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Abstract

Online digital library searchers who find themselves engaged in
multiple concurrent complex search tasks may encounter poten-
tially serendipitous information for one task while pursuing another.
This can propel them in unexpected and exciting directions that en-
hance their knowledge. However, existing search interfaces provide
limited support for searchers to handle such serendipitous infor-
mation encounters, forcing them into an often disruptive choice
between continuing their current search or pursuing the new dis-
covery. To address this issue, we introduce Revelio: an academic
digital library search interface based on a ‘save now, organize later’
workflow. Revelio provides a low-effort mechanism for deferring
potentially serendipitous information encounters, and a semantic
similarity approach for subsequently reviewing and saving such
search results within a multi-workspace structure. We evaluated
Revelio in a between-subjects controlled study with 28 participants
using a novel experimental design that creates the opportunity for
serendipitous information encounters within a concurrent complex
academic search task context. Compared to those who used a base-
line search interface, participants who used Revelio were able to
effectively defer and subsequently review encountered information,
resulting in positive opinions about the interface, increased per-
formance in both prescribed search tasks, and greater perceived
knowledge gain. These findings demonstrate the value of search in-
terfaces that explicitly support the deferral and subsequent review
of potentially serendipitous information.
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1 Introduction

Information seeking in academic digital libraries is rarely a linear
single-query process; rather, it is a complex exploratory activity
where searchers manage multiple concurrent information needs
over extended periods [46]. To cope with this complexity, searchers
adopt sophisticated strategies, such as tab-based task management
and using search interface workspace features to organize informa-
tion for their different interests [14]. Such multi-task environments
create fertile ground for serendipitous discoveries, where valuable
information for one task may be unexpectedly encountered while
pursuing another [13, 31].

Serendipity in the context of finding useful information unex-
pectedly is termed information encountering [13]. During search,
information encounters often occur when looking for information
for one task but finding information on a different (often partly-
related) task. Initially, information encounters trigger the potential
for serendipity; they are only considered serendipitous if an as-
sociation is made to a different search task of interest and if the
searcher is able to create a valuable outcome from the encounter
(e.g., by saving then later reviewing the encountered information).
Serendipitous information encounters present a critical dilemma:
the searcher must either disrupt their current cognitive flow to
pursue the new find, or risk losing the potentially valuable in-
formation by deferring its examination [31, 32]. This moment of
choice imposes a significant cognitive and interactive burden on the
searcher [1]. Designing search interfaces that can effectively miti-
gate this disruption to support, rather than hinder, serendipitous
information encountering remains a key challenge.

The search interface has long been a critical component of mod-
ern digital libraries, serving as the primary gateway to vast infor-
mation repositories [5]. The effectiveness of these interfaces, how-
ever, is often limited by a design paradigm inherited from general
web search engines [21, 40]. This model, optimized for simple fact-
finding queries, fails to support aspects of academic work, such as
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managing concurrent complex search tasks, following exploratory
search processes, and capitalizing on serendipitous information
encounters. Consequently, after noticing potentially useful infor-
mation related to a different search task than the one underway, the
minimalist design of these interfaces offer little support for helping
the searcher manage the serendipity process.

To make matters worse, existing in-browser support for defer-
ring the examination of encountered information is insufficient;
bookmarks are rarely created and even more rarely re-visited [4].
Similarly, while new tabs are commonly used to ‘park’ information
to read later [8, 11, 18], people can forget which pages they have
already read and lose their place in the search process when relying
on this approach to deferral [8]. This highlights the need to better
support people in deferring their examination, and later review, of
potentially serendipitous information encounters.

This paper presents the features and an empirical evaluation
of Revelio, a novel academic search interface designed to support
the handling of information encounters. To evaluate Revelio in a
controlled laboratory setting, we developed a novel experimental
design wherein search results relevant to one task are artificially
inserted into the search results of another task, creating consistent
and repeatable opportunities for serendipity. This research was
guided by the following research questions:

RQ1: How can a search interface be designed to support deferral
and subsequent review of serendipitously encountered information
while minimizing disruption of the primary search task?

RQ2: Does the inclusion of explicit support for the deferral
and subsequent review of serendipitously encountered information
change how people handle this information? If so, how?

RQ3: How does the search interface influence subjective and
objective performance measures when serendipitous information
encounters occur whilst undertaking concurrent search tasks?

2 Background and Related Work

Serendipity in the context of information interaction and retrieval
has been referred to as information encountering [13]. Although
information encounters can happen when not consciously look-
ing for information (e.g., noticing a billboard ad for an interesting
product you did not know existed), they often occur while under-
taking information seeking activities [13]. This usually involves
unexpectedly finding useful information related to one search task
when looking for information on another task. These tasks may
appear to be unrelated, but usually have some degree of conceptual
overlap [13]. Information found unexpectedly is only potentially
serendipitous when it is first encountered; it requires the searcher
to follow-up on the encountered information (e.g., by reviewing it
and connecting it to other information needs). This follow-up facil-
itates value creation from the information encounter [25], a process
known as materialization [7]. Only once the value of the informa-
tion has materialized can an information encounter be considered
serendipitous [25]. This highlights the importance of following-up
on encountered information to cultivate serendipity, either at the
time of the encounter or later.

When it happens, serendipity is a happy and surprising sec-
ondary outcome of a search activity; it can propel information-
seekers in new and exciting directions [26, 31] which, in turn, can
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result in substantial knowledge enrichment for seemingly little
effort [7]. Cultivating serendipity is therefore highly desirable in
interactive information retrieval systems.

Existing models of the serendipity process (e.g., [7, 25, 31]) have
adopted different terminology but have converged on key aspects of
the process. Firstly, something in the environment, such as a search
result, triggers serendipity and sparks a mental association (often a
bisociation where two or more ‘matrices of thought’ combine to cre-
ate a new idea or synthesis [20]). When information is unexpectedly
encountered on one topic when looking for information on another,
the association is made between the encountered information and
an information need not currently being pursued. For example, for
a student interested in ‘human-centered AT, a search on ‘bias in
machine learning models’ might uncover a novel recommender sys-
tem interface aimed at reducing ML bias on e-commerce platforms.
Next, the person who experiences the association follows-up on it,
such as by examining the encountered information immediately,
or saving the search result or document to examine later. Finally,
once they have examined the encountered information, they create
value from it. For example, the student might include information
about the recommender interface they encountered in a literature
review being prepared for another course they are taking.

The information encountering process [13] complements the
generalized serendipity process and helps to explain how serendip-
ity can occur in the specific situation of finding information on one
topic while searching for information on another. When someone
notices a promising informational trigger, they must decide whether
or not to stop or suspend their current search task to follow-up on
the information they noticed. If they do, this may involve examin-
ing the information in detail or seeking more information to assess
its usefulness. If they determine it to be useful, they then use the
encountered information (e.g., by incorporating it into their work).
Afterwards, they might decide to resume the search task they were
undertaking pre-encounter. However, they might find task resump-
tion difficult due to the cognitive effort involved in getting ‘back
into the flow’ of their previous search task [27], including paying
cognitive penalties associated with cross-session searching [24].

Upon serendipitously encountering information during one search
task that may be useful for another, the searcher is faced with a
dilemma: Do they follow-up immediately on the new information
they have just discovered but risk losing their place in the search
they were conducting when they encountered it? Or do they post-
pone examining the new information until later (e.g., once they
have finished their current search session) but risk forgetting to
review it at all, resulting in a potentially missed opportunity for
serendipity? [27]. This dilemma can be particularly difficult, as the
cost-benefit of immediate follow-up is usually not knowable at
the time of the encounter [27]. Therefore, it is often only possible
to decide whether following up on encountered information was
worthwhile after having followed-up.

Adding workspaces to a search interface holds potential for
supporting serendipitous information encounters. Early approaches
focused on providing a single workspace in which searchers could
add notes to what they found [23] or interactively evaluate the
relationships among saved search results in the workspace [16].
Others have studied multi-workspace environments to support
cross-session searching [14] and organizing found information [35].
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While such approaches provide opportunities for supporting the
follow-up and value creation aspects of the serendipity process,
navigating between different workspaces distracts from the primary
task of searching, and may have a high context-switching cost that
remains unexplored in the search interface design literature.

Compared to the extensive body of literature on the process of
serendipity, few have studied the phenomenon from the perspective
of designing to facilitate it within an information-seeking context.
Early work suggested that visualizing a series of queries and asso-
ciated search results has the potential to support serendipity [3].
More recent research suggested that providing diversification of
search results across different sources can foster serendipity [43], as
can surfacing community-generated information such as tags [38].
A common pattern among these approaches is that the focus is
on enabling the serendipity trigger only. To our knowledge, no
approaches have been proposed to explicitly support the searcher
as they follow-up and create value from serendipitous informa-
tion encounters, nor have any considered how the search interface
might mitigate the disruption to the primary search task that an
encounter might cause.

3 Search Interface Design (RQ1)

To address RQ1, we introduce the design of a novel search interface,
Revelio, which was previously presented as a concept demonstra-
tion [32] and was refined and updated as part of this research.
The central design goal of Revelio is to facilitate deferral of the
follow-up and value creation stages of the serendipity process, by
allowing searchers to save potentially serendipitous search results
to a relevant workspace for later review. Its aim is therefore not
to spark serendipitous information encounters during search, but
to support searchers in postponing the detailed examination of
such encountered information, so as not to disrupt their primary
search task. After a searcher encounters potentially serendipitous
information (in Revelio’s case a search result), it allows them to act
on the initial association with minimal disruption, deferring the
rest of the serendipitous process to a later review stage. During
that review stage, the system provides cognitive support to help the
searcher to follow-up with the connection by matching the search
result to their other search interests, thereby enabling a valuable
outcome of the serendipitous information encounter. It achieves
this by separating the immediate, low-cost act of preserving an
interesting find from the more cognitively demanding task of re-
viewing it and deciding where within a structured workspace to
save it. This is implemented through a workflow we describe as
‘save now, organize later’

Revelio is built within a multi-workspace academic digital library
search framework [14]. Workspaces are used to help searchers keep
their different search interests distinct from one another, enabling
meta-cognitive planning of the search activity [23]. Searchers have
autonomy to create and name as many workspaces as needed. By
choosing a workspace before issuing a query, all search activity is
mapped to that workspace. Searchers can easily access these saved
search results, as well as switch to a different workspace if they
decide to pursue a different search task.

The ‘save now, organize later’ workflow in Revelio is supported
by two key features: The first is a dedicated Read it Later (RIL) button
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provided for each search result within the search engine results
page (SERP) (see Figure 1). When a searcher views the SERP and
encounters an unexpected but potentially useful search result for
another search task, they can click this RIL button @ to capture this
serendipity trigger and defer the search result for later review. This
single-click action adds the document to a temporary holding area
without requiring the searcher to switch their context away from
their primary search activity or make any further decisions. Doing
so allows the searcher to maintain their focus on the current task,
knowing the encountered information has been safely set aside for
future review.

The second key feature is the Read it Later list page, which
holds all search results deferred for later review using the RIL
button. Access to this page is provided at the top of the search
interface @, including a counter for how many search results have
been saved to this temporary holding area. Upon navigating to the
RIL list page (Figure 2), each search result is displayed © along
with its originating query and when it was saved @. To enable the
searcher to follow-up on the encountered search result, a list of
all available workspaces and visual indicators of the saved search
result’s textual similarity to these workspaces is provided beside
each search result @. For each of the searcher’s workspaces, the text
from the workspace title and the titles and abstracts of all search
results within it are aggregated.

The cosine similarity between the BERT (Bidirectional Encoder
Representations from Transformers) [10] embedding of the search
result and the aggregated embedding of the task-based workspace is
represented visually, helping the searcher to quickly and confidently
determine the most appropriate workspace destination for the tem-
porarily saved search result. The search result can be moved to the
appropriate workspace with a single click. This streamlined pro-
cess supports the final step of moving the resource into its correct
workspace, thus completing the ‘save now, organize later’ work-
flow, and encouraging serendipity to materialize by creating value
from the information encounter. Within the context of recently
published design principles for exploratory search interfaces [15],
these features are lightweight additions to an established design
pattern for academic search interfaces, that are visual, scrutable,
interactive, and persistent.

The benefit of Revelio over other typical academic digital library
search interfaces is that it supports the capture of encountered
information in a way that allows the deferral of the rest of the
serendipity process to a later review stage. Relating the workflow
to the serendipity process [13, 31], when a serendipity trigger is
noticed and a mental association made (identifying a search result
that may be relevant to another search task), the result can be
saved to the RIL list page and the searcher can continue with their
primary search activity with the confidence that the encountered
information can be easily found and reviewed later.

During examination of what has been saved to the RIL list page,
the visual similarity match to other workspaces and single-click
mechanism for moving the result to an appropriate workspace
encourages later follow-up. If this follow-up occurs and is fruitful
(i.e., the encountered information is deemed useful), the searcher
can create value from the encountered information (for example,
by saving the information with other related work). Overall, the
ability to manage serendipitous information encounters in this way
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Figure 1: Revelio search results page. As well as providing a
save button for each search result, a RIL button is provided
to defer the search result for later review.

can encourage materialization, without forcing the searcher to stop
their current search activity at the time of the encounter.

Revelio was implemented as a web application using the MERN
(MongoDB, Express.js, React, Node.js) technology stack. The client-
side user interface is a single-page application built with Reac-
tJS [17]. Server-side operations are managed by a custom REST API
developed in Node.js, which acts as a proxy to our University’s Ex
Libris Primo academic digital library search API [44] for retrieving
search results in JSON format. All user-specific data, including saved
search results, search result metadata, and user-specific workspaces,
are stored in a MongoDB NoSQL database [9].

4 User Study Methodology

To empirically evaluate how serendipitously encountered informa-
tion is handled when searchers are provided with explicit support
for deferring and subsequently reviewing such information (RQ2),
and how this influences subjective and objective measures of per-
formance (RQ3), we conducted a controlled laboratory experiment.
The study was structured around the pursuit of two concurrent
academic search tasks that are complex in nature (multi-faceted
and open-ended).

We carefully considered the trade-offs between within-subjects
and between-subjects designs, and chose the latter to avoid over-
loading participants with too many different tasks during the study.
With this between-subjects design, half the participants used Reve-
lio to conduct an assigned search activity; the other half conducted
the same search activity using a multi-workspace baseline system
that is visually and functionally the same as Revelio, but without
the RIL buttons and access to the RIL list page. Participants were

234

Hoeber et al.

< Dashboard | RL

TotalDocuments:3 e

+ IR formative reh, - 1 a
: 2023 . MR formative research, 2023-01, Vol A
pe40194-e40194

Your workspaces

3s19%
Black and Latinx Primary Caregiver Considerations for

g Hel
Based Model for Detecting Child Abuse and Neglect

With ications for Raci ial Bias i itati
Interview Study With Primary Caregivers

Landau Aviv ¥, Blanchard Ashiey , Atkins Nia., Salazar Stephanie, Cato
Kenvick , Patton Desmond U, Topaz Maxim —_ n8o%

6

— 220%

@ i

Diabetes Classification

a PEER REVIEWED o OPEN ACCESS

Q . Your workspaces

¢ ndorsed transactions on context-aware & -
2024 . EAlendorsed transactions on context-aware Hol D
systems and applications, 2024-03, Vol10
Elevating User-Centered Design with Al: A

Comprehensive Exploration using the Al-UCD A

— 49.44%

— 1430%

Aigorithm Framework
Sircharolen Waralak Vongdoiwang

Diabetes Classification @

261%

a PEER REVIEWED ' OPEN ACCESS

Figure 2: Revelio RIL list page. Each deferred search result is
shown with visual similarity indicators to each workspace,
providing a visual cue to help the searcher move the resource
into the most relevant workspace.

assigned to these two conditions in a round-robin fashion. To iso-
late the effect of our primary design intervention, other common
digital library features such as faceted navigation and query auto-
completion were omitted from both systems. This ensured that
user behavior was focused on the core task of assessing and saving
search results into the multi-workspace structure.

Although the original concept prototype included a feature to
allow a searcher to create a new workspace for a search result on
the RIL list page, this feature was hidden in Revelio to avoid po-
tentially confounding factors during the user study. By restricting
the support to match the serendipitously encountered information
to existing workspaces, we limited the ability of searchers to man-
age natural information encounters that are not part of the study.
This feature will be enabled for future naturalistic studies, where a
searcher may serendipitously encounter information for an interest
that does not yet have a workspace.

4.1 Concurrent Search Tasks

The two concurrent academic search tasks were framed within
a typical academic scenario for computer science students (see
Table 1). The task design followed established principles of incorpo-
rating uncertainty to encourage information seeking, using topics
that were engaging but not overly familiar, and providing sufficient
context for participants to understand the goals [22].

The task instructions were presented as simulated work tasks [6],
with a focus on the exploratory browsing (discovery, learning, and
investigation) aspect of the exploratory search model [46]. The
activity was limited to gathering high-quality resources and orga-
nizing these into separate workspaces for later review. Participants
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Table 1: The simulated work task scenario including the specific task topic areas and task descriptions presented to participants.

Simulated Work Task Scenario

Imagine you are taking two Computer Science courses: Artificial Intelligence and Human-Computer Interaction. For your course projects, you need to
gather academic articles on the two topics below. Your goal is to find a diverse set of high-quality resources for each project, saving them into separate

workspaces to keep them organized.

Task Topic Area Task Description

1. Bias in Machine Learning Models

Explore the academic literature to understand the causes of bias in machine learning models

and identify potential mitigation strategies.

2. User Interfaces for Recommender Systems

Identify research that discusses how Human-Computer Interaction (HCI) principles can be

used to design more effective and transparent user interfaces for recommender systems.

had the freedom to start on whichever task they wished, and to
switch between the two tasks as they saw fit, without a time limit.

4.2 Cultivating Serendipity in Search

When describing serendipity, Race and Makri noted that “It cannot
be controlled but it can be influenced. It cannot be created on
demand, but it can be cultivated” [39]. Motivated by this, we devised
a method to cultivate opportunities for serendipitous information
encounters in the context of pursuing concurrent search tasks.
This was done by subtly manipulating the search results provided
by the back-end search system, an approach that is commonly
used to create desired experimental conditions within interactive
information retrieval studies [2, 33, 36, 37, 42]. The general process
is illustrated in Figure 3, and described below.

To start, we issued a variety of queries to collect a set of ten high-
quality search results for each of the two search tasks. These were
validated by the first two authors for relevance, and served as a pool
of search results for creating potentially serendipitous encounters.
Using the names of the workspaces as indicators of which search
task the participant was pursuing, whenever a set of search results
was generated for a given query, a randomly selected search result
from the pool for the other task was artificially inserted into the
search results list and the last item in the list was deleted (leaving

[ Task A Workspace Selected |

Task A Query

| Search Result 1

Search Result 2

Search Result 3

insert at
random
postion
{3,5,7}

Pool of Search Search Result 4

Results
Relevant to
Task B

Search Result 5

/1N

marked as

used for the
current
searcher

3| shift search

results down
by one after >
insert, delete
the last result

Search Result 7

| S

Search Result 8

Search Result 9

Search Result 6 |

===

Figure 3: The process for creating a potential serendipitous
information encounter by inserting search results relevant
to Task B into Task A.
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10 results in total). The insertion of a search result related to a
‘background’ task was inspired by a prior approach to artificially
spark serendipity in a controlled study [12]; the conceptual overlap
is aligned with prior studies of serendipity [13]. In order to avoid the
potential of participants detecting a pattern, the insertion occurred
randomly at the third, fifth, or seventh position in the list.

The search result selected from the pool was logged, ensuring
that each result from the pool was used at most once for each
participant. If the searcher moved to the next page of the results,
this process was repeated for those results. Finally, a global caching
mechanism was used to ensure that for any given query, the same
set of search results would be presented (including the artificially
inserted search result).

With this manipulation of the search results, every participant
in the study had equal opportunity to encounter an unexpected yet
potentially valuable search result for the other task. This consistent
and repeatable mechanism makes it possible to compare multiple
search interfaces in a controlled laboratory setting.

4.3 Data Collection

In order to measure search behavior while using the interfaces,
all user interactions were captured using a client-side logging li-
brary [28]. This data was analyzed to detect specific patterns of
use (e.g., changing workspaces, the use of the RIL buttons, saving
search results).

To measure changes in perceived knowledge, participants were
asked to rate their knowledge, certainty, and confidence regarding
each task topic both before and after the search session. As these
three items represent different facets of a single construct, their
scores were aggregated to create a single Perceived Knowledge
metric.

Following the completion of the search activity, participants’
subjective experiences were captured using questionnaires. Usabil-
ity measures of Ease of Use and Usefulness were captured with
four statements each, adapted from the Technology Acceptance
Model 2 (TAM?2) [45]; Satisfaction was captured with four state-
ments modeled after the TAM2 instrument [16]. User Engagement
was assessed using the four User Engagement Scale Short Form
(UES-SF) [34] sub-measures: Focused Attention, Perceived Usability,
Aesthetic Appeal, and Reward. All responses were collected on a
5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly
agree), with three items reverse coded as specified in the UES-SF
instructions.
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We did not attempt to measure participants’ subjective experi-
ences of serendipity. This was mainly because we did not want to
reveal the study’s specific focus on supporting aspects of serendip-
ity until after capturing their experiences, so as not to bias the
data collection. Also, while there are existing empirically-validated
scales that measure individual propensity to experience serendipity
in digital information spaces [19] and the extent to which digital
information spaces support serendipity [29, 30], to our knowledge
there are none that capture people’s experiences of serendipity
when interacting with digital spaces such as an academic digital
library search interface.

All data was tested for normality and found to be within accept-
able limits to justify the use of analysis of variance (ANOVA) for
conducting statistical analysis, given its known robustness. The
significance level is set at p = 0.05. Effect sizes are reported as
n?, where values less than 0.06 are considered small, up to 0.14 as
medium, and greater than 0.14 as large.

4.4 Participants

We recruited 28 undergraduate students from the Computer Science
programs at our university. To ensure participants had sufficient
background to understand the academic search tasks, participation
was limited to those in their second year of study or higher. The
sample included 14 participants who self-identified as female, 13
as male, and one as non-binary, with a mean age of 22.64 years
(SD=4.99). Participants were enrolled in several programs: BSc in
Computer Science (n=17), BSc Honours in Computer Science (n=2),
BSc in Software Systems Development (n=5), and BSc in Computer
Science with a Business Concentration (n=4). The distribution by
year of study was: 2nd year (n=4), 3rd year (n=9), and 4th year
(n=15). A pre-study questionnaire confirmed that the median self-
reported familiarity with academic digital library searching was
“somewhat good”. The courses specified in the simulated work
task scenario were not being offered in the semester during which
the data collection occurred; the specific tasks were not part of
any previous offerings of these courses. This limited the ability
for any participant to leverage current or previous coursework in
conducting the search tasks.

4.5 Procedures

On arrival, participants provided informed consent and completed
a pre-study questionnaire covering demographics and search expe-
rience. Each session began with training; participants watched an
instructional video for their assigned interface and had the opportu-
nity to familiarize themselves with its functionality for undertaking
concurrent search tasks (saving search results into appropriate
workspaces, switching between workspaces to pursue the other
task, handling situations where a search result relevant to the other
task is discovered). We did not explicitly indicate to participants
that we were investigating serendipity or use terminology related
to serendipitously encountering information during training; in-
stead we described the study as one that focused on how people
handle multiple concurrent search tasks with a search interface
that supports multiple distinct workspaces.

Participants then proceeded to the main search activity. After
presenting the simulated work task, a pre-task questionnaire was
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administered to gauge prior knowledge. The participants were then
given access to the assigned search interface and asked to pursue the
two concurrent search tasks. When they reported having completed
the search activity, post-task questionnaires were administered. The
total session duration ranged from 55-70 minutes.

A low-impact deception protocol was employed, which was
reviewed and approved by our university’s Research Ethics Board.
Firstly, we did not reveal the true purpose of the study, as described
above. Secondly, we informed participants that they would each
receive $30 remuneration and that a $20 bonus would be awarded to
whomever collected the most relevant resources for the two search
tasks. This was done to incentivize participants to take the task
seriously and do their best work. However, we gave all participants
the full $50 compensation. Additionally, without participants’ prior
knowledge, the search results lists were manipulated to include
search results relevant to the other task. At the end of the session,
participants were debriefed. Participants were asked to consent to
use their data with full knowledge of the study, and were offered to
withdraw without penalty. All participants provided this secondary
consent.

5 Results

Since the opportunity for potentially serendipitous information
encounters was created artificially, we first verify that participants
noticed some of the inserted search results relevant to the other task,
and chose to save them. These are presented separately for each
task and each experimental condition (search interface) in Table 2.
A series of one-way analyses of variance (ANOVAs) were conducted
to determine if there were differences between the experimental
conditions with respect to whether these information encounters
were pursued.

The interaction with each artificially inserted search results was
classified as either correctly saved (i.e., the participant was able to
save the search result in the correct workspace, facilitating follow-
up and potential value creation from the encountered information),
incorrectly saved (i.e., the participant saved the inserted search re-
sult, but to the current workspace instead of the correct one), or
missed (i.e., either the participant did not consider the inserted
search result, did not experience a serendipity trigger when con-
sidering the search result, or did not wish to exert the effort to put
it into the correct workspace). Of note, the total number of these
interactions varies between the tasks and experimental conditions,
based on the number of queries issued and pages of search results
viewed.

For both search tasks and and search interface conditions, par-
ticipants identified some of the inserted search results that were
relevant to the other task and chose to save them in their correct
workspaces. While our training and incentives may have primed
the participants to save more search results than they might have
done in real life, these results show that the approach for cultivating
serendipitous information encounters was effective.

5.1 Handling Encountered Information (RQ2)

Referring again to Table 2, there are clear differences in the success
rate of identifying and saving the inserted search results relevant to
the other task into the correct workspace, at statistically significant
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Table 2: Mean (standard deviation) frequency of the result of encountering the inserted search results relevant to the other task.

Task Encounter Baseline

Revelio ANOVA

Correctly Saved 1.43 (1.02)
Task 1 (Bias in ML) Incorrectly Saved  1.00 (0.88)
Missed 1.57 (0.94)

2.29(0.73
0.57 (0.65

F(1, 26) = 6.59, p < 0.05, qf, =0.20
F(1, 26) = 2.17, p = 0.15
F(1, 26) = 6.37, p < 0.05, rrf, =0.20

Correctly Saved 1.14 (1.10)
Task 2 (UI for RecSys) Incorrectly Saved  1.07 (1.00)
Missed 1.86 (1.03)

(

(
0.64 (1.01
2.21(0.70

0.36 (0.63
0.86 (0.86

F(1, 26) = 9.47, p < 0.01, qf, =0.27
F(1, 26) = 5.12, p < 0.05, qf, =0.16

)
)
)
)
)
) F(1,26) = 7.77, p < 0.01, q}, =0.23

levels and with large effect sizes. For both tasks, the participants
who used Revelio had more correctly saved serendipitous infor-
mation encounters, and fewer missed opportunities. For Task 2,
the participants who used the Baseline had more incorrectly saved
encounters (saved into the wrong workspace), which is evidence
of not wishing to incur the cost of changing workspaces in order
to save the search result in the correct place. Given the similarity
in the nature of how the serendipitous information encounters
were handled, and the ability for the participants to freely switch
between the workspaces and associated search tasks, from this
point forward we report findings aggregated over the two tasks,
but will return to considering the tasks separately when analyzing
perceived knowledge gain.

An important element of studying concurrent search tasks is
considering the cost of switching between tasks. To understand
how each interface influenced this, we conducted a detailed analysis
of the circumstances of each task switch using the interaction logs
(see Table 3). The number of intentional workspace switches be-
tween the participants using the two interfaces was similar, which
is expected given the common multi-workspace structure. However,
when an serendipitous information encounter was triggered, there
were statistically significant differences with large effect sizes in
how participants dealt with these depending on which interface
they used. For those in the Baseline condition, these resulted in a
workspace switch and re-issuing the same query to find the search
result that triggered the encounter. When this serendipity-driven
workspace switch occurred, participants would sometimes remain
in this workspace and continue searching for this task rather than
returning to their previous workspace/task. Of note, the number
of serendipity-driven workspace switches in the Baseline condi-
tion is greater than the number of correctly saved serendipitous
information encounters (3.57 > 1.43 + 1.14 = 2.57). This differ-
ence represents the number of times the participants changed to
the other workspace, re-issued the same query, but then had diffi-
culty re-finding the search result that triggered the encounter. We
consider these failures of the Baseline to adequately support the
participants’ handling of serendipitously encountered information.

When participants who used Revelio encountered a potentially
serendipitous search result, they had two ways to handle this
discovery: temporarily set it aside using the RIL button, or fol-
low the same process as the participants who used the Baseline
(switching workspaces and re-issuing the same query to re-find
the search result). Although some participants defaulted to this
workspace switching approach, it happened significantly fewer
times, and the participants seldom remained in that workspace
to continue searching. More commonly, Revelio participants used
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the RIL button to save the serendipitously encountered informa-
tion for later review and continued with their primary search task.
Here also, the number of serendipity-driven workspace switches
and search results saved to the RIL list were greater than the num-
ber of correctly saved serendipitously encountered search results
(1.86 + 6.14 = 8.00 > 2.29 + 2.21 = 4.50). While it is possible that
some of the serendipity-driven workspace switches resulted in a
failed re-finding similar to what was observed in the Baseline con-
dition, there is a second factor at play; in some cases, participants
used the RIL list not only to temporarily hold serendipitous discov-
eries, but also to hold other search results that they were not sure
about and wished to evaluate for relevancy later. This highlights the
value of the RIL button/list page beyond managing serendipitous
information encounters.

5.2 Impact on Performance (RQ3)

5.2.1 Overall Usability and User Engagement. To evaluate partic-
ipants’ perceived value of each interface in relation to pursuing
concurrent search tasks when serendipitous information encoun-
ters occur, we administered a series of questionnaires following
the completion of the search activities that were focused on three
aspects of overall usability and four aspects of user engagement.
Statistical analyses were conducted on each of these concepts sepa-
rately (see Table 4).

Statistically significant differences with large effect sizes were
found for all three measures of overall usability. Although the
feature-level differences between the two interfaces were small,
the ability to set aside a potentially serendipitous search result for
later review and matching to another workspace had a positive
impact on Revelio’s overall usability.

Considering user engagement, there were statistically significant
differences with large effect sizes on three of four measures. Partici-
pants who used Revelio reported higher levels of focused attention,
perceived usability, and reward factor. We attribute this to their
ability to easily defer serendipitous information encounters when
they occurred, stay focused on the current search activity, and later
use the visual similarity indicators in the RIL list page to decide
on an appropriate workspace for these search results. There was
little difference with in aesthetic appeal measure, which is expected
given that the interfaces were visually similar.

5.2.2  Search Task Performance. To assess search task performance,
we analyzed three behavioral metrics derived from system logs:
the search session duration, the number of saved search results in
both workspaces, and the relevance (precision) of the saved search
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Table 3: Mean (standard deviation) frequency of interactions associated with concurrent searching and information encounters.

Primary Interactions Baseline  Revelio ANOVA

Intentional workspace switch 3.86(1.82) 3.57(0.85) F(1,26) =0.64,p =0.43
Serendipity-driven workspace switch 3.57(1.38) 1.86 (0.77) F(1,26) = 21.27, p < 107%, 7} = 0.45
Remain in workspace after serendipity-driven switch ~ 1.07 (0.62)  0.29 (0.47) F(1, 26) = 14.43,p < 0.001, ryf, =0.36
Search result saved using RIL button - 6.14 (1.09)

Access RIL list - 5.43 (1.21)

Table 4: Mean (standard deviation) of the 5-point Likert scores for overall usability and user engagement.

Measure Baseline Revelio ANOVA Results
Overall Usability
Ease of Use 3.73(053)  4.25(0.50) F(1,26) = 7.04, p < 0.05, % = 0.21
Usefulness 3.32(0.39) 4.12(0.68) F(1,26) = 14.88, p < 0.001, 7, = 0.36
Satisfaction 3.52(0.56) 4.12(0.66) F(1,26) = 6.86, p < 0.05, % = 0.21
User Engagement
Focused Attention  3.21(0.89) 4.10 (0.66) F(1, 26) = 8.82, p < 0.01, ’7;2; =0.25
Perceived Usability  2.81 (0.96) 3.88 (0.61) F(1, 26) = 12.48, p < 0.01, r]f, =0.32
Aesthetic Appeal 3.52(0.75) 3.90(0.56) F(1, 26) = 2.32, p = 0.14
Reward Factor 3.50 (0.96) 4.43(0.40) F(1,26) = 11.18, p < 0.01, r]lz, =0.30

results with respect to the task associated with the workspace in
which they were saved. The results are presented in Table 5.

Participants using Revelio were more efficient in completing
the concurrent search tasks than those using the Baseline inter-
face, at a statistically significant level with a large effect size. As
the only difference between these interfaces was the RIL buttons
and RIL list page, this suggests that deferring and later review-
ing the serendipitous information encounter is more efficient than
workspace switching. That is, instead of interrupting their primary
task to switch workspaces, participants could use the low-effort RIL
button to set aside the search result, keeping their momentum with
respect to their current search task and leading to faster overall
task completion.

In terms of the number of search results saved in the workspaces,
there was little difference between the two conditions in this study.
This is not unexpected, given that the search results lists were iden-
tical, as was the manner in which the search results were presented
on the SERP.

To calculate the precision of the saved search results, it was
necessary to assess the relevance of the search results in each
workspace with respect to the task associated with that workspace.
The first two authors served as independent judges, rating each
search result saved on a three-point scale (0=not relevant, 1=par-
tially relevant, 2=fully relevant). Inter-rater reliability was very
high, confirmed by a Cohen’s kappa of ¥=0.90. In cases where there
were disagreements, these were resolved through discussion. The
ratings were converted to a binary scale for analysis, where both
partially and fully relevant search results were considered relevant.
Such an approach is common practice in the field [41], and is appro-
priate for the exploratory browsing aspect of the exploratory search
model [16], where even partially relevant search results support
learning and discovery.

The search results saved by the Revelio participants were statis-
tically significantly more relevant to the search tasks than those
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saved by the Baseline participants, with a large effect size. This in-
creased precision demonstrates two key benefits of the RIL features
in Revelio. Firstly, by allowing users to easily save encountered
information without having to make a decision on what to do with
it until later, those who used Revelio were able to stay focused on
their current search task and make better decisions about relevant
search results. Secondly, when they returned to the RIL list page,
they were able to give these search results their focused attention,
and were supported by the similarity visualization with respect to
each workspace. This ‘save now, organize later’ workflow resulted
in a higher quality collection of saved search results for each task,
ultimately increasing search performance.

Of note, there was also downward pressure on the precision of
the saved search results among the participants in the Baseline
condition, due to incorrectly saving inserted search results relevant
to the other task into the current task’s workspace. The decision
to do so, presumably with the intention to put it in the correct
workspace later, did not make the search activity any more efficient
but did make the saved results less precise.

5.2.3 Perceived Knowledge Gain. To assess how each interface
affected participants’ perceived knowledge, we collected and an-
alyzed pre- and post-task measurements, calculated the average
knowledge gain per task, and conducted statistical analysis on this
data (see Table 6). Overall, there was knowledge gain in both con-
ditions and both tasks, as one would expect after performing a
search activity that included external motivation for finding rele-
vant resources. However, the increase in knowledge was only at a
statistically significant level for the participants who used Revelio.

As the only difference was whether there was explicit support
for managing potentially serendipitous information encounters, we
conclude that the disruption of having to deal with encountered
information as it is found (in the Baseline condition) had a negative
effect on perceived knowledge gain. In contrast, those who used
Revelio could remain focused on their primary search task, with
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Table 5: Mean (standard deviation) values of the search performance metrics.

Measure Baseline Revelio ANOVA Results
Time to Task Completion (seconds) 1291 (93) 1157 (172)  F(1, 26) = 6.62, p < 0.05, 77?, =0.20
Number of Saved Search Results 9.07 (1.38)  10.07 (1.54)  F(1, 26) = 2.76, p = 0.11

Precision of Saved Search Results 64.4% (0.15)

80.5% (0.10)

F(1, 26) = 10.51, p < 0.01, ;7}, =0.26

Table 6: Mean (standard deviation) of perceived knowledge scores.

Task Interface Pre-Task Knowledge Post-Task Knowledge A  ANOVA Result

Task 1 Baseline 3.10 (0.76) 3.48 (0.73) 038 F(1,13) = 2.77, p = 0.120

(Bias in ML) Revelio 3.21 (0.66) 4.07 (0.48) 0.86  F(1,13) = 13.00, p < 0.01,, 7% = 0.26
Task 2 Baseline 3.24 (0.87) 3.67 (0.51) 043 F(1,13) = 3.39, p = 0.089

(UI for RecSys)  Revelio 3.19 (0.58) 4.24 (0.28) 105 F(1,13) = 22.11, p < 0.001,, 7% = 0.43

a positive effect on their perceived knowledge at the end of the
search activity.

6 Discussion

To date, most serendipity studies have examined the process from
a human behavior perspective [7, 13, 25-27, 31]. Of the few stud-
ies that have investigated how serendipity can be supported in a
search context, all have focused on supporting people in noticing
serendipity triggers and making mental associations [3, 38, 43]. Our
research is novel, as it focuses on supporting the later stages of
the serendipity process, following up on potentially serendipitous
information encounters in order to create value from them, in a way
that minimizes the impact on the primary search task. It achieves
this by using lightweight additions to a standard academic digital
library search interface [15].

To the best of our knowledge, the existing literature has does not
include reliable and repeatable methods for creating the opportu-
nity for serendipitous information encounters within a controlled
user study context. Drawing inspiration from prior attempts [12],
we developed a novel approach that can easily be replicated in
future studies. We hope that this will spark further research that
incorporates controlled studies of how best to support aspects of
serendipity in interactive information retrieval.

Although our study highlighted the benefits of being able to
defer and subsequently follow-up on potentially serendipitous in-
formation, such deferral is not always beneficial. In some cases,
immediate follow-up is desirable, such as when a searcher has be-
come fatigued by the primary task and would welcome a change,
when an association is triggered that sparks a moment of particular
insight, clarity, or creativity that the searcher does not wish to lose,
or when the task associated with the encountered information is
perceived to be more important than the primary task. In such
cases, the lightweight features of Revelio do not get in the way of
such task switching; they simply provide an alternative pathway
for dealing with serendipitous information encounters when the
searcher would prefer to stay focused on their primary task.

Several limitations must be acknowledged. The primary limita-
tion of Revelio’s interface is a lack of scalability of the approach for
matching the search results in the RIL list page to the searcher’s ex-
isting workspace. If the searcher has a large number of workspaces,
listing the top five and providing interactive access to the rest will

239

keep this page compact. With respect to the study design, the simu-
lated task environment created more opportunities for serendipity
than might naturally occur; this was necessary to ensure that there
were sufficient opportunities for serendipitous information encoun-
ters. Further study of Revelio in the wild is needed, including natu-
ralistic observation, diary studies, and longitudinal logging. Such
studies will allow for a more direct connection to be made between
the features of the interface and the experiences of searchers as
they encounter information.

7 Conclusion and Future Work

There are three novel contributions of this research. Firstly, it intro-
duces a refined version of Revelio, an academic digital library search
interface that supports the deferral and later review of potentially
serendipitous information. This is one of just a few search user
interfaces that have been designed to support serendipity and is a
practical contribution. Secondly, it proposes and demonstrates the
effectiveness of an approach for creating opportunities for serendip-
itous information encounters within a controlled laboratory setting.
As prior approaches have been unsuccessful [12], this constitutes
a methodological contribution. Thirdly, it provides empirical evi-
dence of the value of Revelio over a baseline academic digital library
search interface, showing that deferral and subsequent review of
serendipitous information encounters increases the overall perfor-
mance and subjective opinions of searchers.

Beyond conducting further studies of Revelio in naturalistic
settings, there is broad scope for further research on how search
interfaces can support and enhance serendipitous information en-
counters. For example, a slide-in sidebar could allow a potentially
serendipitous information encounter to be immediately pursued
to the point of determining it is likely to be valuable, allowing the
searcher to save it in the appropriate workspace, then close the side-
bar to return to their previous search. Al may also be leveraged in
ways that further cultivate opportunities for serendipity, including
triggering serendipity by suggesting potential connections between
search results displayed in the SERP and existing workspaces, or
across saved search results saved in different workspaces.

Further study of the ‘save now, organize later’ workflow in con-
texts beyond academic search are warranted, including within new
search interaction paradigms such as conversational search and
GenAl-based chat interfaces. More research into the circumstances
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when it is better to defer the serendipitously encountered infor-
mation versus when it is better to immediately examine it are also
needed. Integrated support for both circumstances could provide
searchers with the agency to make the decision on how to pursue
the information encounter with respect to their current situation
and context. By supporting people in managing information they
serendipitously encounter, we can provide an infrastructure to sup-
port insight creation, creativity, and fluid thinking.
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