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Figure 1: (a) Triage information displayed using Tabular layout, modeled after current practices at US Food and Drug Administration
(FDA). (b) Following interviews with FDA analysts, our gist-based summary, SumRe, supports their triage workflows by displaying the same
information using visual encodings to facilitate analysis of critical incident details at a glance along with recording analyst’s decision making.

Abstract

Incident report triage is a common endeavor in many industry sectors, often coupled with serious public safety implications. For
example, at the US Food and Drug Administration (FDA), analysts triage an influx of incident reports to identify previously
undiscovered drug safety problems. However, these analysts currently conduct this critical yet error-prone incident report triage
using a generic table-based interface, with no formal support. Visualization design, task-characterization methodologies, and
evaluation models offer several possibilities for better supporting triage workflows, including those dealing with drug safety
and beyond. In this work, we aim to elevate the work of triage through a task-abstraction activity with FDA analysts. Second,
we design an alternative gist-based summary of text documents used in triage (SumRe). Third, we conduct a crowdsourced
evaluation of SumRe with medical experts. Results of the crowdsourced study with medical experts (n = 20) suggest that SumRe
better supports accuracy in understanding the gist of a given report, and in identifying important reports for followup activities.
We discuss implications of these results, including design considerations for triage workflows beyond the drug domain, as well as
methodologies for comparing visualization-enabled text summaries.

1. Introduction

Incident reports detail issues related to products or services are sub-
mitted to regulatory agencies. For instance, the Federal Aviation
Agency (FAA) analyzes service difficulty reports about aircraft’s
maintenance issues [MR12]. The US Consumer Financial Protection
Bureau [Burl1] is responsible for collecting and analyzing consumer
complaints about unfair or deceptive financial practices. The U.S.
Food and Drug Administration reviews drug safety reports to iden-
tify previously undiscovered adverse drug reactions [HVGO8], one
of the leading causes of death worldwide [LPC98].

What is common about these incident report systems is that they
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all include semi-structured text data. An incident report might in-
clude information about the who or what organization submitted it,
structured information about the incident type or details, quantita-
tive measures pertaining to the incident, (e.g. money lost, medical
measurements), etcetera. While there have been several research
efforts targeting text data, for example the Yelp review analysis
system [FPB16] from Felix et al., and JigSaw [GLK™*12] from Gorg
et al., these typically focus on overview and exploratory analysis
tasks. In contrast, triage workflows demand individual attention on
individual reports, suggesting alternate system visualization designs
and workflows are needed.

In this work, we thus address challenges in triage workflow from
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a visualization standpoint by focusing on drug safety incident re-
ports triage. At the US FDA, analysts encounter hundreds of reports
in their caseloads where they review information within each report
to determine if the report needs further investigation. For example,
differences in patients’ demographics, medical histories, and other
drugs concurrently taken can make an outsize impact on the criti-
cality of a report, even among reports that focus on the same drugs
and adverse reactions. Analysts must dedicate substantial time and
attention to minimize the risk that life-threatening safety issues are
missed amidst the influx of reports received on a daily basis.

Through interviews with analysts at the US FDA and task-
characterization, we establish the promise of visualization-enabled
designs for improving reports triage. Currently, analysts at the FDA
use a traditional SQL-style table layout (hereafter referred to as Tab-
ular layout) to summarize key information in the reports narratives
(see Figure 2). A visual examination of the Tabular layout suggests
room for improvement (e.g. the unused white space, need to scroll,
etc.). To improve on this design, we observed FDA analysts using
the tool as part of their daily work. We also conducted a series of in-
terviews and discussions. We report this task characterization in this
manuscript, followed by describing how we utilized this to inform
our alternative design and its evaluation.

Informed by the task characterization, we design SumRe, a com-
pact gist-based visual representation of an incident report, which
aims to align with and facilitate analysts’ triage workflows. The
design of SumRe follows a multi-stage model which decomposes
subtasks in the triage process, as reported by analysts. For instance,
we characterize the most-used data elements in report triage as
triage cues, and use them to inform visual encoding choices in-
cluding space, color, and icons (following Maguire [Mag14]). To
evaluate SumRe, we conduct a crowdsourced controlled study with
twenty medical experts, comparing SumRe to the Tabular baseline.
The quantitative results of this study suggest that SumRe aids ana-
lysts in accurately assessing high-level qualities of reports (i.e. the
“gist”) as well as the detail-oriented assessment for determining
whether reports need followup. Moreover, our results suggest that
SumRe leads to better short-term recall, and qualitatively different
insights compared to the Tabular form. Participants also reported
that analyzing reports with SumRe was a more enjoyable experience.

We summarize our main contributions as follows:

e We contribute a task characterization of incident report triage
by observing 6 FDA domain experts at work using think-aloud
protocols and a series of followup discussions. These activities
form the basis of a set of design requirements for a compact yet
expressive design to support efficient reports triage.

e We design a gist-based visual summary, SumRe, drawing on
principles from information visualization and glyph-based visual
design. SumRe facilitates tasks from domain-specific workflows
using visual encodings such as spatial alignment, color, and word-
scale icons with the goal to reduce effort by analysts by supporting
the “gist”-based reasoning given a report.

e We develop an empirical study of triage-centered tasks to com-
pare SumRe and the Tabular baseline. Results from 20 medical
experts suggest SumRe facilitates high-level analysis as well as
accurate assessment of details needed to identify the most im-
portant reports, with comparable performance across other key
metrics.
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Figure 2: Currently FDA uses this standard Tabular layout for
incident triage, where scrolling is needed to view a report. We aim
to design and evaluate an alternative visual summary to better
communicate critical safety report information.

Taken together, these efforts underscore the need for techniques and
evaluation methodologies that target the role of visualization in the
difficult yet critical work of incident reports triage.

2. Background and Related Work

SumRe relates to previous work in three ways, including visualiza-
tion for text documents; visualization for triage in domains such as
cyber security; and efforts in improving drug-safety issue manage-
ment. We briefly cover prior work in these areas, focusing on prior
work which we draw from in the design and evaluation of SumRe.

2.1. Visual Analysis of Text Documents

The vast majority of text visualization techniques designed for the
exploration of a document corpus display metadata about the cor-
pus, such as results of document clustering [CWDHO09], topics
[LZP*12], and name-entities [GLK*12]. Feature Lens [DZG*07]
allows the visual exploration of frequent text patterns in text collec-
tions. TextTile [FPB16] allows users to explore a set of documents
by providing interaction operations and views. These approaches
provide an aggregated summary of a set of documents using mul-
tiple linked views for exploratory analysis, our focus instead is to
provide a glancable summary of each individual report for triage.

Visualization techniques for a single document also exist. Word-
clouds, also known as tag-clouds, have been widely used as an
exploratory tool to provide a high-level overview of a single or mul-
tiple text documents [VWO08, KHGWO07]. Docuburst [CCP09] uses
a space-filling approach to visualize document content by depicting
relevant terms along with their semantic relationships. Word Trees
[WVO08], a graphical version of ‘keyword-in-context’, visualizes sen-
tences sharing the same beginning in the form of a tree. Phrase Nets
[VHWYV09] use a graph-based visualization to display relationships
among words. Similarly, work on visual summaries of individual
text documents also exists. For instance, Liu et al [LSLO03] visually
summarize the emotions in a text document. In the literary domain,
long texts such as books and novels have been visually summarized
at multiple levels of abstraction to facilitate navigation within the
document [KIW™14]. For example, Document Cards [SOR*09]
provide a compact summary of a publication consisting tf-idf-based
keywords and images from the publication to support exploration.

2.2. Triage in Other Domains
Existing research in document triage has focused on designing
thumbnails [AKG™*10] or image-based [CAS13] web-page pre-
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views to help users select relevant webpages. Other efforts have stud-
ied user behavior during the triage of research articles [BBM™*06]
such as skimming through the headings and titles. Trist [JWS*05],
an information triage tool, provides an overview of large docu-
ment corpora to help in document comparison and trend analysis.
Approaches on designing visualizations to triage emails also ex-
ist [NBS05, HHT14]. CueT [ALK*11], a network alarm triage tool,
uses machine learning to prioritize network alarms to help opera-
tors quickly identify and fix them. While we share CueT’s idea of
helping analysts in identifying important reports, CueT is neither
designed nor evaluated for incident report triage.

2.3. Incident Report Analytics

Much of the existing work in Pharmacovigilance has focused on
applying computational techniques such as natural language pro-
cessing (NLP) on incident reports to extract name-entites from un-
structured text [WQK™ 17, KWMJ*15,STKO13]. Publicly available
online tools such as OpenFDA [KHXM™15] and OpenFDAVigil
[BvHH™16] help the general public explore incident reports and
learn basic statistics about a certain drug or reaction. Other ap-
proaches have visualized relationships between drugs and their re-
ported reactions [YBH14,JXYXJ*15,KQR*19]. These tools help in
exploring the reports at an aggregate level; but they are not designed
to visually summarize an individual report.

3. A Task-Characterization of Incident Report Analysis

The FDA regularly receives incident reports about medication errors
and adverse reactions through their post-marketing drug surveil-
lance program called FAERS [FA15]. Each report has structured
information such as patients demographics, therapy and event re-
lated information, as well as a text narrative describing the details
of the reaction suspected to be caused by the drug. FDA analysts
review hundreds of incident reports on a daily basis. Their goal
is to identify reports indicative of potential safety problems such
as a previously undiscovered reaction that needs regulatory action.
Regulatory action includes adding a warning to the drug label or in
worst cases removing the drug from the market.

Incident reports triage is a process where drug analysts review
each individual report related to a certain drug or reaction from
a larger batch of reports. The goal of individual reports triage is
to assess the association between the drug and reactions, and to
determine whether a report requires further investigation. More
specifically, analysts review certain structured information that we
call triage cues in each report and formulate a hypothesis as to
whether the report is indicative of a potential issue and thus should
be investigated. Investigation beyond this stage means that she would
read the text narrative to sift through the details of the incident.

After assessing the report’s contents, if an analyst considers a
report indicative of a potential safety issue, further evidence is then
sought by collecting similar reports and considering the domain-
related plausibility of the incident. When both of these conditions
are met, the evidence is compiled along with recommendations for
a regulatory action to mitigate the safety issue. While steps beyond
this triage process are important, they are sufficiently complex to
require design and interventions beyond the scope of this work. The
complexity of the post-triage process, combined with the fact that
FDA analysts spend a substantial portion of their time on triage
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itself, leads us to constrain the scope of this work to focus on triage
with its own distinct set of challenges.

3.1. Triage Requirements Elicitation and Characterization

To better understand what requirements were necessary to aid ana-
lysts in the identification of reports indicative of investigation, we
conducted one-hour in-person semi-structured interviews with six
(6) drug safety analysts at the FDA. In these sessions, we observed
the analysts performing their regular triage tasks, and asked follow-
up questions to characterize their thought processes. In these efforts,
our goal was to understand what parts of the report summary are
attended to during triage, and how these parts are analyzed to ren-
der an assessment. We recorded and transcribed these sessions to
facilitate the synthesis of requirements. As an intermediary goal,
following these sessions we had additional remote discussions with
these analysts to clarify and then crystallize a model of their pro-
cess and key requirements. Details of the minor requirements are
reflected in the design process as discussed in Section 4.

3.2. Triage Cues: The Critical Information Used in Triage
One major requirement that emerged from interviews with FDA
analysts is the relative weighting of report summary information,
which we characterize as triage cues. In particular, analysts seek in-
formation about the patient, such as their demographics and history,
the incident, such as the drug and reaction, and the events after the
incident, such as, interventions taken to mitigate the incident. Fig-
ure 3 depicts common triage cues (data attributes) in the sequence
they appear in a report (arrows and spatial position) as well as their
priority in being assessed during triage within a report (color). The
majority of these triage cues are high cardinality, that is, they have
many categories, such as different drugs or reactions. For instance,
Aspirin and Tylenol are two categories of the drug cue, while nausea
and headache are categories of the reaction cue.

3.2.1. Primary Triage Cues for Hypothesis Formation

Here we describe how these triage cues are assessed during triage.
Some triage cues help analysts to determine whether the report
should be investigated or not. We call these cues Primary Triage
Cues as analysts assess them first to know if the incident is serious
and/or plausible, depending upon the quantity and quality of useful
information present in the report.

Primary Triage Cues for Seriousness. To assess seriousness, an-
alysts look at the outcome of the report, where “serious” typically
means a negative outcome, such as the patient dying or being hos-
pitalized (Fig. 3). Analysts also prioritize a report if the drug is
a new molecular entity, i.e., a new drug. This is because analysts
closely monitor new drugs as they have not been in the market for a
long time and chances of them causing undiscovered adverse reac-
tions (ADRs) are high compared to those in long-term use. Analysts
also look for the severity of the reported adverse reaction. For in-
stance, a renal failure or seizure is a severe reaction and thus worth
investigating as compared to a headache or nausea.

Primary Triage Cues for Plausibility. Analysts also form a hypoth-
esis about the importance of a report by evaluating the plausibility of
the incident by reviewing the *Onset‘, Dechallenge‘, and Rechal-
lenge* triage cues (Fig. 3). Onset is the duration between the date
when the drug was taken and the date when the reaction was ob-
served. Onset helps analysts assess the possibility of the reaction
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drives the spatial layout and other design elements in SumRe by reflecting the sequence of cues drug analysts examine related to patient
characteristics. Triage cues are a key part of incident report triage. Analysts first seek primary cues to form an assessment of plausibility,
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represents the attribute type (where X=C means Categorical and X=N Numeric) and its cardinality. E.g. (C*) means a high-cardinality (*)

categorical attribute (C) with hundreds of categories.

being associated with the drug. Dechallenge and Rechallenge, on
the other hand, are clinical actions taken by medical professionals
to assess if the reaction is associated with the drug. Dechallenge
implies that the reaction disappeared after stopping the drug, and
rechallenge that the reaction recurred after restarting the drug.

3.2.2. Secondary Triage Cues to Support or Reject Hypothesis
After forming a hypothesis about whether the association between
the drug and reaction is plausible or if the report is serious and hence
important by reviewing the Primary Triage Cues, analysts seek ad-
ditional information to further support their initial hypothesis. We
call these cues Secondary Triage Cues. For instance, the analyst
may want to know if the drug is known to be causing the reaction,
or patient’s medical history may be the reason for the incident (re-
action). Similarly, reporter type is important for triage because if a
severe and rare reaction is reported by a medical professional then it
has more value than when reported by a patient due to the former’s
medical expertise. Hence analysts will prioritize investigating it fur-
ther. These secondary cues support or reject the analyst’s hypothesis
about whether the report needs investigation or not.

Missing Information. Information including key triage cues can
be missing in incident reports due to poor reporting — a world-wide
problem plaguing Pharmacovigilance [BNL14]. Missing informa-
tion may complicate the triage process because based on the type of
missing triage cues, the assessment of a report can become challeng-
ing. However, if a report has many triage cues missing and there
is less information to assess an incident, then analysts are likely to
quickly form a hypothesis that the report does not need investigation.

3.3. Design Goals for a Compact Visual Summary — SumRe
Based on our interviews with the FDA analysts (Sec. 3.1), we iden-
tified the following design goals for SumRe.

DG1: Provide a compact view to facilitate comprehensive anal-
ysis. Analysts review multiple triage cues (Fig. 3) collectively
to decide if a report needs further investigation. Our goal is to
provide a compact view of this expansive and informative data to
make glancing at a report feasible.

DG2: Differentiate among diverse triage cues. Analysts priori-
tize primary cues for forming a hypothesis about the report, and
thereafter tend to focus on secondary cues to seek supporting
evidence for their hypothesis. The design thus needs to support
an ease in differentiating between these classes of triage cues.

DG3: Facilitate capturing triage artifacts. Our goal is to allow
analysts capture their triage related comments and actions; with
the aim to support them in keeping track of their analyses as well
as facilitate information recall at a later stage.

4. Designing SumRe: a Visual Summary for Reports Triage

Following our collaboration with FDA analysts and initial task char-
acterization activities, we developed an alternative summary method,
SumRe. SumRe seeks to address the identified challenges in incident
report triage, while drawing on visualization principles to effectively
align with the identified primary/secondary cue workflow we ob-
served from analysts. The final design as depicted in Fig. 4 is a
result of multiple iterations and discussions with the domain ex-
perts. After initial prototype designs, we refined the aforementioned
requirements by obtaining further details on how analysts process
triage cues via discussions with the FDA experts. One outcome of
this activity was the use of icons to summarize information. Fur-
ther iterations explored alternatives related to the order and visual
encodings of the triage cues.

4.1. Overall SumRe Layout

The information in our design is structured from left to the right
following the order of events happened to the patient within a report.
We used a primary visual channel— spatial position— to represent
the sequence of the cues to follow this natural flow of the events.
For instance, SumRe can be read starting from patient and reporter,
to the details of the incident and the events afterwards.

One example outcome of the design process comes from the
placement of the indication component, which is the disease for
which drug is taken or prescribed. During our discussions with the
FDA analysts, they suggested to place indication next to the drug as
it would help them know right away why the person took the drug.
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Figure 4: SumRe layout to triage incident reports. (a) Profile Panel presenting information about the patient and the reporter. (b) Incident
Panel representing all the information associated with the reaction (incident). (c) Analysis Panel allows analysts to add comments and triage
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Rechallenge respectively. Missing information is represented with grey color. Arrows are added for illustration and are not part of the design.

According to one expert, “Indication is important for our analysis, as
most of the times one drug can be used to treat multiple symptoms.
Such as, Propranolol is used to lower blood pressure but it is also
prescribed to prevent migraines. Knowing the drug’s association
with the reaction for a certain indication is helpful”. Below we
discuss further components of the design.

Profile Panel. The Profile Panel (Fig. 4a) displays the triage cues
related to the patient. Basically it answers the questions “who did
the incident happen to, and who reported it”. These cues represent
supplementary information and are not associated directly with the
incident. Following expert feedback, we added the counts for the
high-dimensional cues to allow analysts to assess the information
on the fly. We were told that having many underlying conditions
(history) and taking multiple drugs at a time hinders the analysis.
According to one expert, “We are looking for confounders. e.g., If
we have a report where patient has taken 10 drugs and has a reaction,
that report is not gonna help us in assessing the incident as compared
to a report where a patient has taken only one or maybe two drugs”.

Incident Panel. The Incident Panel (Fig. 4b & c) summarizes the
information associated with the reaction from the time the drug was
taken until the patient recovered from the reaction. The arrow on
the timeline depicts the sequence of the events. The information on
timeline reads like a story. That is, for a certain disease, the patient
took the drug on a date and after [onset] days the patient experienced
the reaction with a serious outcome [hospitalization] and was then
treated with [Treatment]. In some cases, the drug was dechallenged
and rechallenged to assess its association with the reaction.

Analysis Panel. The Analysis Panel (Fig. 4d) allows analysts to
add their comments as well as triage action to a report summary to
help them in distinguishing between triaged and untriaged reports
as well as help them in reviewing their assessment about the report
at a later time DG3). The triage actions at this stage are if they
will investigate (I) a report further or not (N). The Analysis Panel is
placed at the end of the summary following the workflow of analysts,
that is, they read a report from left-to-right and end by adding notes
to the end of the report when writing a review.

4.2. Design Considerations for Triage Cues Depictions

To design a compact visual summary (DG1), some triage cues
needed to be made glanceable. Existing research shows that icons
and symbols are effective for getting the gist [Mat06]. As only
primary cues in our data have a few categories, we design icons
using Borgo et al.’s [BKC*13] guidelines to represent them and
used text, space, and color to represent rest of the triage cues (DG2).
Redundant encodings are used to help analysts easily differentiate
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among various triage cues [BBK* 15] and to facilitate multiple anal-
ysis strategies. For instance, patient-related cues have the most left
spatial position and a green color (Fig. 4).

Overall Visual Encoding for Icons. The primary triage cues
contain 2-3 categories, at most. For instance, the primary cue out-
come has two categories, serious and non-serious. Therefore, the
visual channel with the strongest ‘popout’ effect to differentiate
between these categories is color after position, as position has been
used for the overall layout of SumRe. We use color hues to differ-
entiate between categories of a primary triage cue. The colors are
chosen based on the semantic meaning of the category. For instance,
red represents information that is serious or plausible and needs
attention, grey encodes missing information, and blue represents
non-serious or implausible. For consistency, similar color encoding
is used across all icons. Similarly, the shape channel [Magl14] is
selected to differentiate among different primary triage cues. The
details on selection of each shape is discussed below.

Designing Onset’s Icon. As onset is the duration between the
date when the reaction was observed and the date on which the
drug was taken, we use a time symbol to represent it. Moreover,
onset represents a connection between the drug and reaction so we
represent the connection using a semantic encoding of link [Mag14].
Due to poor quality of reporting, sometimes the onset is missing in
the report or it may even be implausible, such as depicting that the
reaction happened before the drug. Although only domain experts
can verify the actual plausibility of the onset as it varies from drug to
drug, we consider an onset only to be plausible if it is at least a posi-
tive value depicting that the reaction happened after taking the drug.
According to one domain expert “For some drugs a certain reaction
may appear the same day, while for others it may take months, so
the onset really depends on the drug and reaction”. Therefore, we
only represent if onset is reported or is missing and leave further
assessment to the human experts.

Designing Dechallenge & Rechallenge’s Icons. Dechallenge
means the reaction’s disappearance after stopping the drug (a posi-
tive fact), while rechallenge means the reaction’s recurrence after
restarting the drug (a negative fact). Our first designs for these el-
ements included variations of metaphoric icons to represent ‘stop’
and ‘restart’ signs to represent dechallenge and rechallenge, respec-
tively. Other design alternatives included using the alphabets ‘D’
and ‘R’ with and without background. All these designs were shown
to the experts and multiple rounds of discussions led to the final
design as depicted in Fig. 5 (b & c). The circles were added to the
alphabet to improve their visibility in the presence of other triage
cues in SumRe (Fig. 4)
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Figure 5: Icons for the Primary Triage Cues. Red color depicts a serious or plausible cue, blue color encodes non-serious or implausible cues,

and grey represents missing information.

Designing Icons for Drug and Reaction Status. Two of the
primary triage cues correspond to domain knowledge about the
reaction and drug — both critical for triage. For drug, the status
represents if the drug is new or old (regular), and for reaction, status
means if it is severe or non-severe (Fig. 5d,e). At the FDA, a drug
is considered new for three years after its approval and being in the
market. We considered various design options for the drug-status
cue including pictures of medicine and different shapes of pills. For
the reaction-status, metaphoric representations, such as, variation
of ‘star shapes’ to depict issue or negative effect were preferred by
experts as compared to the alphabetic representation (A for ADR).
After many design iterations, we selected the final design as depicted
in Fig. 5(d,e) with the surrounding rectangle used to enhance their
popout effect when displayed along-side the secondary cues (Fig. 4).

Designing Outcome’s Icon. The outcome of a reaction has two
values: serious and non-serious. We designed multiple variations
of metaphoric symbols for ‘danger’ and ‘alarming’ signs using a
variety of shapes (circular, triangular) as well as using alphabetical
representations (S and NS). Based on the feedback by the experts,
the triangle symbol (Fig. 5f) is selected as compared to a circle
to avoid confusion with other circular icons, i.e., icons for onset,
dechallenge and rechallenge.

Representing Missing Information. As missing information is
key in report quality assessment, we use a grey color to represent
missing information in SumRe for both primary and secondary cues.
In informal pilot studies, we observed that participants had difficulty
perceiving the amount of grey presented and were unconsciously
biased towards the missing secondary cues as compared to primary
cues, due to the small size of icons. We conducted followup pilots
using different shades of grey for both primary and secondary cues.
The final shade that was best perceived is presented in Fig. 4.

5. Crowdsourced Evaluation of SumRe with Medical Experts
SumRe is designed to support effective triage of incident reports by
providing a visual summary of each individual report. To evaluate
the design of SumRe, we have conducted a controlled user study to
assess its usefulness in reports triage in comparison with the current
techniques used for triage of these reports at the FDA.

5.1. Overall Study Design

5.1.1. Participants

Newly developed crowdsourcing platforms such as Prolific [PS18]
provide means for participants to self-report occupation and exper-
tise on the platform itself. This presented an opportunity to evaluate
SumRe in a crowdsourced setting, meeting the dual goal of main-
taining social constraints at the time of the study (COVID’19) and
evaluating whether platforms such as Prolific provide relevant ex-
pertise for domain-focused visualization evaluation. (We note that
FDA analysts were not available during the study period, which was
conducted during the pandemic.)

We recruited 20 medical experts (5 male, 10 female, 5 unspeci-
fied) using Prolific filter criteria to target participants who identify

as Doctors, Nurses, Pharmacists, and Emergency medical work-
ers. Recruited participants included medical students, and retired
medical professionals demonstrated that they were familiar with
drugs and their related adverse reactions, particularly judging from
their free-response answers. Based on completion times (around
55 minutes) in pilot experiments, each participant was paid over
$10.00 exceeding US Minimum Wage. All participants viewed an

IRB—ap§)roved consent form.
5.1.2. Study Design

The experiment followed a within-subjects design where each par-
ticipant performed the tasks using both conditions (layouts) to mini-
mize the effects of participant’s expertise and domain knowledge.
Both conditions and datasets were balanced across participants.
5.1.3. Baseline Condition

Analysts at the FDA currently use a Tabular layout (Fig. 2) to skim
the structured information of a report to make a decision on whether
to dive into reading the actual report and more deeply investigate the
narrative. We use a Tabular Layout similar to (Fig. 2) as a baseline
to reflect this current triage workflow. The order of the data elements
in the Tabular layout follows the same order used in current tool
at the FDA for triage (Fig. 2). We added two columns appended to
the end of the Table, one for adding comments and other for adding
the proposed triage action. However, in practice, the current Tabular
layout at the FDA (Fig. 2) does not capture any annotations and it is
read only. For consistency and sake of a fair comparison, we present
similar information in both the Tabular layout and SumRe.

5.1.4. Interaction Design

SumRe is designed to communicate a gist of all triage cues using vi-
sual encodings, while addressing limitations inherent in the analysts’
current Tabular layout. For example, the current Tabular layout re-
quires analysts to scroll to view all data related to a particular report.
In this way, eliminating interaction is also part of the SumRe design.
One interaction pattern that was important to support is accessing
the underlying report text, which analysts sometimes need to fully
investigate the relevance of a particular report. With the Tabular
view, accessing the underlying text is accomplished by a link to
the report in one of the table entries. In SumRe, we provided sim-
ilar functionality by including ellipses (...) in various places that
brought up relevant portions of the underlying report, and enabled
analysts to view the entire report if needed. Other interactions such
as sorting and grouping may be useful in triage practice. However,
we did not include such interactions in this study design to facilitate
controlled comparison between SumRe and the Tabular layout.
5.1.5. Datasets

For our datasets, we used FDA Adverse Event Reports from 2014-
2019 [FA15]. As the study was within-subjects, we curated two
data sets, each containing a total of eight reports. This small set is a
representative of the FDA workflow in that, during our requirement
gathering sessions, we observed that an analyst would have reports
within a filtered set varying from as few as 3 to 10 or more in a
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No Tasks Description

T1 Triage Select triage action by identifying reports that are or are not indicative of investigation.
T2 Triage Identify reports that are the most worthy of investigation.

T3 Triage Identify reports with the most complete information.

T4  Getting the gist
T5 Getting the gist
T6  Getting the gist
T7 Exploration

Contrast report [X] and report [Y].

What happened to the patient after the serious outcome in the report with [X] search criteria?
What common pattern do you observe about [X] cues in reports with [Y] search criteria?

Explore the reports freely and report on your findings. Is there anything surprising or interesting?

Table 1: Task Questions and Description

single “unit” of work. Another consideration is fatigue, in that too
many reports may drive up study completion time. Based on pilot
studies with analysts, we found that a report takes ~2 minutes to
triage, and used this finding to inform the overall study length.

For both datasets, six reports were about one drug, ‘Ampyra’ and
‘Harvoni’, respectively, while two reports in each set were about
other drugs. This reflects the domain workflow, where analysts
may come across important reports not related to the drugs they are
responsible for, yet their identification is crucial. Thus, we added two
reports related to other drugs to evaluate the analysts’ capability of
“serendipitous” discovery following a similar task used in network
security analysis [TRYBO7].

To reflect the ratio of reports with incomplete to complete infor-
mation received by the FDA, half of the reports were chosen with
missing information, while the other half had complete informa-
tion. We consider a report complete if it contains more than 80%
of triage cues following [BNL14] guidelines, and others as incom-
plete. We selected one report as indicative of investigation in each of
these complete and incomplete subsets, verified by domain experts.
In practice, the ratio of complete to incomplete and important to
non-important is small, but for study purposes we kept it balanced.

For both SumRe and the Tabular baseline, we used structured
information from the reports such as drugs and reactions as well
as manually extracted missing data points from the text such as
dechallenge and rechallenge. The current workflow at the FDA
follows a similar manual practice, while ongoing machine learning
research efforts underway to automatically extract this information
[WQK™*17, WQK*20] can be utilized in future generation systems.
5.1.6. Procedure of the Study
After completing the consent form, participants were presented
with two video tutorials; one for demonstrating the study task and
other for the layouts, followed by a guided tour of both layouts.
Participants were allowed time to practice with each of the layouts.
They were given two mock tasks with multiple-choice questions to
ensure their understanding of the layouts and tasks. After accurate
completion of the mock task with as many attempts as possible,
participants started the study with the Triage task followed by a set
of overview and exploration questions. After completing the Triage
task twice each with one of the two layouts, participants were asked
to fill out a demographic questionnaire and qualitative survey to
provide feedback on both layouts as well as their preferred layout.
Thereafter, participants performed the Recall task. A help reference
for the concepts used in the study such as factors that make a report
“indicative” or “not" of investigation was provided in each layout.

5.1.7. Study Tasks
We designed the study tasks to be reflective of the triage tasks
performed by the analysts at the FDA. Although, SumRe is the
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visual representation of a single report, but practically set of reports
filtered for a particular drug or reaction are examined one by one
to assess if it requires further investigation. This is synonymous
to the webpage previews [AKG™10] such as Google search results
displayed as a set, while each preview represents a summary of an
individual webpage for the users to take a triage action of whether
they will open the page.

Triage Tasks The goal of the triage task was to assess the partici-
pants’ performance in discerning the gist of a given set of reports
to not only identify concerns but also grasping the content of the
reports with both layouts. Participants were asked to put themselves
into the role of a drug safety analyst who needs to analyze each
report and decide whether the report demands further investigation
by taking the respective triage action. Once the triage action was
captured for all reports (T1), participants were asked to complete the
tasks in Table. 1. The tasks T1-T3 were to assess their performance
in accurately taking a triage action, identifying safety issues, and
assessing reports quality, all crucial for incident reports triage.

As SumRe provides an overview of an incident report, we also
include low-level tasks (Table 1, T4-T6) involved in getting the
gist of a report to assess participant’s performance in searching,
understanding, and comparing reports information [HH11,BBB*18].
We ask participants to explore reports (T7) following low-level tasks
for overview visualization [HH11] to identify interesting patterns.

Recall Task. Recall is important in reports triage as analysts re-
view reports regularly for a screened issue and come across safety
issues that they may have seen earlier, which could vary from min-
utes, to days, to weeks. This could be helpful in escalating an issue
for investigation if they were to encounter it a second time. We
include a short-term retention task to assess the effectiveness of
SumRe and follow the tasks designed by Bateman et al. [BMG*10].
The study of longer retention could be a topic for future work.

Participants were not told about this task during the instructions
in the beginning of the study to prevent intentional learning. After
completing the tasks (Table. 1) for both layouts, participants filled
the demographic and qualitative survey to clear their visual and
linguistic memory before starting the recall task. For each layout,
we presented equally blurred summaries of two reports to the par-
ticipant, including some that were indicative and others they were
non-indicative of investigation from the triage task. The order of the
layouts and datasets followed the same order from the triage task
to ensure similar duration between recall and the triage task. For
each layout, participants were asked to recall and report as much
information about the two reports as possible.

5.1.8. Measurements
We collect both gualitative and quantitative measures throughout
the study. For each trial, we capture the start and end time, this
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T1: Selecting Triage Action a. Precision

SumRe 0% 25% 50% 75% 100% 0%
Table V = 3.5, p-value = 0.040, d=0.48~[-0.17,1.08]

b. Accuracy

V = 11, p-value = 0.049, d=0.27~[-0.37,0.88]

c. Time (minutes)

50% 75% 100% 0 5 10 15 20 25 30
V =130, p-value = 0.368, d=-0.31~[-0.84,0.36]

Figure 6: Triage task to select an action (Investigate or not) on each individual report. SumRe has significantly high precision, i.e., correct

selection of reports indicative of investigation.

a. T2 — Serendipitous Discovery (Avg Count - Total 2) b. T3 — Report Quality Detection Accuracy

| sumRe
Table 0.0 0.5 1.0 15 2.0 0%
V=17, p-value = 0.071, d=0.61~[-0.13,1.25]

V = 36, p-value = 0.095, d=-0.53~[-1.29,0.1]

c. T3 - Total Time (minutes)

50% 75% 100% 0 5 10 15 20 25 30
V = 79, p-value = 0.349, d=0.23~[-0.43,0.86]

Figure 7: (a). Average count of identified unrelated issues. (b,c). Overall accuracy and time for identifying if reports are complete. Although

insignificant, but the Tabular layout outperforms SumRe.

allows us to evaluate the average time spent on tasks for each condi-
tion. During the task, we measure time spent on triaging the reports
and answering the questions, submitting the answers, participants’
confidence in the submitted answer, and the perceived difficulty
of the task, all on a 7-point Likert scale. Through free-response
questions, we also collect qualitative answers and feedback for each
task which help us assess participants expressiveness and reasoning
about the report information. We also collect demographics and free-
response feedback on the overall summary and tasks design. Fol-
lowing [SES16], we also asked participants to select their preferred
layout for future tasks and provide a reason for their preference.
When calculating correctness, we use non-binary rules that map to a
0-1 scale, corresponding to key “parts” of an answer. For example,
we give 0.5 points for an answer that contains only the severity of
the reaction, if the task asked for identifying severity and count.
Additional details on the scoring method are in the supplement.

5.1.9. Pilots, Analysis, and Experiment Planning

We conducted several pilot studies to evaluate system usability, data
collection, tasks, measures, and clarity of our procedure. Due to
the limitations of null hypothesis significance testing, we base our
analysis on best practices for fair statistical communication in HCI
[Dral6] by reporting confidence intervals and effect sizes following
APA guidelines. We compute 95% bootstrapped confidence intervals
[Cum13] and effect sizes using Cohen’s d to indicate a standardized
difference between two means. For each task, we display in our
figures the accuracy and time results in the form of CI, along with
p-values from a paired Wilcox Signed-Rank Test.

5.1.10. Hypotheses

We developed a set of hypotheses to assess how the two summary
layouts would compare for different types of tasks. We present the
hypotheses below and later use them to discuss our results.

H1: Efficient Reports Triage. Analysts should be able to triage
reports quickly and accurately with SumRe due to the compact
layout and the visual encodings designed to highlight and differ-
entiate between different triage cues.

H2: Serendipitous Discovery. Analysts may identify unrelated
safety issues with SumRe due to the visual encodings to highlight
primary triage cues.

H3: Report Quality Assessment. Analysts will identify reports
with more missing information more accurately with SumRe due
to an explicit encoding of missing data.

H4: Accurate Gist Detection. Analysts will perform better in get-

ting the gist of the reports with SumRe due to the spatial alignment
of patient and incident related information in SumRe.

HS: Insight Generation. When freely exploring the reports, ana-
lysts will gain different types of insights due the different struc-
tures and emphasis of both summary designs.

H6: Better Information Recall. Analysts would be able to recall
more items with SumRe due to the memorable nature of glyphs
and visual cues.

H7: Triage User Experience. Overall analysts will report a posi-
tive experience when completing the tasks with SumRe.

5.2. Study Results

We report on the results of the study conducted with 20 participants

(in Prolific, an additional 14 started but returned the study before

completion). We group the results based on our hypotheses.

5.2.1. Reports Triage

Shown in Figure 6.b, participants had a relatively higher ac-

curacy in selecting the triage action (T1) with SumRe (M =

0.87 [0.72,0.93],d = 0.27][0.37,0.88]) as compared to the Tabular

layout (M = 0.81 [0.64,0.87]). Although, the practical effect size

is small when comparing groups overall, we note that the experi-
ment was within-subjects, so the differences found were based on
comparing within participants. In addition, qualitative analysis of
the triage action indicates that participants were able to correctly
identify the reports indicative of investigation, as verified with the
precision measure (Fig. 6.a), SumRe (M = 0.88 [0.74,0.94]), the

Tabular layout (M = 0.75 [0.59,0.86],d = 0.48 [—0.17,1.08]). For

the reports not indicative of investigation, the spread in mistakes

was similar with both layouts.

There was little difference in participants’ time spent
on taking the triage action (Fig. 6.c) with SumRe (M =
4.5 minutes [2.8,8.3],d = —0.31 [—0.84,0.36]) compared to the
baseline (M = 6.7 minutes [4.5,15.1]). Results did show that
the help page was accessed more frequently under table (M =
1.9 [0.9,2.9]) as compared to SumRe (M = 0.8 [0.3,1.3],d =
—0.6 [—1.18,0.03]). The help page contained information on triage
criteria and general guidelines for assessing the report’s importance
(primary triage cues, quality of information, etc.). This partially sup-
ports (H1). While triage with visual layout is not more efficient in
terms of time, it is comparatively accurate, particularly in identifying
reports that are indicative of investigation.

5.2.2. Serendipitous Discovery
Shown in the Figure 7a, participants identify a similar num-
ber of safety issues with SumRe (M = 0.7 [0.35,0.95].d =
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a. T4-T6: Getting the Gist — Accuracy

SumRe
0% 25% 50% 75% 100% 0 5

Table =265, p-value = 0.001, d=1.1~[0.39,1.86]

b. T4-T6: Getting the Gist— Time (minutes)

70
c. Recall Task

12 4 7 5 1

10 15 20 25 30
V =40, p-value =0.014, d=-0.43~[-1.03,0.22]

Participants Secondary Cues Primary Cues

Figure 8: (a,b) Overall accuracy and time for getting-the-gist tasks (T4-T6). SumRe significantly outperforms the Tabular layout in both
accuracy and speed. (c) Count of participants able to recall information along-with type of information recalled.

0.61 [—0.13,1.25]) as compared to the Tabular layout (M =
0.3 [0.05,0.57]). Serendipitous discovery is important in reports
triage to ensure safety issues are not missed, even if it is unrelated
to the drugs analysts are monitoring currently. Overall, with the
Tabular layout, 5 participants were able to identify unexpected is-
sues as opposed to SumRe with 11 participants. Qualitative analysis
indicates that participants were able to easily identify the primary
triage cues despite of missing information in these reports. On the
other hand, with the Tabular layout primary cues are not prominent
and hence participants mostly focused on the missing information
in these reports considering them as non-indicative of investigation.
Ultimately, the non-significant result means H2 is inconclusive.

5.2.3. Identification of Report Quality

For this task (T3), participants spent relatively more time on ques-
tions with SumRe (M = 4.02 [3.2,4.9]) as compared to the Tabular
layout ( M = 3.56 [2.79,4.48)]). Participants also had comparatively
better accuracy in identifying the report quality with the Tabular
layout (M = 0.79 [0.53,0.91]) than SumRe (M = 0.57 [0.35,0.74]).
Both of these differences are insignificant (Fig. 7b,c). Qualitative
analysis of selecting the wrong reports as complete indicates that in
SumRe participants were not able to accurately detect the missing
information for the patient related triage cues and the dechallenge
and rechallenge icons. This might be due to the variable shapes and
sizes of these cues making it difficult to assess which information
is present, as compared to the Tabular layout, where all triage cues
look similar and missing information is represented as an empty cell.
These results do not support the hypothesis (H3).

5.2.4. Getting the Gist of Reports

The overall accuracy and time for all three tasks (T4-T6) are shown
in (Fig. 8a,b). There was a significant difference in overall accuracy
between SumRe (M = 0.58 [0.48,0.68],d = 1.1[0.39,1.86]) and the
Tabular layout (M = 0.34 [0.25,0.43]). Participants also took less
time with SumRe (M = 5.6 [4.5,6.95],d = —0.43 [—1.03,0.22]) as
compared to the Tabular layout (M = 7.05 [5.8,8.7]). This supports
the hypothesis (H4) that visual cues help in quickly locating and
extracting information from reports. For the comparison task (T6),
there was no significant difference between the two layouts, that
is, SumRe (0.53 [0.44,0.68],d = 0.29 [—0.41,0.86]), and baseline
(M = 0.47 [0.38,0.55]).

5.2.5. Insight Generation

T7 instructed participants to freely explore the data and report on
any insights they derived from their exploration. To analyze these re-
sponses, we performed qualitative coding of the responses following
the guidelines provided in [SND04]. We consider one observation
about the data as an insight and do not count general comments
toward insights, such as, ‘hard to read information in this layout’.

For SumRe we received a total of 24 insights of which 21 were
distinct, while for the Tabular layout, 23 insights of which 15 were
distinct. We consider insights duplicate if two insights are discussing
the same facts, for instance, “I was shocked at the lack of useful
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information in some”, and “There is a lot of missing information”.
We categorized insights into a set of codes that were derived by an
initial open coding of the data.

Two types of insights were markedly more common in the SumRe
layout: Report-level, and Unexpected. We categorize an insight as
Unexpected if it has not been part of the answers in the previous
tasks and is an observation about the data, such as, “Two of the
patients had mental problems and they may have taken the drug
incorrectly”, and “I'm sure that there are other things to mention
but the one that immediately popped up was in R5, Cardiac Arrest
is described as non severe ADR? That’s odd! . In the first insight,
the participant is reasoning about patient’s capability of administer-
ing the drug correctly, while in the second, the reaction status of
cardiac arrest is being questioned. FDA does not consider cardiac
arrest a severe reaction due to its high background rate making the
assessment of its association with the drug difficult.

Report-level insights were observations about multiple triage
cues in a single or multiple reports. For instance, “The reports sub-
mitted by pharmacists are surprisingly undetailed, they lack further
information about the patient and nature of the ADRs which would
be helpful in the triage process. Being a pharmacist myself I thought
that the reports submitted by pharmacists would at least contain
more information about the patient’s concomitant medications”, and

“It was interesting that so many of the very long adverse reactions
reported had an implausible onset”. These insights are considering
multiple attributes, such as patient information and reporter in the
first example, and reactions and onsets in the second.

For the Tabular layout, the most common insights were catego-
rized as Attribute-Level and Guided. Attribute-level insights are
those that are focused on a single triage cue or attribute. For instance,
“5 reporters were other healthcare”, and “There appears to be more
men than women taking part”. The first example is focused on the
frequency of a certain reporter type (Other Healthcare), and the
second is about the gender.

On the other hand, Guided insights were those that have been
observed during completing the previous tasks. Such as, “Also the
information in some reports was not much and it did not help me...”,
and “The most plausible adverse reactions to Harvoni were seizure,
hypotension, and acute renal failure so pretty serious”. The first
insight is pointing towards the quality of information, one of the
questions from the Overview task. The second insight indicates the
severity of the reactions which was part of the triage criteria. A
possible explanation for having more attribute-level insights with
the Tabular layout could be that column data can be viewed and
compared easily in the Tabular layout due to visual proximity. On the
other hand, SumRe is designed to make all the report data accessible,
resulting in more Report-level insights with SumRe. Consequently,
we consider hypothesis HS that the interfaces would lead to different
insights to be supported.
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5.2.6. Information Retention (Recall)

For the recall task, 4 out of 20 participants were able to recall
information with the Tabular layout, resulting in a total of 6 triage
cues, including 1 primary and 5 secondary cues. With SumRe, 12
participants were able to recall a total of 77 triage cues consisting of
70 primary and 7 secondary cues (Fig. 8c). Responses were scored
based on specific answers. Because of the blurred images, the report
text was not readable. However, with SumRe, due to the redundant
encodings, that is, spatial alignment and use of other visual channels,
the icons for primary cues could be interpreted, resulting in a high
count of information retention (H6). The high recall due to redundant
encodings aligns with the findings from [BBK*15].

5.2.7. Preference and Qualitative Feedback

For participant’s preference we followed the task from [SSK16] and
after the completion of Triage task, asked participants to select their
preferred layout if they were to perform another triage task. 90%
of the participants preferred to use SumRe layout for Triage tasks,
considering it faster, easier, appealing, engaging, and enjoyable
(H7). This is also verified by significant differences in participant’s
overall perceived ease and confidence ratings for all the tasks (see
supplement). Some of comments by participants in the favor of
Visual layout included “The visual layout was more appealing to
use and I enjoyed the work more, it felt less like monotonous work
and more like a pattern recognition game almost. It was more user
friendly”, “The visual layout made it significantly easier and faster
to perform the tasks. Moreover, it was less straining for my eyes
compared to the table” . For the Tabular layout, participants’ remarks
included “For me Table was easy to use and see the ADRs”.

6. Discussion

Taken together, results from these design and evaluation efforts sug-
gest that SumRe outperforms the Tabular layout in “gist”-based rea-
soning as well as identifying reports that need investigation (based
on detail assessment). Both of these tasks are crucial for identifying
critical issues in drug safety. These findings may hold implications
more broadly for visualization efforts targeting triage workflows
and semi-structured text.

6.1. Triage Design Shapes Analysis, Exploration, and Insights
In our study, participants were more engaged and expressive in their
findings and feedback with the visual layout as compared to the
Tabular layout. For instance, participants left a total of 23 voluntary
comments (avg length 37.5 characters) with the Tabular layout, as
compared to 36 with visual (avg length 47.2 characters). We also
observed that participants are able to correct their triage actions later
in the study due to the visual feedback, that is, color for Investigate
and Do not Investigate actions (Fig. 1), while we did not see this
behavior with the Tabular layout. This was an expected outcome
of the design of our Analyses panel (DG3 - Section. 4), which we
did not evaluate exclusively. This could be useful in the real-world
scenario to re-assess one’s analyses and correct mistakes if needed.
We also noticed that the insights provided by participants while using
SumRe reflected reasoning about the data beyond the provided facts.
This behavior is reflected in prior studies on visualization systems
involving insight-based reasoning, e.g. Chang er al. [CZGR09].

6.2. Design Implications for Triage Workflows

In this work, we decomposed incident triage through task character-
ization, e.g. the development of triage cues and layout models that

drive the design of SumRe. By focusing on both the characteristics
of the data involved in triage, as well as the triage workflow itself,
these efforts could provide a useful baseline for investigating how
visualization might improve triage workflows in other domains. For
example, the design of symbols and icons to meet the dual goal
of compactness and attention management might be leveraged in
future designs.

One possibility is drug incident response beyond the US FDA.
We designed SumRe based on the Pharmacovigilance workflows at
the FDA, however, Pharmacovigilance systems are present in many
countries [JA10] who collect and analyze drug incident reports with
similar data elements and goals [BNL14]. Similarly, tables and
spreadsheets are generally used to display and analyze structured
data, particularly, those with many textual attributes such as the FAA
analyzes service difficulty reports about aircraft’s maintenance is-
sues [MR12]. Our proposed design is an initial step forward towards
introducing gist-based visualization for this common type of rich
data. Moreover, characterization of the triage task and design of a
controlled experiment can be adapted for triage workflows in other
domains dealing with incident reports.

Other possibilities focus on drug incident response itself. Sugges-
tions to improve the visual design involve the incident-panel with
the timeline which currently displays cumulative information about
the drugs and onset, to keep it as similar to the Tabular layout as
possible. However, more sophisticated designs to display multiple
onsets for multiple drugs while keeping the design compact are
possible. For instance, one approach could be adding interactions
and overlays with further quantitative information about drugs and
adverse events on top of SumRe.

6.3. A Need for Visualization Task-Characterizations for
Semi-Structured Text

One main challenge was to design the tasks for the report-level
triage due to lack of precedent to draw from. Our data was mostly
textual, however, there are a few in-depth evaluations of the proposed
approaches in the text visualization community [AL19] which do
not fit our single-report analysis. Due to lack of work on designing
and evaluating visualization for document-level triage, we adapted
tasks from many areas including cybersecurity [TRYBO7], digital
libraries [BBM*06, Loi12], overviews [HH11], and visualization
[BMG™10,SSK16] and aligned them with analysts’ workflow.

7. Conclusion

We present a task-characterization, design, and evaluation targeting
triage workflows with semi-structured text data in the drug incident
response domain. SumRe is a visualization-enabled “gist-based”
summary that transforms incident information into a compact vi-
sual form following a model of how analysts approach triage, and
drawing on visualization design principles to emphasize the cues
that analysts were found to refer to most when processing incidents.
To evaluate SumRe, we describe a crowdsourced study with medi-
cal experts that compares SumRe to a Tabular baseline, with tasks
targeting aspects of the triage workflow, assessing participants’ ex-
perience and performance. The results of these efforts suggest triage
workflows can be effectively augmented with visualization-enabled
designs, providing new means for analysts to quickly and efficiently
process the numerous reports they deal with on a daily basis.
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