrated how they navi-
gated different data sources: “Last week, I was still gathering turnout
data by district, but this week I've added analysis of demographic
voting trends, which has really changed how I'm thinking about the
story.” In this case, the introduction of new data types into the docu-
ment reflects how P5’s conceptualization of the project has evolved,
shifting from descriptive statistics to more complex demographic
analysis.

4.4.2  Structure of Information Curated in Project Document. The
spatial organization of information within these documents can
help us understand how the searcher is linking what they know
to what they are finding, how they are starting to structure their
thoughts, and how this emerging schema can grow and shift over
time. Outlines and project planning documents can encode the
searcher’s goals and progress. P2 commented on how their docu-
ment’s structure evolved as they began refining their product spec-
ifications: “At first, the document was a mess of notes about different
materials and components. Now, I've started grouping things into cat-
egories—like durability, portability, and cost—which helps me focus on
what’s really important for each part of the design.” This structural
change reflects a shift from exploratory information gathering to a
more organized, goal-oriented approach as the participant begins
to prioritize critical factors in the product development process.
Interestingly, P4, highlighted how the structural reorganization of
their document mirrored the phases of their product development:
“Initially, I had everything jumbled together—market research, mate-
rial properties, environmental impact. But now I've created distinct
sections for each, which aligns with how we’re thinking about the
project in phases.”

4.4.3 Edit History of Information Curated in Project Document. can
encode tacit knowledge about how the searcher likes to work, and

their implicit process for doing their work stage-by-stage. By ana-
lyzing the sequence of changes made to documents, we can infer the
user’s preferred methods for refining their work. P7 described their
approach to editing as: “I’m a bit methodical with this. I complete
one part of the pipeline, and then I revise it before moving on to the
next. It’s like I'm building and polishing one step at a time.” Here, the
participant’s edit history reflects a sequential, stage-by-stage pro-
cess of development, highlighting their preference for incremental
progress and refinement.

On the other hand, P9 described how their editing process aligned
with their developing understanding: ‘I tend to write a lot in the
first draft and then go back to refine it. Over the last week, I've been
cutting down sections that don’t directly tie into my case study on
Ebola. I'm editing out the noise as I focus on what’s most relevant.”
This method of iterative refinement—starting with a broad draft
and progressively narrowing the focus—reflects how P9’s thinking
becomes more targeted as they gain clarity on their case study.
Similarly, P10 said, ‘T keep going back and forth on the section about
the protein interactions. That’s where I'm most unsure, so it’s getting
the most revisions. The rest is more solid, so I haven’t touched it much.”
This editing pattern suggests that participants frequently revise
sections of their documents where they feel less confident, encoding
a connection between edit activity and uncertainty.

5 DISCUSSION

This paper provides a longitudinal perspective to contextualize the
role of Web Search in creative workflows. It extends prior work
by the time scale of analysis (i.e., one to six-months-long projects,
rather than weeks or hours), level of data richness (i.e., quantitative
and qualitative data), and sources of data (i.e., Web Search and
Project Document activity).

Our log analysis of web searches and work documents shows
that creative processes are non-linear and iterative. Additionally, it
shows that Web Search is used across all creative activities — even
those generally assumed to be offline mental processes such as
defining and scoping projects, generating new ideas, and refining
ideas. Delving deeper into search patterns across creative activities
in the workflow, we find that participants spent most of their search
activity in the implementing and refining ideas stage, and most of
their words are added to the document when in the Communicate
the idea stage.

Regarding how they spend their time across work sessions, we
find that most participants exhibited a Double Peak of activity, i.e.,
a pattern of spending longer searching and working in the early
and late phases of the project but shorter sessions in the middle.
Regarding how participants used time between sessions, we find
that participants take longer breaks in the earlier sessions than in
the later sessions. Furthermore, we find that in sessions after longer
breaks, there is more searching and lesser time synthesizing infor-
mation in the working document. This might indicate that creative
workers re-orient to their previous creative activity by searching
for more information rather than synthesizing the information they
already had.

Analyzing participants’ self-report data reflecting on changes to
their work document, we find that the Project Documents’ content,
structure, and change logs can encode contextual signals about the
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user, such as patterns and gaps in their knowledge, project goals
and progress, and work style.

In the following section, we outline several design implications
for our findings, discuss the study’s limitations, and suggest oppor-
tunities for future work.

5.1 Design Implications

5.1.1  Web search to support the non-linear and iterative creative
workflow. Building on Web ChronoLogger, search browsers could
provide a way for users to track and visualize their search behavior
and interactions (e.g., time spent on specific activities, the number
of queries, or pages opened) across multiple sessions. This would
enable users to reflect on how their focus and ideas evolve through-
out the project. To help users re-find and integrate insights gathered
at different project stages, search history could include features like
flexible timelines or session-based organization of search activities.
A visual representation could illustrate the journey of ideas and
concepts over time to show how a user’s thinking has progressed.
This could include snapshots of key insights, moments of pivoting,
or stages of refinement, letting users reflect on how their ideas
have matured from the initial spark to the final implementation.
The tool could also integrate "flow states,” where it detects intense
focus or inspiration moments, marking them with visual highlights
and enabling users to revisit these peak moments for reflection or
inspiration later.

To enable finding connections across sessions and stages, web
search tools could not only provide suggestions to find the answer
to a single query or support a single work session but also provide
suggestions that make connections across stages of the project.
These suggestions could include returning to iterate on a previous
creative stage or pointing out that the user looked up related in-
formation in another session that might be useful to the current
search trajectory.

5.1.2  Adaptive search based on creative stage. As Web Search plays
arole even in tasks traditionally considered "offline," such as idea
generation or scoping, design tools should seamlessly integrate
search functionality into all creative stages. Tied in with insights
from Zhang’s studies [40, 41], search tools should present infor-
mation sources relevant to each stage. During early project stages,
when insight discovery peaks, search tools should encourage ex-
ploratory queries and present diverse sources. Features like auto-
suggestions, topic clustering, and related insights can guide users
through the discovery process. As idea generation and goal defini-
tion peak during the mid-stage, search interfaces should prioritize
in-depth information, allowing users to refine their queries with ad-
vanced filters and showcase expert opinions or long-form content.
For later project stages, where users implement or communicate
ideas, search tools could offer specialized results that focus on prac-
tical resources (tutorials, technical guides) or real-time data updates.
While focused specifically on academic searches, the Searchldea
[6] tool starts to show us how we can build search tools to sup-
port the creative process and its stages rather than just traditional
information retrieval.
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5.1.3  Search to support creative work between and across sessions.
Future search browsers could build on Web ChronoLogger to incor-
porate dynamic time management features based on the “Double
Peak” of search and working activity observed in early and late
project phases. This finding builds on prior discussions [11] on time
management in search-heavy workflows. For example, they could
automatically suggest setting aside longer working blocks during
these phases or encourage users to take shorter breaks as they
move closer to project completion. Similarly, break-time analytics
could notify users when they’re falling into a pattern of long breaks,
prompting suggestions to quickly resume productive activities by
focusing on synthesis rather than further searching.

Furthermore, long breaks lead to more searching and less synthe-
sis, so web search tools could offer break-sensitive features, such
as quick recaps of previous work or highlighting key pieces of
information from the last session. This would help users reorient
themselves faster and refocus on tasks. Since participants reflected
on discussions with experts and stakeholders during lulls in the
‘messy middle’ of the project, search tools could be designed to
integrate collaborative features, like sharing insights or documents
with colleagues, within the search process.

5.1.4 Mining user context from project documents. Since project
documents can reveal gaps in knowledge, goals, and work styles,
intelligent systems could use document change logs and structure
to provide real-time insights to users. For instance, search systems
can mine the content of project documents to recommend query
suggestions based on identified gaps (e.g. [4, 22, 26]). Systems could
identify when certain document sections are underdeveloped and
suggest additional resources or outline revisions (e.g. [24, 25]. Simi-
larly, tools could alert users when their project deviates from their
stated goals or remind them of key milestones, helping to align
work with their creative vision over time.

5.2 Limitations and Future Work

This study has limitations as it tries to balance ecological validity
with the need to analyze data to understand behavior. Here, we dis-
cuss their potential impact, how we tried to address the limitations,
and propose future work.

To preserve participant privacy and agency over what data is
collected, while the browser extension’s logging mechanism au-
tomatically detects whether they are working on the project, it
requires the participant to start and stop logging. This means we
could have missed data points that could add to our understanding.
To analyze user behavior collected, we needed to operationally
define observation units such as work sessions and project stages.
Work sessions are when their work document is open and active,
and the participant remembers to turn on logging. To avoid un-
necessary data collection, the extension would stop logging when
it detected inactivity in the work document tab for more than 20
minutes and let the participant edit the logs to remove data points.
We hope that by triangulating data collected across application
logs and self-reports of work behavior, we can mitigate the loss of
insights.

Our deliberate choice to log information exclusively from the
search browser and designated work document limits our view
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of the broader array of tools and collaborative elements in cre-
ative workflows. The intricate context within this ecosystem holds
valuable insights into search and sensemaking behavior during
creative work, suggesting a need for future studies to explore and
understand this rich context.

Our study involved a relatively small sample of 15 participants ob-
served over approximately 2.5 months, engaging in diverse projects
of varying complexities and scopes. Recognizing that this sample
may not be fully representative of all creative workers and domains
and acknowledging individual differences, we propose future re-
search to recruit more extensive and more diverse samples or to
extend data collection periods. This would enable a more nuanced
understanding of creative projects across different contexts.

The dynamic nature of evolving technologies poses a temporal
constraint on the validity of our results, given that the study was
conducted between 2021-2022. As web search technologies and the
landscape of work continue to evolve, it is imperative for future
research to revisit and update our understanding of creative work-
flows. Future research is required to overcome these limitations
and build out and test the suggested design implications of these
findings.

6 CONCLUSION

From seeking to understand more about a topic to finding inspira-
tion and solutions, Web Search is one of the most widely utilized
but understudied tools in the creative process. This paper provides
a longitudinal perspective to contextualize the role of Web Search
in creative workflows. It is the first to observe entire projects and
workflows, extending prior work by the time scale of analysis (i.e.,
one to six-months-long projects, rather than weeks or hours), level
of data richness (i.e., quantitative and qualitative data), and sources
of data (i.e., Web Search and Project Document activity). To observe
participants’ natural behavior over time, we developed a novel
browser extension called Web ChronoLogger. It logs participant
activity in a privacy-preserving manner and encourages reflection
on their work behaviors. The analysis shows that creative processes
are non-linear and iterative, with Web Search playing a role in all
stages, even mental tasks like scoping and idea generation. Most
search activity occurs during the Implementation and Refinement
phases, while most words are added during the Communication
phase. Participants showed a "Double Peak" activity pattern in their
work sessions, with longer searches and work in the early and late
project stages and shorter sessions in the middle. Early sessions had
longer breaks, and after these breaks, participants searched more
and synthesized less, suggesting they used search to re-orient them-
selves to the task. Self-reports and document analysis reveal that
Project Documents encode signals about the user’s knowledge gaps,
project goals, progress, and work style. We conclude by reflecting
on these findings to propose design implications for improving the
design of Web Search to better support different stages and sessions
of the creative workflows.
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