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Abstract. In this paper we examine a two part information retrieval (IR)
problem presented in Task 1, of how to design a visual interactive system, to
foster better patient understanding of terminologies and vocabularies contained
in a discharge summary, and how that system can be used to additionally
support the patient’s information retrieval need stemming therefrom. To address
this problem set, we apply an IR process model, designed to support context
learning and knowledge discovery, based on explicit-implicit and exploration-
exploitation schemes. We instantiate the process using an IT artifact
(RetrivikaTM) designed to support the search of high volume, context oriented
IR collections. The artifact has been built to support the process model, and has
been previously validated by Hyman and Fridy in the IR domain of eDiscovery

[1].
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1 Introduction

We initialize the problem space with the operational definition of Information Re-
trieval (IR) as the process of determining the presence or absence of relevant docu-
ments that satisfy an information need [2]. The problem space is motivated by the
increased reliance upon digital documentation to record everyday information such as
business transactions, agreements, medical records, and other information stored elec-
tronically. This increased reliance has led to large volume collections from which
relevant documents must be extracted. In this research we are focused upon medical
discharge summaries and amplification of patient knowledge and understanding.

Prior research has found that IR domains which are highly context and content de-
pendent can lead to under inclusion of relevant documents and over inclusion of non-
relevant documents, resulting in poor performance when using automated methods
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alone [3], [4]. We define the problem set in Task 1 as a context and content dependent
IR scenario.

2 Approach

We begin our approach by classifying the problem set into two distinct needs:
knowledge and explanatory. We describe the first problem of how to improve patient
understanding of the discharge summary as a knowledge need. We define a
knowledge need as a situation whereby a user possesses information that is required
to be better understood. We model this first part as an explicit-implicit knowledge
problem.

Explicit knowledge represents information that is common knowledge or readily
accessible to the layman. It is easily codified in written form and can be found in
manuals, documents, and various web media outlets (links, pages, etc.). Implicit
knowledge, on the other hand, represents information that is not commonly known. Its
meaning is often based upon specialized knowledge of a narrowly focused community
of experts in the area. This type of knowledge is sometimes called tacit knowledge
[5]. Examples of terminologies that are implicit in their nature are local vocabularies,
jargon and slang expressions, unique to the specific domain of operation [1]. Quite
often implicit knowledge is acquired through specialized training and experience
within the specified domain.

We categorize the terminologies in the discharge summary as implicit, insofar as
their usage is operationalized as common parlance of the experts (doctors, nurses and
health professionals) and thereby outside the knowledge base of the layman patient.
The system objective here is to convert the implicit to the explicit, to achieve the stat-
ed goal of better patient understanding. In this case, expanding the medical terminol-
ogies from the discharge summary is accomplished through the use of a codified (ex-
plicit) knowledge base: UMLS and SNOMED-CT.

The methodology used for converting the implicit to the explicit is the IR Process
Model first proposed by Hyman et al., and the Retrivika™ IT artifact [6], [7]. The
model is implemented using a human-computer interface, to facilitate the translation
of implicit knowledge recorded in the discharge summary to explicit knowledge for
the purpose of fostering better patient understanding.

We describe the second problem of how to support a patient’s information retriev-
al need as explanatory in nature. We define an explanatory need as a situation where-
by a user (in this case a patient) desires to amplify information about a specific topic
(in this case a condition contained in a discharge summary). We model this second
part as an exploration-exploitation problem described in the Foundation section of this

paper.

3 Foundation

Exploration is an underlying construct representing the human search behavior [8],
[9]; it is operationalized in electronic search as browsing. The concept of exploration
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has been associated with learning [10], [11], familiarization [12], and information
search [13]. In fact, work done by Berlyne in the 1960s classifies exploration as a
“fundamental human activity” [14].

Exploration that is goal directed is classified as extrinsic [15]. Extrinsic explora-
tion typically has a specific task purpose, whereas intrinsic exploration is motivated
by learning [15], [14].

The exploration-exploitation dilemma describes the decision to focus attention and
commit resources to the current selection versus abandoning it in favor of searching
for a new selection; hopefully bettering one’s position, but unknown until explored
[71.

Browsing as an information seeking process has been established as a method
when the information need is ill-defined [16], [17]. Browsing has been described as a
fundamental information seeking function [16], [17], [18], [19].

Holschler and Strube, examined the types of knowledge and strategies involved in
web-based information seeking [8]. They found that users with higher levels of
knowledge were more flexible in their approaches and were better able to tackle
search problems than those who were less knowledgeable. They characterize the in-
formation space as “diverse and often poorly organized content.”

The IR process model and artifact discussed in this paper seek to organize the in-
formation need stemming from the discharge summary around the subject matter
contain therein. Holschler and Strube’s finding that experts can outperform less expe-
rienced users is a fundamental assumption for evaluating whether knowledge acquired
by exploration can improve a user’s ability to tackle the search problem of infor-
mation amplification. We specifically address this issue in the process model section
of the paper.

4 Assumptions

There are several assumptions defined in this case. The first assumption is that the
information presented should contain some form of hierarchical clustering method for
categorization and sorting of the relevant documents extracted from a large corpus,
but not so much that it confuses the layman, who may not be exposed to common
clustering and sorting methods such as trees and visualization clusters.

The second assumption is that each document may contain text, images and links
that need to be displayed in some rank order method.

The third assumption is that the system should contain a visual interactive display
component that allows a user to navigate freely and easily among levels of the hierar-
chical document clusters.

The fourth assumption is that the user (in this case a patient) has a point of focus
from which their information need stems. For example, a discharge summary may
contain a diagnosis described using complex implicit terms that the patient wishes to
translate to explicit. It is the underlying assumption of a focused starting point that
drives the process as described in the next section.

64



The fifth assumption is that the user (once again, the patient) will follow an explo-
ration-exploitation methodology (as described in the Foundation section) to achieve
their goal of better understanding by leveraging external information sources (web
sites and links).

Not all assumptions are addressed in this paper. Some are too complex to handle
up front and will be addressed in later versions of the artifact.

5 Process Model

We apply an IR process model designed to support user learning and knowledge dis-
covery to achieve an improved visual display to highlight implicit concepts, assist in
the explanation of context and support the exploration of medications, conditions and
health related topics for possible interactions with everyday items.

The model was originally built upon the IR constructs of uncertainty, context and
relevance to support user driven learning, by leveraging explicit knowledge to discov-
er implicit knowledge from a large corpus of documents. In this case, we reverse the
model by converting the implicit knowledge contained in the discharge summaries to
explicit knowledge, by leveraging the internal, bounded collections of UMLS,
SNOMED-CT and external scale free search (web page contents from provided
URLs). We instantiate the adapted process model to support the exploration-
exploitation system application.

Explicit Knowledge
(Mental Model of Context)

Exploration _ Refactoring ‘
“Snapshot” ‘ Superficial Exploitation ’ Implicit
(Instance of Mental (Scanning Behavior) Knowledge
Model Applied to Discovery
Context) ‘
Deeper Exploitation
(Skimming Behavior)

Committed Exploitation
(Scrutinizing Behavior)

4

IR Result Product
(Iteration)

L L L

Fig. 1. IR Context Learning Process Model (Hyman et al.)
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The IR Process model originally proposed by Hyman et al., describes how a user’s
mental model of relevance (information sought) can be matched against candidate
documents, by applying an iterative and cyclic method of the three levels of exploita-
tion found in search behavior [6]. The iterative process is designed to leverage known,
explicit knowledge to discover implicit knowledge found in a bounded information
collection.

We have adapted the process to support two activities in this case. The first is to
take known, implicit terminologies and compare them against internal lexicons and
taxonomies (SNOMED and UMLS) to translate the terms to the explicit. The second
is to support user exploration of external information through the use of the
Snapshot™ artifact to translate the user’s mental model of relevance (in this case a
useful document that is informative on the subject), and produce suggested document
matches. This is explained in the next section.

6  Original Snapshot™ Method

We have developed a presentation method we call Snapshot™. The method was first
proposed by Hyman and Fridy during their development of the commercial artifact
Retrivika™. The Snapshot™ presentation makes use of a document list and reading
pane, with the user’s search structure displayed above. The documents can be clus-
tered by topic or arranged in a hierarchical display. The user scans the document list
for the most likely relevant titles. Once a title is selected by the user, he/she may skim
the document using a reading pane. The user may become further committed and
scrutinize the document, by selecting on search terms presented in the top portion of
the screen. The selected search terms are highlighted within the displayed document.
Our design emphasizes use of different colors to communicate categories of infor-
mation across the several window pane displays. The Snapshot™ presentation method
illustrated in Figure 2, shows how the query terms, hierarchical listing of documents,
and highlighted selections are presented across the several window panes displayed in
the presentation screen. Our system design seeks to balance the multiple levels of
information amplification with an integrated means for user consumption.

We will now describe the Snapshot™ appearing in Figure 2; it is designed to bring
together several dimensions of exploratory search methodologies in one screen. The
reader will note that there are two landscape text boxes at the top of the screen dis-
play. These text boxes represent the user’s current search structure. The search struc-
ture is bifurcated into inclusive search terms (indicated with green underline) and
exclusive search terms (indicated with red underline). Our prior research has found
that the use of exclusive terms is positively correlated with fewer false positives (in-
creased precision in the search result).

The main body of the screen contains two panels. The left panel displays a list of
the returned documents by their titles. The right panel displays the document selected
from the list. We have enabled a find function so that the user may click on a term in
the search structure from above and the term will be highlighted within the selected
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document. Our research has found that the use of this find function supports the deep-
er, scrutinizing behavior described earlier in the paper.

An additional element in the Snapshot™ that has not been carried over to the adap-
tation here is the relevancy radio buttons. In our eDiscovery implementation, we lev-
eraged relevancy feedback to refactor our results presented in the next iterated
Snapshot™.

Here is how the system works. Prior research has shown that, when a user finds
multiple documents he or she will tend to switch back and forth, between items; this
activity can be supported via an iterative approach to information seeking [17].

Our previous experiments have found that three levels of search described in the
literature as exploratory, window, and evolved [20], [9], can be modeled as search
behaviors representing scanning, skimming and scrutinizing [6]. Our model further
defines these behaviors as: Superficial, Deeper and Committed. The model harmoniz-
es both top-down and bottom-up approaches [21], to provide support for the three
levels of search by implementing a multi-tiered and iterative, cyclic method.
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Fig. 2. Original Snapshot™ Method Using Data from the Enron Collection

The Retrivika™ artifact which instantiates the model is based on a method of
learning [13], [22], adapted from Active Learning [23], using relevance feedback
[24], balancing exploration-exploitation in an iterative cycle. We adapted the learning
method for the Snapshot™ approach by shifting the focus of the learner. The tradi-
tional active learning technique is based on machine learning -- the system “learns”
the patterns and improves performance. In this case, it is the user who is learning; the
system simply supports the process.



7 Discussion of Initial Designs

In this section we will take the reader through the development of our approach. We
began with several guiding principles for user interface (U/I) design [25], to imple-
ment our system display scheme for presentation of information in this case. They are
as follows: (1) Functions visible only when the user needs them, (2) Reduced need for
horizontal scrolling, (3) Effective use of ‘gutter space,” (4) Information to screen ra-
tio, and (5) Minimum clicks. Our initial prototype design screens are depicted in Fig-
ures 3 through 8 in this section, along with the narrative descriptions of how we im-
plemented the guiding principles.

To implement this presentation, we wrote a simple program application to load the
Clef Task 1 data set into a SQL database. This allowed us to manipulate the rendering
of the discharge documents, to include a highlighting feature to support scanning
behavior, to assist in the presentation of the embedded medical terminologies within
the discharge summaries. We began with a simple and clean window to display the
discharge summary with a search box at the top of the screen. This is depicted in Fig-
ure 3 below.
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Fig. 3. Initial Rendering of Discharge Summary, Terminology Highlighting and Search Box

Next, we included a hover method to implement a call out feature to provide am-
plifying information for the selected medical terminology. In the example depicted in
Figure 4, we are focusing on the condition of chronic alcohol-induced pancreatitis.
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Fig. 4. Discharge Summary with Added Mouse Hover Feature

Next, we expanded the mouse hover feature to include the display of external in-
formation links to support the patient’s knowledge acquisition (amplification) need.

This added feature is displayed in Figure 5.
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A close up rendering of the mouse hover feature with the incorporation of the ex-

ternal links is depicted in Figure 6.
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Fig. 6. Close up View of Mouse Hover Feature with Additional of External Links

We also experimented with a collapsing window feature to accommodate all in-
formation activities on one screen and thereby avoid the need for the user to switch
between multiple windows or screens. When the user submits a search request, the
display screen reduced the space of the discharge summary display in the window to
accommodate simultaneous viewing of the discharge document alongside a window
pane containing the clustered, hierarchical list of URLs comprised of potentially am-
plifying information sources for the user to further select. This is depicted in Figure 7.
At this point in our research, we have not yet been able to tackle a ranking method for
the list. We will continue to work on that aspect in our next set of experimental

designs.
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Fig. 7. Display of Discharge Summary, External Search Results, Collapsing Window Effect
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Next, we experimented with how to implement the collapsing window feature to
support three window panes to display the discharge summary, hierarchical list of
documents and the amplified information for a user selected terminology. This is
depicted in Figure 8.

Our choice of design in this instance seeks to minimize the need for horizontal
scrolling. We implement a single screen display designed to support the user’s ability
to shift between exploration and exploitation, and back again, without having to navi-
gate to a different screen or negotiate multiple windows. We have found that this
reduces the number of clicks needed to acquire information and also provides a bal-
anced ratio of information to screen proportional space.
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Fig. 8. Display of Three Information Sources using Collapsing Window Approach

We continued to develop the single screen design in Figure 9. This depiction is an
illustration of the coordinated information amplification display utilizing the three
window pane feature. The left side pane displays the original discharge summary with
the highlighted medical term. The upper right pane displays the URL page links in
ranked order of significance (ranking method not implemented in this paper). The
lower right pane presents the amplifying information for the user (patient) highlighted
medical term.
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Fig. 9. Display of Discharge Summary, URL Links, Content from User Selected URL Source

8  Adaptation of IR Snapshot™ Method to eHealth

This section will describe our adaptation of the IR Process Model and Snapshot™
to the CLEF Task 1 problem sets A and B, and present exemplars depicted over sev-
eral figures with accompanying narratives.

Our first adaptation was how we displayed the search structure feature itself. This
modification is depicted in Figure 10. The feature was originally developed for semi-
expert search of a bounded corpus, where terminologies were not standardized vocab-
ularies. The patient information need in this case is based on standardized vocabular-
ies (medical terminologies from the discharge summary), and the search is bifurcated
into internal and external corpora. The internal corpus (SNOMED or UMLS) is
bounded, but the external corpus may be scale free (web pages and links).

To address this difference in search structure application, we modified the feature
to account for the bifurcated nature of the internal versus the external orientation of
the information need by implementing two new functions: Search Results and Terms.
In Figure 10, the reader will note the two tabs named Search Results and Terms, lo-
cated on the right side of the display screen. The Search Results function displays
external content to support the patient’s information goal of amplification through
knowledge acquisition. The Terms function supports the patient’s knowledge expla-
nation goal using content from the internal, bounded corpora such as SNOMED and
UMLS.
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Fig. 10. Modified Snapshot Feature Supports Discharge Summary and Terminology Search

Our second adaptation was the need to account for the information result being ef-
fected by the individual attributes of the patient. To account for this, we maintained
the inclusive search box feature at the top of the screen and added a feature for the
patient to concatenate to the search structure, their individual demographics contained
within the discharge summary document. We include a Plus icon, to allow the patient
to toggle between including individual attributes and ignoring the attributes.

\ % | Search

9 Include Demographics - Age, Gender, Weight, etc

Fig. 11. Modified Search Box to Include “Plus” Icon/Toggle Feature for Demographics
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Our next adaptation was the use of tab functions for the Search Results information
and the Terms information. This was based upon our initial experiments and feedback
from reviewers. We continued to adapt the Snapshot™ method to the discharge sum-
mary documents in this problem set. We next discuss the evolution of our approach.

As we ran through our simulations we continued to modify our collapsing screen
approach. Figure 12 and Figure 13 depict the modified Snapshot™ method imple-
menting the collapsing window approach to display the internal and the external in-
formation sources implemented, using the tab functions Search Results and Terms.
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Abdominal Pain - Lorem ipsum dolor sit amet, ei dicunt laboramus disputando qui,
autem malorum percipit vix at, ut nam nis| mundi nullam. Eu repudiandae

conclusi pro, salutandi ac ea nam, no mei volumus omnesque
oporteat. Choro volumus dissentiet an vim, scaevola oportere elaboraret vel eu. Vel
an atqui consectetuer, id vis vocibus lobortis repudiandae.

Jaundice - Et habeo simul volutpat nec, mei ut quod tale eius. Ad cum veri
molestiae temporibus, eum In accusata eleifend, vel ut assum nominati temporibus.
Eu vidit malorum admodum usu, cibo falli repudiandae id duo. Nam in officiis
definitionem, usu eu mandamus percipitur. Insolens corrumpit ne sit. Iracundia
quaerendum reprehendunt est el, sit commune menandri moderatius et, vix an
malis mundi.

Nausea/ Vomiting - Pri ea mazim timeam feugalt, civibus molestie eu eam.
Blandit tractatos petentium nec at, delenit senserit at pri. Quis omnis nam ea. Ad
pro congue mnesarchum persequerls, et numquam democritum mea, et vim
Iegendas petentium theophrastus. Dicant apeirian cum at, senserit liberavisse ea
eum. Et facer essent lobortis vel

Chronic Alcohol Induced Pancreatitis - Lorem imperdiet mea in. Stet forensibus
rationibus has ea, vix dictas melius no. Maderatius appellantur instructior cum cu,
ad eum probo ancillae consulatu. Has ex atqui paulo denique, usu cibo mnesarchum
ut, id minim feugiat eos. Eu modus invidunt qualisque vel, persecuti elaboraret
liberavisse vel ei, iudico aeterno molestie eu has.

Small Bowel Resection - Brute idque vulputate usu eu, et sea ipsum verterem, Cu
everti molestie praesent nam, ne mea nulla necessitatibus, sea malorum appetere
suavitate et. Quo ex reque intellegam signiferumque, ea est dictas nonumes
voluptaria. Cum feugait adipiscing reformidans ea, duo id tota quodsi verear.
Dissentiunt contentiones ei nec, quo ex omnium gubergren adversarium, mandamus
accommodare his ad.

J-tube Placement - Ex cum legendos conseguuntur, vix vide fabulas id, probo
harum melius ad eam. Timeam ancillae mel eu. Nostrud moderatius pro et, mel eu
laudem timeam principes, simul tantas tibique nec et. Vel veniam tantas
democritum te, vim ut oblique dolores. Eu sea mundi disputando, pri ludus oporteat
interpretaris at. Liber impetus vel e, his ne iusto possit sanctus. Pri at alii dico
omnes

Roux-en-¥ Cholecysto-jejunostomy - Magna putant dignissim te mea, sea wisi

__ qgraeco ne, reque vivendum ex nec. Cum soluta cotidieque in. Omnis meliore

Fig. 12. Snapshot™ Method Adapted for eHealth with Collapsing Window for Terms
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Fig. 13. Snapshot™ Method Adapted for eHealth with Collapsing Window for Search Results

Figure 14 and Figure 15 depict the presentation of the Search Results information
and the Terms information in their current, modified form. The reader will note that
we continue to employ a collapsing window approach to allow the user to remain on
one screen and inside a single window, and we have added the tab functions to facili-
tate the effect.

We believe this supports a more ergonomic method for the patient to keep track of
the three forms of information being explored and presented: discharge summary,
external search acquisition (amplification) information, internal search explanation
information.
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Fig. 14. Expansion of Terms Tab, Collapsing Window to Shrink Discharge Summary
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PANCREATITIS OVERVIEW

The pancreas is an organ in the abdomen (figure 1). It is for juices and certain hormones, including insulin,
which is responsible for regulating your blood sugar.

Chronic pancreatitis occurs when the pa by changes the pancreas’
ability to function normally. People with chronic pancreatitis require ongoing medical care to minimize their symptoms, siow the damage to

rder]
orde, the pancreas, and address any complications that arise. In most cases, treatment controis but does not cure the underlying problem.

1. we

usses chronic pancreatitis. Acute (sudden onset) is (See "Patiant information: Acute
(Beyond the Basics)".)

Swia]

PANCREATITIS CAUSES

Some of the most common causes of chronic pancreatitis include:

= Aicohol abuse (the most common cause)

Fig. 15. Expansion of Search Results Tab, Collapsing Window to Shrink Discharge Summary

9 Results

Our goal in this paper was to design and test a methodology for a framework to im-
prove patient understanding of the contents of a discharge summary. We divided the
goal into two objectives: increasing patient understanding and expanding patient
knowledge.

We wanted to expand a patient’s knowledge base without losing fidelity in the in-
formation retrieved. To accomplish this, we studied how users of the system (patients)
might formulate their information need. We found that, in general, a patient will re-
view their discharge document, and when they had come across a term they did not
understand, the immediate response was to seek out an explanation. This was
achieved through the use of the mouse hover as a presentation technique for the
UMLS/SNOMED definitions. If a patient needed more information, they would
choose to select on one of the links presented as an associated external source for the
term.

Our original studies implementing the Snapshot™ for Legal-IR produced signifi-
cant results supporting improved document retrieval in bounded collections. In this
adaption of the model for Medical-IR, our limited testing conducted thus far has pro-
duced encouraging results. We believe further development of this approach may
continue to improve patient understanding of information contained in discharge
summaries by supporting the patient in conducting external information search to
amplify knowledge of a term beyond the explicit definition supplied by internal refer-
ence corpora, and thereby explain conditions and medical concepts using external
information sources. This two pronged approach addresses the content within the
discharge summary and the context of the implicit (tacit) medical terminology requir-
ing explanation AND amplification.
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10 Considerations

Our initial results in this study have led us to some further considerations. First, we
found that the more we personalized the search feature, the system began to over fit
the patient’s attributes during the acquisition on external information sources. To
address this we measured the retrieval results using the context and attributes from the
discharge summary and the retrieval results without using the context and attributes.
This allowed us to isolate the patient’s ability to decouple the discharge specific con-
tent for the external search query. We are still analyzing the data returned, and plan to
further study this phenomenon.

The second consideration we found was that future applications of this model need
to account for a vetting process for the external links. In this case we used the refer-
ences common to the CLEF task. To make this system model more generalizable we
plan to work on a vetting method to assure reliability of the external information
sources.

Another consideration had to do with the callout feature itself. We found in this
study that pulling the relevant medical terms from the discharge summary upon open-
ing, was the most effective means of indexing against the internal corpora (SNOMED
and UMLS).

11 Conclusion

This paper reports on an IR Process Model and an approach called Snapshot™ which
have been adapted from Legal-IR and modified for Medical-IR, to address the CLEF
eHealth Evaluation Lab 2014, Task 1, A & B. We introduced the IR process model
and Snapshot™ artifact previously implemented in the domain of eDiscovery, and
have applied it to the Task 1 problem stated and the data set provided. We welcome
feedback and suggestions for how we can improve our approach and methods, and are
interested in collaborating with other researchers to continue to address ways to im-
prove patient understanding. Correspondence is best done through the email addresses
listed at the beginning of this paper.
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