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Abstract

Background: Many health care systems now allow patients to access their electronic health record (EHR) notes online through
patient portals. Medical jargon in EHR notes can confuse patients, which may interfere with potential benefits of patient access
to EHR notes.

Objective: Theaim of this study was to develop and eval uate the usability and content quality of NoteAid, a Web-based natural
language processing system that links medical termsin EHR notesto lay definitions, that is, definitions easily understood by lay
people.

Methods: NoteAid incorporates two core components: CoDeMed, a lexical resource of lay definitions for medical terms, and
MedLink, a computational unit that links medical terms to lay definitions. We developed innovative computational methods,
including an adapted distant supervision algorithm to prioritize medical termsimportant for EHR comprehension to facilitate the
effort of building CoDeMed. Ten physician domain experts evaluated the user interface and content quality of NoteAid. The
evaluation protocol included a cognitive walkthrough session and a postsession questionnaire. Physician feedback sessions were
audio-recorded. We used standard content analysis methods to analyze qualitative data from these sessions.

Results: Physician feedback was mixed. Positive feedback on NoteAid included (1) Easy to use, (2) Good visua display, (3)
Satisfactory system speed, and (4) Adequate lay definitions. Opportunities for improvement arising from evaluation sessions and
feedback included (1) improving the display of definitions for partially matched terms, (2) including more medical terms in
CoDeMed, (3) improving the handling of terms whose definitions vary depending on different contexts, and (4) standardizing
the scope of definitions for medicines. On the basis of these results, we have improved NoteAid’'s user interface and a number
of definitions, and added 4502 more definitionsin CoDeMed.
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Conclusions:

Chenet a

Physician evaluation yielded useful feedback for content validation and refinement of this innovative tool that

has the potential to improve patient EHR comprehension and experience using patient portals. Future ongoing work will develop
algorithms to handle ambiguous medical terms and test and evaluate NoteAid with patients.

(J Med Internet Res 2018;20(1):€26) doi: 10.2196/jmir.8669
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Introduction

Background and Significance

Enhancing patient access to their clinica data is a central
component of patient-centered care[1,2]. In anationwide effort
to reach thisgoal [3,4], online patient portals have been widely
adopted in the United States to allow patients to interact with
their persona health care information, including medication
lists and laboratory test results from electronic health records
(EHRS) [5]. Initiatives such as OpenNotes[6] and the Veterans
Health Administration’s (VHA'S) Blue Button [7] aso alow
patients to access their full EHR notes through patient portals,
with early evidence showing improved medical comprehension,
health care management, and outcomes [8-11].

However, EHR notes are written for documentation and
communication between health care providers[12] and contain
abundant medical jargon that can confuse patients [13-18]. In
addition, an estimated 36% of adult Americans have limited
health literacy [19]. Limited health literacy has been identified
as one major barrier to patients' effective use of their EHRs
[5,20-22]. Misinterpretation of EHR content may result in
patient confusion about their medical conditions and treatment
[23], which could potentially impact service utilization, patient
satisfaction, or patients’ own self-management [24].

There has been long-standing research in promoting health
literacy [25], including the development of online health
education resources, for example. However, these methods do
not target clinical notes in an EHR. In addition, health
information available on the I nternet, although abundant, comes
from different resources with varied quality and credibility,
which poses great challengesto patientsin information seeking
and selection [26,27]. The readability levels of hedth
information on the Internet are al so often greater than that easily
understood by average patients [26,28,29].

A few studies of natural language processing (NLP) systems
that translate medical terms to lay terms [30,31] or link them
to definitionsin controlled vocabul aries[32] do show improved
patient comprehension [30-32]. These NLP-enabled systems
have the merits that they provide patients direct help for EHR
comprehension by bundling related health information with
individual EHR notes. Despite promising results, these methods
have some limitations. First, many medical jargon terms do not
have associated lay terms (eg, neurocytoma and
lymphangiomatosis). Second, the definitions of medical terms
in controlled vocabularies often contain complex concepts that
are not self-explanatory. For example, the medical term Gl is

http://www.jmir.org/2018/1/e26/

defined in the controlled vocabulary of National Cancer Ingtitute
as"A subject domain utilized for the submission of information
encompassing and representing data, vocabulary or records
related to gastrointestinal system findings,” where the concept
gastrointestinal may not be familiar to average patients.

Objective

To address these limitations, we are developing NoteAid, an
NLP system that links medical terms in EHR notes to lay
definitions targeted at or below the average adult literacy level
to support patient EHR comprehension. NoteAid has the
potential to be used by veterans supported by VHA, especially
the over 2.6 million registered users of Veterans Affairs's
(VA's) patient portal myHealtheVet [7]. For example, it could
beintegrated into myHealtheVet as an online tool to help users
to understand their clinical notes. Because the challenge in
understanding medical terms is not unique to VA patients,
NoteAidisalso potentially useful for other patient populations.
Using a flexible Web-based framework, it can be easily
incorporated into patient portals of different health care systems.

In this study, we introduce the main framework of NoteAid and
the innovative computational methods we developed to extend
itslexical resource and functionality. In addition, as part of the
system devel opment procedure, we devel oped anew evaluation
protocol that combines usability testing and quality assessment
of lay definitionsincorporated into NoteAid by domain experts.

Methods

Study Overview

Thisstudy presentsthe NoteAid system and itsinitial evaluation
by physicians. Physicians played the dual role of user and
content expert in this usability assessment. Below, we first
describe the components and function of NoteAid and then
summarize our evaluation protocol.

The NoteAid System

System Overview

NoteAid isaWeb application we developed using Java servlets
and JavaScript. Figure 1 shows the NLP components and
workflow of NoteAid. NoteAid first identifies medical concepts
(step 1) and then linksthem to lay definitions (step 2). NoteAid
builds on two core units: CoDeMed, a lexical resource of lay
definitions of medical termsand MedLink, acomputational unit
that links medical terms to lay definitions. We describe
CoDeMed and MedLink in the following two sections by
focusing on the computational aspects.
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Figure 1. Overview of NoteAid. EHR: electronic health record.

CoDeMed

We are developing CoDeMed using both human efforts and
automatic methods. By November 2016 when we started this
study, CoDeMed contained lay definitions for 7313 medical
terms. For example, Activase and bacteremia were defined as
“A drug used to break up blood clots. It is given to patients that
have had astroke or heart attack” and “ The presence of bacteria,
a type of germ, in the blood,” respectively. In addition,
CoDeMed included lay language drug class definitionsfor 8224
medicationsthat did not have term-level lay definitionsyet. For
example, Hecoria and Neoral were mapped to the drug class
calcineurin inhibitors, which was defined as “A drug used to
reduce immune response.”

http://www.jmir.org/2018/1/e26/
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For quality assurance, all definitionsin CoDeMed were collected
from authorized online health education resources (eg, glossaries
of Nationa Institute of Health and National Cancer Institute)
and simplified and reviewed by domain experts, which included
MDs. Because this process is time-consuming, we devel oped
an adapted distant supervision (ADS) system to automatically
identify important medical termsfrom EHR corporato prioritize
the annotation efforts on these terms [33].

We defined important terms as those terms that, if understood
by patients, would significantly improve their EHR
comprehension. In practice, we used four criteriato judge term
importance (detailsin Multimedia Appendix 1).
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Instead of using standard supervised learning, we used distant
supervision to save manual annotation efforts. Specifically, we
used distant supervision from consumer health vocabulary
(CHV) [34] by assuming that medical termsimportant for patient
EHR comprehension must represent medical concepts used by
patients. Here, we used the broad sense of “patient” to refer to
all the health consumers. CHV contains consumer health terms
(which were used by lay people to query online health
information) and mapsthesetermsto Unified Medical Language
System (UMLS) concepts. Asaresult, it containsboth lay terms
and medical terms and links between these two types of terms.
Our ADS system used medical termsexisting in both CHV and
an EHR corpus from the University of Pittsburgh NLP
Repository [35] (called EHR-Pittsburgh corpusfor convenience)
as positive examples and used other candidate terms extracted
from this EHR corpus as negative examples to train a
classification model. For example, the terms amyloid,
hypercholesterolemia, laminotomy, and pulmonary collapse
were among the positive examples, and the candidate terms
admission blood pressure, continued pain, fainting, and lumbar
were among the negative examples. Training data created in
thisway had noise. For example, important medical terms that
do not exist in CHV (eg, lumbar) were labeled wrongly as
negative examples. To aleviate this problem, our system used
transfer learning and a small amount of manually annotated
training examplesto adapt the classification model to the target
domain to identify medical termsthat are important for patient
EHR comprehension. We empirically show the effectiveness
of ADS by using a gold standard dataset of 6038 EHR terms
annotated by domain experts[33]. For each candidate term, the
ADS system output its probability of being an important term.
We used these probability values to rank candidate terms. The
top-ranked terms such as lipodystrophy, myelodysplasia, and
Parkinsonism from the EHR-Pittsburgh corpus have been
incorporated into CoDeMed.

To improve CoDeMed's coverage, we developed an
unsupervised method to mine medical synonymsfrom Wikipedia
[36]. Specifically, we used the interwiki links in pages on the
WikipediaHealth tree to extract candidate synonymsfor medical
terms. For example, avian influenza and bird flu are linked to
the term avian flu through the interwiki links, which are both
good synonyms of this term; 15 terms are linked to blood
pressure, which include the synonym (BP), the hyponyms (eg,
systemic blood pressure and diastolic blood pressure), and other
related terms (eg, blood pressure measurement and low blood
pressure). We then ranked these candidates by using word
embedding and pseudo-relevance feedback. Word embeddings
are distributed representations of words (which typically are
high-dimensional real-valued vectors) learned from large
unlabel ed text data. Words sharing similar semantics and context
are expected to be close in their word vector space [37].
Pseudo-relevance feedback [38] is a method widely used in
information retrieval to obtain a better representation of atarget
concept by using the retrieved results as pseudo-relevance
feedback (as opposed to relevance feedback from human
annotators). In our case, the target concept is a medical term
for which we sought synonyms. We first used other strategies
(eg, cosine similarities between the target term and its candidate
synonyms) to rank the candidates. We then used the top-ranked
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Chenet a

candidates to represent the target term and reranked the
candidates. We evaluated our methods on 1507 synonyms and
nonsynonyms manually judged for 256 medical terms[36]. This
method has been used to enrich the candidate synonym set for
CoDeMed.

MedLink

We developed MedLink to retrieve lay definitions from
CoDeMed for medical terms in EHR notes. MedLink utilizes
MetaMap [39] to identify medical terms and implements a
linking function to retrieve their definitions from CoDeMed.

MetaMap is a widely used lexical tool developed by National
Library of Medicine that automatically maps medical text to
medical concepts in the UMLS Metathesaurus [39]. For
example, both Cushing's syndrome and Cushing disease are
mapped by MetaM ap to the UML S concept Cushing Syndrome.

We have developed two strategies to improve MedLink’'s
definition linking function. The first strategy is a four-stage
dictionary lookup procedure that uses synonym finding and
partia string matching to improve coverage of medical terms.
For each term identified by MetaMap, MedLink first searches
CoDeMed for this term by exact match. If the search fails,
MedLink searchesfor theterm’s UMLS preferred name, which
is identified by MetaMap. A search failure leads to the third
stage, where MedLink shortens the term by removing wordsin
alist (Multimedia A ppendix 2) of common modifiers of diseases
and body locations, such aschronic, severe, and left and searches
the trimmed term. If the search fails again, MedLink searches
individual words in the trimmed term and displays lay
definitions for every single word that has a hit in CoDeMed.
To improve search efficiency, MedLink uses a hash table to
store interim search results for reuse.

The second strategy isto speed up the system by prioritizing or
deprioritizing EHR terms by their UMLS semantic types.
Specifically, we defined 21 prioritized semantic types and three
deprioritized ones (Multimedia Appendix 2) by extending our
previous work [32] using feedback from domain experts.
Prioritized semantic types represent semantic categories of
medical concepts commonly used in the clinical domain, such
as Disease or syndrome, Pharmacologic substance, and
Laboratory or test result. Deprioritized semantic types represent
concepts that are too general to have a standalone clinical
meaning, such as Geographic area and Temporal concept.
Terms with deprioritized semantic types are ignored (ie, not
trandated by the system). Termswith prioritized semantic types
are searched in CoDeM ed using the af orementioned four-stage
dictionary lookup procedure. The remaining termsare searched
in CoDeMed at only the first two stages of dictionary lookup.

Evaluation Protocol

Content for Evaluation Protocol: Electronic Health
Record Notes

The EHR notes used for this evaluation were chosen from the
EHR-Pittsburgh corpus because this corpus was deidentified
and available for research [35]. Specificaly, we randomly
selected 200 progress notes from this corpus that satisfied the
following two criteria: (1) containing the Assessment and Plan

JMed Internet Res 2018 | vol. 20 | iss. 1| €26 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

section and (2) containing at least ten medical termsasidentified
by MetaMap. An expert in public health, who has worked in
the civilian and military health care fields for 20 years in the
specialties of dermatology, surgery, and emergency medical
servicesreviewed these notes sequentially and selected thefirst
10 notes whose Assessment and Plan sections include good
narratives. Three criteriawere used to identify good narratives:
(1) the text was written in the conversational tone, as opposed
to bulletin points often used in a review of systems or update
for other health care providers; (2) the text contained important
information about a patient’s diagnoses and treatment plans,
and (3) the text was not trivial and contained at least five
medical jargon terms. We chose the Assessment and Plan section
because this section often contained content that satisfied the
first two criteria. We used these sections of the selected notes
for system evaluation. The notes we selected were mostly (9
out of 10) intensive care unit (ICU) notes. We chose those notes
because they contained abundant complex medical jargon that
could be used to challenge the system to test its robustness.

Textbox 1 shows an excerpt from one clinical note used for
system evaluation, with a number of medical terms that may
hinder patients comprehension italicized. Here we show a
subset of terms identified by the UMLS lexical tool MetaMap
[39] for illustration purposes.

Usability Procedures

Our protocol alows physicians to simultaneously assess the
system’s user interface and the content quality of lay definitions.

Textbox 1. Illustration of medical termsin asample clinica note.

Chenet a

This approach is motivated by two factors. First, our system
provides patients knowledge of medical terms. The quality of
the provided knowledge is an important aspect of its usability.
Physiciansrather than patients have the proper training to judge
the accuracy of definitions for medical terms. Therefore, we
asked physicians to evaluate our system at this stage. Second,
physicians do not differ from lay people as users of computer
software. Here, we used the general meaning of “users of
computer software,” that is, people who use a software product
without the technical expertise required to fully understand it.
From this perspective, we expect physicians to give feedback
on user interface (eg, ease of use and speed) in a similar way
as patients do.

Theevaluation included a 1-hour cognitive walkthrough on
and a 7-item postsession questionnaire. Each physician was
interviewed separately in the following procedure. At the
beginning, the interviewer gave the physician an overview of
the system, the assessment procedure, and the goa of the
interview—collecting feedback regarding the system’s user
interface and output content. In addition, she informed the
physician that the system output might not be always accurate
and encouraged the physician to seek clarification on definitions
they found inaccurate or confusing. She then showed the
physician instructions on system use. The physician used the
system to process the EHR excerpts one by one, reviewed the
output from the system, and gave feedback in a think-aloud
manner. The physician was encouraged to make free comments
on any aspect of the system.

Cardiac—The patient was hypotensive yesterday during the day with pressures running in the systolics of 80's to 90's by cuff. Cardiology was called
to see the patient and they did a quick bedside echocardiogram that revealed no pericardial effusion. Her troponins never went higher than 0.77 and
cardiology was not concerned with any primary cardiac event. Her heart rate was also in the one teens to one twenties.

During this process, the interviewer also asked the physician a
few optiona questions about the user interface (details in the
subsection Physician Responses to Prompts). Except these
prompts, the interviewer only observed the physician using the
system and responded to hisor her questions, without discussing
or debating on suggestions for system improvement.

The postsession questionnaire was developed by a group of
experts in public health, medicine, heath informatics, and
computer sciences. Because this study isthefirst effort to collect
physicians' feedback on the content quality of the NoteAid
system, there are no existing validated surveys to use. We
therefore elected to devel op a short survey with questions that
were specific to our system. To ensure the quality of the survey,
we asked one clinical domain expert to evaluate the validity of
the survey content and asked two lay peopleto evaluate whether
the content is easy to understand. Our questionnaire includes 5
scale questions and 2 optional open-ended questions. The scale
guestions (details in the subsection Physician Responses to
Postsession Questionnaire) evaluate lay definitions in four
aspects:. readability (Q1), informativeness (Q2), coverage (Q3),
and accuracy (Q4 and Q5). The open-ended questions collect
free comments on any aspect of the system (details in
Multimedia Appendix 3).

http://www.jmir.org/2018/1/e26/

We recorded voice, screen, and mouse clicks of the whole
interview process, including filling out the survey, by using
Morae Recorder (Version 3.3.4., TechSmith Corporation) for
data analysis.

Participants

A convenience sample of 10 physicians with diverse clinical
expertise (detailsin Table 1) were recruited from Edith Nourse
Rogers Memorial Veterans Hospital, VA Palo Alto Health Care
System, VA Connecticut Health Care System, and the University
of Massachusetts Medical School.

We used a small group of physicians by following previous
studiesin usahility research [40-44] and evaluating clinical NLP
systems[30,45-47] and considering factorsrel evant to our case.
The variability of the physicians specialty was unintended.
Previous work found that, for simple usability tasks, usability
testing using 5 to 10 users was able to find over 80% problems,
and the cost-benefit ratio of increasing the number of userswas
high [40-43]. Our task was simple and required the user to do
asmall, closed set of operations (eg, copying and pasting EHR
content into the input box and hitting the “simplify” button to
view the output). In addition, our study isamidstage evaluation
to prepare the system for late-stage patient eval uations.
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Data Analysis

We analyzed the audio-recorded think-aloud dataand physician
responsesto open-ended survey questions by qualitative content
analysis. Qualitative content analysis is a research method
widely used for analyzing written, verbal, or visua
communication messages through the systematic process of
coding and identifying themes or patterns [48-50]. It has been
successfully used to study clinical NLP systems [45,46] and
patient’'s comprehension of clinical text [14,23]. Following
established techniques [49,50], we carried on the analysis over
three phases, that is, preparation, organizing, and reporting.

In the preparation phase, two researchers reviewed the
think-aloud data from two interview sessions and identified
physicians’ commentsrelated to system’suser interface and lay
definitions. This review resulted in an initial code book with

Chenet a

three broad top-level categories. feedback about the user
interface, feedback about the definitions, and other feedback.
Thefirst category was further divided into positive comments,
system error, and suggested improvements at the second level.
The second category was divided into positive comments,
inaccurate definitions, suggested improvements, missing
definitions, and lay termsthat do not need definitions.

In the organizing phase, one researcher coded the data, which
were then reviewed by the second researcher. The coder
segmented the data, classified the segments by selecting codes
(detailsin Multimedia Appendix 4) from the existing codebook,
and created new codes when necessary by discussing with the
reviewer. Codes were assigned based on the manifest content
of the recordings. Code definitions and coding examples were
used to facilitate the coding process (details in Multimedia
Appendix 4).

Table 1. Speciaty and gender of physicians who participated in NoteAid assessment.

Specialty Gender

Female, n Male, n
Clinical Pharmacology 1
Endocrinology 1 1
Family Medicine 1
Internal Medicine 2 2
Preventive Medicine 1

Pulmonol ogy

1

Few disagreements (4.5% [33/728]) over the coded data were
resolved by discussions between the coder and the reviewer.
Thefinal coding schemeand categories (ie, themes) formulated
over the codes are summarized in Multimedia Appendix 4. To
assess intercoder reliability, two researchers independently
coded 229 segments from physicians' think-aloud data, which
covered two to four notesrandomly selected for each physician.
Theintercoder agreement on this dataset is .88 Cohen kappa.

In the last phase, we reported descriptive statistics of themes
and qualitatively summarized key findings.

Results

System Output

Figure 2 shows a snapshot of NoteAid's output on the EHR
excerpt in Textbox 1, where 8 medical terms were highlighted
and linked to lay definitions by the system. The definition of a
medical term, for example, troponins, will show up when
hovering over thisterm. The definitions output by NoteAid for
all the 8 medical terms are listed in Multimedia Appendix 5.

Table 2 summarizes the EHR data used in the evaluation and
NoteAid's output on this data. As shown in Table 2, NoteAid
linked 29.2% of the terms identified by MetaMap to lay
definitions. The low ratio is caused by two reasons: (1) some
medical terms do not yet have lay definitionsin CoDeMed and
(2) MetaMap identified both medical jargon termsand lay terms
(eg, patient, bleeding, and elevated) commonly used in the
biomedical domain. Therefore, this ratio value underestimates

http://www.jmir.org/2018/1/e26/

NoteAid'srecall. In our result analysis, we used medical terms
that at least two physicians judged to be missed by NoteAid
and medical terms linked by NoteAid to estimate the recall,
which was 0.565 (standard deviation 0.164) per note in this
study.

Analysis of Physician Think-Aloud Data

Overview

In total, 8 physicians reviewed 10 EHR notes; 2 physicians
reviewed 9 notesin their interview sessions and could not stay
longer. We asked all the physicians to fill out the postsession
questionnaire even if they did not finish al the notes. We used
al available think-aloud data for analysis and coded 728
segments including 71 system-related comments, 593
definition-related comments, and 64 other comments.

System Related

The system-related segments include 11 positive comments
(1.2), 50 comments suggesting improvements (1.2), and 10
system errors (1.3). Textbox 2 shows some examples. The
numbers in the round brackets are the codes assigned for these
categories, asdetailed in Multimedia Appendix 4. In therest of
this paper, we used A#'s (eg, Al, A2) to represent different
physicians.

One major suggestion for improvement (25 comments from 7
physicians [Al, A3, A4, A5, A7, A8, and A9]) was to change
the display of definitions for partially matched terms. NoteAid
currently highlights the full spans of those terms and displays
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definitions for their component words or subterms, hoping to
give patients as much information as possible. For example,
normal sinusrhythmis highlighted, but only rhythmis defined
(which is displayed as “[rhythm]: definition text”). However,
many physiciansthought thiswas somewhat confusing. A deep
analysis of other comments for the user interface suggests the

Figure 2. A snapshot of system output.

Chenet a

following improvements: (1) showing system status when it is
running (A2, A4, A5, and A6), (2) putting the* simplify” button
under the search box (A2, A4, A5, and A6), (3) making the label
of the search box more informative (A4 and A6), and (4)
disabling the dangling hyperlinks (which we planned to use to
link to educational materialsin the future) for now (A2 and A6).

Simplified sample text with CoDeMed (Common Definition in Medicine)
definitions

Cardiac - The patient was hypotensive yesterday during the day with

pressures running in the systolics of 80 ' s to 90 ' s by cuff. Cardiology was
called to see the patient and they did a quick bedside echocardiogram that
revealed no pericardial effusion. Her troponins never went higher than 0.77

and cardiology was not concerned with

primary cardiac event. Her heart

rate was also in the one teens to on

when there is heart damage.

Protein needed for muscle contraction. It is released into the blood }

Table 2. Statistics of the electronic health record (EHR) data used for evaluation and NoteAid's output on these data.

Characteristics of NoteAid's output Data
Number of EHR? excerpts, N 10
Number of words per EHR excerpt, mean (SD) 383 (169)
Number of terms identified by MetaMap per EHR excerpt, mean (SD) 141 (66)
Number of terms linked to lay definitions by NoteAid per EHR excerpt, mean (SD) 41 (19)
Percentage of terms identified by MetaMap per EHR note that have been linked to lay definitions by NoteAid, mean (SD) 29.2 (2.8)

PEHR: electronic hedlth record.

Textbox 2. Examples of physicians' comments on NoteAid's user interface. A#'s refer to different physicians. The numbers in round brackets, for

example, (1.1), refer to the codes assigned for data categories.

Positive comments (1.1):

Al: “It'svery efficient in terms of linking the term to the definition. It's fast and accurate as well.”

A4: “The system on thisfirst note, the neuro note, is doing a good job.”

A6: “This could be a great product for pre-med or early med students.”

A7: “You picked up the meds (medications) and the drugs well, most of the concepts.”

A10: “Overadl | think it's nice how it's done this.”

Comments suggesting improvements (1.2):

A2: “ 0Ok, soin that case, maybe when someone hits it once, give a, like, time bar or something.”

Interviewer: “To let them know it's working?”

A2:“Yeah! (1.2.2)

A4: “Again, you're underlining more than you actually define” (1.2.1)
A5: “Maybe the simplify button should go right under there.” (1.2.2)

AB: “Oops, what happens when | click on it, it just hops away. Why doesit do that?’ (1.2.2)

A7: “What isthis?’

Interviewer: “| think that’s something they were trying, I’m not sureif it's going to help or just make people more confused, to have multiple senses”

A7: “Yeah, that was confusing, actually.” (1.2.2)

http://www.jmir.org/2018/1/e26/

RenderX

JMed Internet Res 2018 | vol. 20 | iss. 1| e26 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Definition Related

Among the definition-related comments, 28 were statements
about good definitions (2.1), 54 were about inaccurate
definitions (2.2), 92 were about improvements of definitions
(2.3), 18 were about lay terms that should not be defined (2.4),
and 401 were about missed terms (2.5). Textbox 3 shows some
examples. As one term can occur in multiple notes and be
commented on by different physicians, we further analyzed
these data at term level and identified terms using agreement
by at least two physicians.

We found that physicians usually passed good definitions
silently, resulting in fewer positive comments (see three
examplesin Textbox 3).

A total of 12 terms (ie, 6.2% of unique terms linked to lay
definitions by NoteAid) were judged to be inaccurate, which
included 11 ambiguous terms and acronyms whose definitions
provided by NoteAid did not fit the specific context. For
example, AC is defined by NoteAid as “a short-hand name for
a chemotherapy combination used to treat breast cancer,” but
it was used as an abbreviation of assist control inthe EHR note.

Onedefinition (for the term Valcyte) wasjudged to beinaccurate
despite the context. This definition was derived from drug class
definitions to improve NoteAid's coverage of medical terms.
Specifically, NoteAid treats Valcyte as one type of Purine
Nucleosides, which isdefined as* adrug used to treat cold sores,
genital herpes, and chicken pox.”

Physicians suggested improving definitions for 20 (10.3%)
terms. In particular, they suggested adding information to the
definitions for three terms (ie, sinus rhythm, diuresis, and
Lantus) to improve their clarity and specificity. For example,
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sinusrhythmis defined as* Heart rhythm that begins at the upper
chamber of the heart” in CoDeMed, whereas physicians wanted
usto clarify that thisterm referred to the normal heart rhythm.
Other suggestions include improving the grammar and
readability of certain definitions and unifying the style and
granularity of the drug definitions.

A total of 91 terms (ie., 14.8% of unique termsin the ten EHR
notes that were identified by MetaMap) were judged to need
lay definitions but missed by NoteAid, which include 34
multi-word terms (eg, tidal volume, GJ tube, and community
acquired pneumonia) and 57 single-word terms (eg, FiO2,
macrocytic, and reintubated). The 34 multi-word terms have
meanings beyond the simple sum of their component words.
For example, knowing the words community, acquired, and
pneumonia is not sufficient for understanding the term
community acquired pneumonia.

Twoterms, felt and level, werelinked to lay definitions but were
judged by domain experts to be lay terms that did not need
definitions.

Other Comments

Comments in this category are mostly observations or
suggestions to the evaluation. For example, three physicians
(A1, A4, and A5) commented that certain notes were too
complicated for patientsto understand even if we provided lay
definitionsfor medical jargon, and one physician (A5) suggested
theinclusion of simpler outpatient notes for future eval uations.
Another noticeable pattern is about note comprehension. For
example, two physicians (A3 and A4) pointed out that, in
addition to showing the definitions of lab measures, explaining
the range of the normal 1ab values would be also important for
patient understanding their lab results.

Textbox 3. Examples of physicians' comments on definitions that NoteAid provided for medical terms. A# srefer to different physicians. The numbers
in the round brackets, for example, (2.1), refer to the codes assigned for data categories. The context for the term wean in the fourth exampleis“1 will

http://www.jmir.org/2018/1/e26/
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continue to wean his FiO2 as tolerated and will attempt a trach-mask trial today.” NoteAid did not link the term hemodynamically in the fifth example

to a definition.

Term: antibiotics

Definition: Medicines that attack bacteria.
Ab5: “I like the focus on bacteriathere” (2.1)
Term: BUN

from ureawhich is formed by the breakdown of protein in the liver.

Term: hemoglobin

(2.1)
Term: wean

Definition: To be taken off a certain drug very slowly.

regimen.” (2.2.2)
Term: hemodynamically
A3: “Hemodynamically needs to be defined.” (2.5.1)

Term: community acquired pneumonia

concept and should be defined together.” (2.5.2)
Term: felt

Definition: Feeling happy, mad, or scared.

AB5: “I don't think we need to define felt.” (2.4)

Term: creatinine

Definition: [full name: blood urea nitrogen] The amount of nitrogen in blood is measured to check how well the kidneys work. The nitrogen comes

A9: “I like how this one talks about how it's measured to check how well the kidneyswork...” (2.1)

Definition: A proteinin the blood that carries oxygen. It gives blood its red color.

A4: “It talksto people at the level they can understand, and this extralittle bit...| feel like that sort of helpsyou feel like, | get that. It's just well done.”

A2: “Wean here, the definition is to be taken off a certain drug so | would suggest maybe to change it to be taken off something slowly or a certain

Definitions: [[community]]: A group of people. [[pneumonia]]: An infection of the lungs, usually caused by viruses or bacteria.

A4: “Community acquired pneumonia shouldn't be defined as two separate things, there's no point in defining community for people, and CAPisa

Definition: A waste product made by muscles and cleared from the blood by the kidneys.
A8: “This again should tell the reader clearly that these are tests that are used to monitor how well the kidneys are working.” (2.3.1)

Physician Responsesto Prompts

Table 3 summarizes physician responses to optional prompts,
manually labeled as satisfied and suggesting improvements.
Most respondents thought the system’s speed acceptable. One
respondent (A9) commented that higher speed would be better
for batch processing of many notes at onetime. One respondent
(A5) suggested showing a progress bar when the system was
working. One respondent (A4) suggested disabling the
“simplify” button to avoid multiple hitting (which would slow
down the system) when the system was processing a note. All
respondents liked how NoteAid displays definitions, but one
(A4) commented that using hyperlinks could cause confusion.
Most respondents thought that the system was easy to use.

Physician Responses to Postsession Questionnaire

Table 4 summarizes physician responsesto scale questions. The
average scores for the four aspects of lay definitions generated
by NoteAid range between 3.70 and 4.30.

http://www.jmir.org/2018/1/e26/

Theanalysisof physician responsesto the open-ended questions
(details in Multimedia Appendix 3) showed that physicians
would like to see improvementsin robustness (A3 and A6) and
layout (A7, A9, and A10) of the user interface and quality of
certain aspectsof definitions (A2, A4, A6, and A8). In addition,
two physicians (A4 and A5) suggested using outpatient notes
for future system testing.

Among the positive comments, five physicians (A1, A3, A5,
A8, and A10) thought that the user interface was very
straightforward and easy to use. Two physicians (A1 and A2)
liked the good coverage of medical terms, and one physician
(A9) appraised the lay language nature of definitions. In
addition, three physicians (A4, A6, and A9) appreciated the
usefulness of the system.
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Table 3. Physician responsesto optional promptson user interface. We report the proportion of physicianswho were satisfied or suggested i mprovements
when responding to each prompted question. A# s denote different physicians.

Questions? Satisfied Suggesting Example responses
improvement
PQ1. Doyou fedl the system speed 4/7[A5, A6, 3/7[A3,A4, A3l thinkit'sok. | mean, some of them, this one was along one and it's
istolerable? A8,and A10] and A9] taking alittle longer. But | suppose people would probably figure that out.”
Ab5: “If there was a progress bar or something it would be okay.”
AB6: “Yeah, it seemsreally fast today.”
A9: “I think it takes alittle longer than ideal to processit. Well just cause the
longer it takes, especially when people are trying to do multiple things. But
it's not too bad.”
PQ2. Do you liketheway that the  9/10[A1, A2, 1/10[A4] A3:“I likeit fine. | think it's very easy to see which terms are defined and to
system displays the definitions? A3, A5, A6, see the definition. It's pretty straightforward.”
A7, A8, A9, . . . .
and A10] A4: “Because there's an underline, | want to click onit. If you had it blue but
not underlined...I don't know what to tell you guysto do, it definitely saysto
me*“click on me” and if I'm moving quickly as people are, like, | would figure
it would but it's alittle confusing.”
A5: “Yeah, yeah | do. Just hovering over with the mouse. It is convenient.”
AT: “Yeah, they're short and easy to read.”
PQ3. Isiteasy for youtofindthe  4/4[Al, A2, 0/4 Al: “Definitely, | just have to point the mouse at any word that I'm wondering
definitions that were generated by A3, and A7) what it means.”
the system?
¥ A7: “Oh yeah, you just hover, that's not hard.”
PQ4. Do you think theinstructions  7/8[A1, A2, 1/8[A4] Al: “Yes, very easy”
on theweb page are tofollow? A3, A5, A7, ) . )
Weo pag e A8, and A10] A4:“| didn't follow them, | just did what you told me. So, you haven't |abeled

the search box, so | would...or ‘into the box below.” That may be confusing, |
don't know...I would probably give somedirection like * push simplify button.””

A10: “Yeah, just copy and paste.”

3pQt refers to the #th prompted question.

Table 4. Evaluation scores for scale questionsin postsession questionnaire.

Questions Domain Scale? Evaluation score
Mean (SD)

QL. The definitions are in lay language (ie, do not contain medical jargon). Readability never 12345aways  3.90(0.57)

Q2. The definitions provide useful information for comprehending medical jargon Informativeness never 12345aways  3.80 (0.63)

in electronic health record (EHR) notes.

Q3. NoteAid has good coverage of lay definitionsfor medical jargonin EHR notes. Coverage disagree12345agree  4.10(0.74)

Q4. NoteAid links medical jargon to definitions that are correct or appropriate for  Accuracy seldom 12 345 often 3.70 (0.67)

patients.

Q5. NoteAid links medical jargon to incorrect definitions. Accuracy often 12345 seldom 4.30 (0.95)

AWe used 5-point Likert-style scale questions. For example, “never 12 34 5 aways’ refersto never, seldom, sometimes, often, always.

Discussion

Building NLP systemsthat support patient EHR comprehension
is challenging. One major reason is the language use

Principal Findings

characteristics of EHR notes related to clinicians writing
behavior [51]. For example, clinicians often use shorthand (eg,

We have developed NoteAid, an NLP system that links medical
jargon to lay definitions targeted at or below the average adult
literacy level and reported aformative evaluation conducted to
improve the system. Ten physicians with diverse backgrounds
evaluated NoteAid. Overall, physicians were positive about the
user interface and the quality of lay definitions, asindicated by
their responses to the survey questions and optional prompts.

http://www.jmir.org/2018/1/e26/

RenderX

abbreviations and acronyms) in clinical narratives, which causes
great ambiguity in meanings [52,53]. Simple strategies such as
the most frequent sense (MFS) heuristic, is not sufficient to
resolve such ambiguity (details in the subsection Lay
Definitions). Misspellings are common in clinical texts, which
reduce the system’srecall on medical terms. Someclinical texts
are ungrammatical, for which lexical-level comprehension
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support is not sufficient. These characteristics also make it
harder for patients to comprehend their EHR notes, given that
the notesare already abundant with medical terms. Despite these
challenges, NoteAid received positive physician feedback,
suggesting that this tool has great potential to be useful for
patients.

In addition, physicians provided val uable suggestionsfor system
improvement before we started a randomized trial sponsored
by VHA, which fulfilled one major goal of this study.

User Interface

Physiciansthought that system speed was satisfactory (although
not optimal) and that the system website was easy to navigate.
The definitions, which pop up in grey bubbles when the cursor
is hovered above aterm, were helpful and easily found. Simple
changes such as altering the placement of buttons on the website
or revising the label of the input box to add clarity were
suggested. We have improved the system based on their
feedback in five aspects.

First, we fixed the position of the “simplify” button to be right
below the input box, so a user can easily find it even when the
output text islong.

Second, we added a function to disable and grey out the
“simplify” button when the system starts to process the input
text and reenable it after the processing completes. This gives
usersasense about when the systemisworking. It also prevents
them from hitting the “simplify” button repeatedly, a behavior
that can slow down the system.

Third, we modified the introduction text on the user interface
and the label of the input box to improve clarity.

Fourth, we disabled dangling hyperlinks in system output.

Fifth, we investigated the system errors that occurred during
the evaluation and found that the errorswere caused by adesign
flaw of the original system. Previously, the system segmented
an input text into sentences and reopened a subservice of
MetaMap every time it was processing a new sentence.
Consequently, the temporary files opened for communication
with the subservice sometimes accumulated too quickly to be
tolerated by the operating system, causing a system crash. We
have fixed this problem by modifying the code to process the
input text without sentence segmentation. This change also
improved the system speed.

We provide screenshots of the original system and the enhanced
onein Multimedia Appendix 6.

Our system has the potential to be integrated into VA's patient
portal after patient testing and further improvement. It can also
be used as a standalone tool. Using our system only requires a
few simple operations; therefore, we expect it to be easily used
by patients with different levels of computer skills. We
implemented the system using Hypertext Transfer Protocol
Securethat encrypts user page requests and responses from the
Web server, to protect patients' private information.

http://www.jmir.org/2018/1/e26/
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Lay Definitions

Physicians often passed good definitions silently. Their positive
comments suggest that they liked our approach for defining
medical jargon—giving essential information in lay language
while omitting other details that could easily overwhelm the
patients. This approach helps reduce patients' cognitive load
when they read long EHR notes abundant with medical terms.

Furthermore, physicians gave valuable feedback about which
medical concepts are better understood as phrases versus the
sum of their individual terms. We have used their feedback to
improve our guideline on selecting compound medical terms
for inclusion into CoDeMed. This improvement will reduce
cases where patients think they understand a term like
community-acquired pneumonia but in fact not, therefore
hel ping them understand their EHR notes more accurately. The
compound terms physicians identified can also be used as
examples to develop learning-based methods for automated
compound term detection, which will be our future work.

They also identified several inaccurate definitions that need
immediate attention. The inaccuracies were mostly caused by
ambiguity. We identified two major sources of ambiguity by
result analysis: (1) drugs that can treat different diseases and
(2) acronyms. NoteAid currently uses the MFS heuristic for
acronyms, which were judged by domain experts, and outputs
all definitionsfor multi-purpose drugs. However, the evaluation
results suggest that MFS is not accurate enough, and showing
multiple definitions for a drug name could cause confusion.
Improving accuracy iscrucia for patient use of NoteAid because
inaccurate definitions add confusion to patients, and it would
be unlikely for them, especially those patients with low health
literacy, to discover such inaccuracies by themselves. In the
future, we will address this problem by developing automatic
methods to predict senses of ambiguous termsin EHR notes.

From physician’s comments, we observed some disagreement
about appropriate length and scope of definitions. Most
physicians agreed that longer, more detailed descriptions of
medical conceptswere preferable; however, one physician (A6)
argued for the less is more approach, citing the aready too
complex nature of EHR notes. In addition, some physicians
thought that only providing lay definitions to medical terms
may not be sufficient for full EHR note comprehension. These
comments suggest that patient EHR comprehension is
challenging and unlikely to have a one-shot solution. For
example, patients at higher literacy levels may prefer more
detailed definitions, whereas patients at low levels may find
such definitions overwhelming. Thisfeedback suggeststhat the
current NoteAid design may be sufficient to support EHR
comprehension, but in some cases additional tools may be
required. For a more comprehensive solution, one may extend
NoteAid by incorporating definitions at different granularity
levels and methods interactively measuring patients’ literacy
levels.

Drug definitions were another source of disagreement between
physician reviewers. Although some preferred simple,
all-encompassing definitions (eg, all antibiotics having the same
brief definition, “ Flagyl: a drug that kills germs™), othersfelt
more detail should be provided about specific conditions each

JMed Internet Res 2018 | vol. 20 |iss. 1| €26 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

drug is used to treat. One way to resolve the discrepancy isto
introduce hierarchical definitions that show the simple generic
definition first and then details specific to context.

Physicians identified many terms which do not present in
CoDeMed and thus were missed by NoteAid. We have added
4502 more definitionsin CoDeMed since this eval uation, which
improved NoteAid's recall of medical terms in the ten EHR
excerpts used for this study from 0.565 to 0.787. We have also
developed a hybrid strategy that uses the UMLS controlled
vocabularies to back up CoDeMed for missed terms while we
simultaneously continue to improve its coverage. We expect
that including more lay definitions will benefit patients,
especially those with low health literacy.

Related Works

In the Introduction section, we have discussed the difference of
our system from previous systems[30-32] in supporting patient
EHR comprehension. Our system is the first one that links
medical termsto lay definitionsin EHR notes. Our system used
drug class definitions for medications that did not have
term-level definitions in CoDeMed, which shared the same
spirit with the method of using UMLS relations (eg, “Is-A”
relation) to generate general explanationsfor medical termsthat
lack corresponding lay terms[30].

Previous work in evaluating NLP systems supporting patient
EHR comprehension focused on their effects on comprehension
[30-32] and sometimes cleaned system outputs manually before
presenting them to users[30]. The purpose of our evaluation is
different. We evaluated both the user interface and content
quality of the system’'s original output as part of our
development effort to prepare the system for alate-stage patient
eva uation.

Similar to previous work in evaluating clinical NLP systems
[30,45-47], we used task-based evaluation. The think-aloud
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walkthrough eval uation protocol used in our study is similar to
previouswork in evaluating online search enginesin answering
physicians' questions [45] and clinical NLP software [46].
Zheng et al [46] found that clinical NL P software that required
installation before use often presented challenges to end users.
Compatible with their findings, our system, which adopts a
Web-based framework without installation requirement on the
user side, received positive feedback in terms of ease of use.

Limitations

Similar to previous work in usability testing of clinical NLP
systems, we obtained feedback about NoteAid from a small
group of users. Usahility testing identified important issues for
system improvement, although a larger scale evaluation may
yield additional refinements. We used notesfrom ICU patients,
which may not be representative of notes for patients at |ower
acuity, including individual s seenin outpatient clinics. However,
because these notes often cover complex clinical issues, they
offer appropriate material to test the system’s robustness. We
plan to continue validation of NoteAid using other types of
notes, including outpatient notes. We evaluated our system by
using physician reviews to get feedbacks on the quality of lay
definitions. Physicians, who have received high education, might
have better computer skills than people who rarely used
computers. We will include patients with mixed levels of
computer skillsin our patient study in the future.

Conclusions

Physician evaluation yielded positive results and useful feedback
for content validation and refinement of this innovative tool.
We have improved NoteAid based on physicians feedback.
Next stepsinclude a study engaging patients to test the system.
Tools such asNoteAid may havethe potential to improve patient
EHR comprehension, which, when used concurrently with
patient portals such as VA's MyHealtheVet [ 7,54], can improve
patient experience, engagement, and health knowledge.

Acknowledgments

This work was supported by the Institutional National Research Service Award (T32) 5T32HL120823-02 from the National
Intitutes of Health and the Health Services Research and Development of the US Department of Veterans Affairs Investigator
Initiated Research 1101HX001457-01. The content is solely the responsibility of the authors and does not necessarily represent
the official views of NIH, the US Department of Veterans Affairs, or the US Government.

Theauthorswould liketo thank Sarah Cutrona, Edgard Granillo, Andrew Hsu, Richeek Pradhan, and Renda Wiener for providing
valuabl e feedback on improving the NoteAid system and Weisong Liu and Elaine Freund for technical support in data collection.
They aso thank the anonymous reviewers for their constructive comments and suggestions.

Authors Contributions

HY and JC designed the study. TH provided important feedback on study design. JC and ED collected the EHR data. JC and
BPR developed the NoteAid system. ED interviewed physicians. ED and JC analyzed the interview data. JC drafted the manuscript.
ED contributed substantially to paper writing. HY, CB, TM, DMZ, VGV, and SM provided valuable feedback on system
improvement. All authors contributed to the writing and revision of the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Criteriafor judging importance of candidate terms extracted from electronic health record (EHR) corpora.

http://www.jmir.org/2018/1/e26/ JMed Internet Res 2018 | vol. 20 | iss. 1| €26 | p. 12

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chenetd

[PDE File (Adobe PDF File), 551K B-Multimedia Appendix 1]

Multimedia Appendix 2
Auxiliary data used by NoteAid for medical concept extraction.

[PDE File (Adobe PDF File), 471K B-Multimedia Appendix 2]

Multimedia Appendix 3
Physician responses to open-ended questions in postsession questionnaire.

[PDE File (Adobe PDF File), 416KB-Multimedia Appendix 3]

Multimedia Appendix 4
Coding scheme for qualitative content analysis.

[PDFE File (Adobe PDF File), 310K B-Multimedia Appendix 4]

Multimedia Appendix 5
Lay definitions output by NoteAid for medical termsin an electronic health record note excerpt.

[PDE File (Adobe PDF Fil€), 436K B-Multimedia Appendix 5]

Multimedia Appendix 6
User interfaces of the original NoteAid system used in this study and the system with posteval uation enhancements.

[PDF File (Adobe PDF File), 608K B-Multimedia Appendix 6]

References

1.

2.

10.

11.

DavisK, Schoenbaum SC, Audet A. A 2020 vision of patient-centered primary care. J Gen Intern Med 2005
Oct;20(10):953-957 [FREE Full text] [doi: 10.1111/].1525-1497.2005.0178.x] [Medline: 16191145]

Detmer D, Bloomrosen M, Raymond B, Tang P. Integrated personal health records: transformative toolsfor consumer-centric
care. BMC Med Inform Decis Mak 2008;8:45 [FREE Full text] [doi: 10.1186/1472-6947-8-45] [Medline: 18837999
Steinbrook R. Health care and the American Recovery and Reinvestment Act. N Engl JMed 2009 Mar 12;360(11):1057-1060.
[doi: 10.1056/NEJM p0900665] [Medline: 19224738|

Wright A, Feblowitz J, Samal L, McCoy AB, Sittig DF. The Medicare Electronic Health Record Incentive Program: provider
performance on core and menu measures. Health Serv Res 2014 Feb;49(1 Pt 2):325-346 [FREE Full text] [doi:
10.1111/1475-6773.12134] [Medline: 24359554]

Irizarry T, DeVito DA, Curran CR. Patient portals and patient engagement: a state of the science review. JMed Internet
Res 2015;17(6):€148 [FREE Full text] [doi: 10.2196/jmir.4255] [Medline: 26104044]

Delbanco T, Walker J, Darer JD, Elmore JG, Feldman HJ, Leveille SG, et al. Open notes: doctors and patients signing on.
Ann Intern Med 2010 Jul 20;153(2):121-125. [doi: 10.7326/0003-4819-153-2-201007200-00008] [Medline: 20643992]
Turvey C, Klein D, Fix G, Hogan TP, Woods S, Simon SR, et al. Blue Button use by patients to access and share health
record information using the Department of Veterans Affairs online patient portal. JAm Med Inform Assoc
2014;21(4):657-663. [doi: 10.1136/amigjnl-2014-002723] [Medline: 24740865]

Delbanco T, Walker J, Bell SK, Darer JD, Elmore JG, Farag N, et al. Inviting patientsto read their doctors notes: a
quasi-experimental study and alook ahead. Ann Intern Med 2012 Oct 2;157(7):461-470 [FREE Full text] [doi:
10.7326/0003-4819-157-7-201210020-00002] [Medline: 23027317]

Nazi KM, Hogan TP, Mclnnes DK, Woods SS, Graham G. Evaluating patient access to Electronic Health Records: results
fromasurvey of veterans. Med Care 2013 Mar;51(3 Suppl 1):S52-S56. [doi: 10.1097/ML R.0b013e31827808db] [Medline:
23407012

Woods SS, Schwartz E, Tuepker A, Press NA, Nazi KM, Turvey CL, et al. Patient experiences with full electronic access
to health records and clinical notes through the My HealtheVet Personal Health Record Pilot: qualitative study. JMed
Internet Res 2013;15(3):e65 [FREE Full text] [doi: 10.2196/jmir.2356] [Medline: 23535584]

Nazi KM, Turvey CL, Klein DM, Hogan TP, Woods SS. VA OpenNotes: exploring the experiences of early patient adopters
with access to clinical notes. JAm Med Inform Assoc 2015 Mar;22(2):380-389. [doi: 10.1136/amiajnl-2014-003144]
[Medline: 25352570]

http://www.jmir.org/2018/1/e26/ JMed Internet Res 2018 | vol. 20 | iss. 1| €26 | p. 13

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v20i1e26_app1.pdf&filename=1a77792dd79d1e6d74040056fab6da80.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app1.pdf&filename=1a77792dd79d1e6d74040056fab6da80.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app2.pdf&filename=a212d9661a7b40a601d74937f51ffafc.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app2.pdf&filename=a212d9661a7b40a601d74937f51ffafc.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app3.pdf&filename=7c5f17d1077d93d4d6929a82dd11f51f.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app3.pdf&filename=7c5f17d1077d93d4d6929a82dd11f51f.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app4.pdf&filename=2534f132d2bd653fcbd332a32bb77fd9.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app4.pdf&filename=2534f132d2bd653fcbd332a32bb77fd9.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app5.pdf&filename=faae92327a5aeea733b4c42519708b3c.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app5.pdf&filename=faae92327a5aeea733b4c42519708b3c.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app6.pdf&filename=6260871f5734540955e53a18cc0b956e.pdf
https://jmir.org/api/download?alt_name=jmir_v20i1e26_app6.pdf&filename=6260871f5734540955e53a18cc0b956e.pdf
http://europepmc.org/abstract/MED/16191145
http://dx.doi.org/10.1111/j.1525-1497.2005.0178.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16191145&dopt=Abstract
http://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-8-45
http://dx.doi.org/10.1186/1472-6947-8-45
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18837999&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp0900665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19224738&dopt=Abstract
http://europepmc.org/abstract/MED/24359554
http://dx.doi.org/10.1111/1475-6773.12134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24359554&dopt=Abstract
http://www.jmir.org/2015/6/e148/
http://dx.doi.org/10.2196/jmir.4255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26104044&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-153-2-201007200-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20643992&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2014-002723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24740865&dopt=Abstract
http://europepmc.org/abstract/MED/23027317
http://dx.doi.org/10.7326/0003-4819-157-7-201210020-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23027317&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e31827808db
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23407012&dopt=Abstract
http://www.jmir.org/2013/3/e65
http://dx.doi.org/10.2196/jmir.2356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23535584&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2014-003144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25352570&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chenetd

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Mossanen M, True LD, Wright JL, Vakar-Lopez F, Lavallee D, Gore JL. Surgical pathology and the patient: a systematic
review evaluating the primary audience of pathology reports. Hum Pathol 2014 Nov;45(11):2192-2201. [doi:
10.1016/j.humpath.2014.07.008] [Medline: 25149550]

Pyper C, Amery J, Watson M, Crook C. Patients experiences when accessing their on-line electronic patient records in
primary care. Br J Gen Pract 2004 Jan;54(498):38-43 [FREE Full text] [Medline: 14965405]

Keselman A, Slaughter L, Smith CA, Kim H, Divita G, Browne A, et al. Towards consumer-friendly PHRs: patients
experience with reviewing their health records. AMIA Annu Symp Proc 2007:399-403 [FREE Full text] [Medline: 18693866]
Chapman K, Abraham C, Jenkins V, Fallowfield L. Lay understanding of termsused in cancer consultations. Psychooncol ogy
2003 Sep;12(6):557-566. [doi: 10.1002/pon.673] [Medline: 12923796]

Lerner EB, Jehle DV, Janicke DM, Moscati RM. Medical communication: do our patients understand? Am J Emerg Med
2000 Nov;18(7):764-766. [doi: 10.1053/ajem.2000.18040] [Medline: 11103725]

Jones RB, McGhee SM, McGhee D. Patient on-line accessto medical recordsin general practice. Health Bull (Edinb) 1992
Mar;50(2):143-150. [Medline: 1517087]

Baldry M, Cheal C, Fisher B, Gillett M, Huet V. Giving patientstheir own recordsin general practice: experience of patients
and staff. Br Med J (Clin Res Ed) 1986 Mar 1;292(6520):596-598 [FREE Full text] [Medline: 3081187]

NCES. 2006. The Health Literacy of America's Adults: Resultsfrom the 2003 National Assessment of Adult Literacy URL:
http://nces.ed.gov/pubsearch/pubsinfo.asp?pubi d=2006483 [accessed 2016-07-15] [WebCite Cache ID 6j1IMrFZH|]
Sarkar U, Karter AJ, Liu JY, Adler NE, Nguyen R, Lopez A, et al. The literacy divide: health literacy and the use of an
internet-based patient portal in an integrated health system-results from the diabetes study of northern California
(DISTANCE). J Health Commun 2010;15(Suppl 2):183-196 [FREE Full text] [doi: 10.1080/10810730.2010.499988]
[Medline: 20845203]

Zarcadoolas C, Vaughon WL, Czaja SJ, Levy J, Rockoff ML. Consumers perceptions of patient-accessible electronic
medical records. JMed Internet Res 2013;15(8):€168 [FREE Full text] [doi: 10.2196/jmir.2507] [Medline: 23978618]
Tieu L, Sarkar U, Schillinger D, Ralston JD, Ratanawongsa N, Pasick R, et a. Barriers and facilitators to online portal use
among patients and caregiversin asafety net health care system: a qualitative study. JMed Internet Res 2015;17(12):€275
[FREE Full text] [doi: 10.2196/jmir.4847] [Medline: 26681155]

Keselman A, Smith CA. A classification of errorsin lay comprehension of medical documents. J Biomed Inform 2012
Dec;45(6):1151-1163 [FREE Full text] [doi: 10.1016/j.jbi.2012.07.012] [Medline: 22925723]

Wernick M, Hale P, Anticich N, Busch S, Merriman L, King B, et a. A randomised crossover trial of minimising medical
terminology in secondary care correspondence in patients with chronic health conditions: impact on understanding and
patient reported outcomes. Intern Med J 2016 May;46(5):596-601. [doi: 10.1111/imj.13062] [Medline: 26968750]
McCray AT. Promoting health literacy. JAm Med Inform Assoc 2005;12(2):152-163 [FREE Full text] [doi:
10.1197/jamia.M 1687] [Medline: 15561782]

Berland GK, Elliott MN, MoralesLS, Algazy JI, Kravitz RL, Broder MS, et al. Health information on the Internet:
accessibility, quality, and readability in English and Spanish. JAm Med Assoc 2001;285(20):2612-2621 [FREE Full text]
[Medline: 11368735]

Shaffi L, Rowley J. Trust and credibility in web-based health information: areview and agenda for future research. JMed
Internet Res 2017 Jun 19;19(6):€218 [FREE Full text] [doi: 10.2196/jmir.7579] [Medline: 28630033]

Graber MA, Roller CM, Kaeble B. Readability levels of patient education material on the World Wide Web. J Fam Pract
1999 Jan;48(1):58-61. [Medline: 9934385]

KasabwalaK, Agarwal N, Hansberry DR, Baredes S, Eloy JA. Readability assessment of patient education materials from
the American Academy of Otolaryngology--Head and Neck Surgery Foundation. Otolaryngol Head Neck Surg 2012
Sep;147(3):466-471. [doi: 10.1177/0194599812442783] [Medline: 22473833]

Zeng-Treitler Q, Goryachev S, Kim H, Keselman A, Rosendale D. Making textsin el ectronic health records comprehensible
to consumers: a prototype trandator. AMIA Annu Symp Proc 2007:846-850 [FREE Full text] [Medline: 18693956]
Kandula S, Curtis D, Zeng-Treitler Q. A semantic and syntactic text simplification tool for health content. AMIA Annu
Symp Proc 2010;2010:366-370 [FREE Full text] [Medline: 21347002]

Polepalli RB, Houston T, Brandt C, Fang H, Yu H. Improving patients electronic health record comprehension with
NoteAid. Stud Health Technol Inform 2013;192:714-718. [Medline: 23920650]

Chen J, Jagannatha AN, Fodeh SJ, Yu H. Ranking medical termsto support expansion of lay language resources for patient
comprehension of electronic health record notes. adapted distant supervision approach. IMIR Med Inform 2017 Oct
31;5(4):e42 [FREE Full text] [doi: 10.2196/medinform.8531] [Medline: 29089288]

Zeng QT, Tse T. Exploring and devel oping consumer health vocabularies. J Am Med Inform Assoc 2006;13(1):24-29
[FREE Full text] [doi: 10.1197/jamiaM1761] [Medline: 16221948]

Mowery D, Wiebe J, Visweswaran S, Harkema H, Chapman WW. Building an automated SOAP classifier for emergency
department reports. J Biomed Inform 2012 Feb;45(1):71-81 [FREE Full text] [doi: 10.1016/].jbi.2011.08.020] [Medline:
21925286]

Jagannatha A, Chen J, Yu H. Mining and Ranking Biomedical Synonym Candidates from Wikipedia. 2015 Presented at:
The Sixth International Workshop on Health Text Mining and Information Analysis (Louhi); September 17-21, 2015;

http://www.jmir.org/2018/1/e26/ JMed Internet Res 2018 | vol. 20 |iss. 1 | €26 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.humpath.2014.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25149550&dopt=Abstract
http://bjgp.org/cgi/pmidlookup?view=long&pmid=14965405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14965405&dopt=Abstract
http://europepmc.org/abstract/MED/18693866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18693866&dopt=Abstract
http://dx.doi.org/10.1002/pon.673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12923796&dopt=Abstract
http://dx.doi.org/10.1053/ajem.2000.18040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11103725&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1517087&dopt=Abstract
http://europepmc.org/abstract/MED/3081187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3081187&dopt=Abstract
http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006483
http://www.webcitation.org/

                                            6j1MrFZFj
http://europepmc.org/abstract/MED/20845203
http://dx.doi.org/10.1080/10810730.2010.499988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20845203&dopt=Abstract
http://www.jmir.org/2013/8/e168/
http://dx.doi.org/10.2196/jmir.2507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23978618&dopt=Abstract
http://www.jmir.org/2015/12/e275/
http://dx.doi.org/10.2196/jmir.4847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26681155&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1532-0464(12)00126-8
http://dx.doi.org/10.1016/j.jbi.2012.07.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22925723&dopt=Abstract
http://dx.doi.org/10.1111/imj.13062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26968750&dopt=Abstract
http://jamia.oxfordjournals.org/lookup/pmidlookup?view=long&pmid=15561782
http://dx.doi.org/10.1197/jamia.M1687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15561782&dopt=Abstract
http://europepmc.org/abstract/MED/11368735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11368735&dopt=Abstract
http://www.jmir.org/2017/6/e218/
http://dx.doi.org/10.2196/jmir.7579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28630033&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9934385&dopt=Abstract
http://dx.doi.org/10.1177/0194599812442783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22473833&dopt=Abstract
http://europepmc.org/abstract/MED/18693956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18693956&dopt=Abstract
http://europepmc.org/abstract/MED/21347002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21347002&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23920650&dopt=Abstract
http://medinform.jmir.org/2017/4/e42/
http://dx.doi.org/10.2196/medinform.8531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29089288&dopt=Abstract
http://jamia.oxfordjournals.org/lookup/pmidlookup?view=long&pmid=16221948
http://dx.doi.org/10.1197/jamia.M1761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16221948&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(11)00147-X
http://dx.doi.org/10.1016/j.jbi.2011.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21925286&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chenetd

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

Lisbon, Portugal p. 142-151 URL: https://www.cs.cmu.edu/~ark/EMNL P-2015/proceedings/L OUHI/L OUHI-2015.
pdf#page=154

Mikolov T, Sutskever |, Chen K, Corrado G, Dean J. Distributed representations of words and phrases and their
compositionality. Presented at: Advancesin Neural Information Processing Systems 2013 (NI1PS 2013); December 5-10,
2013; Lake Tahoe, NV p. 3111-3119 URL : https://papers.nips.cc/paper/

5021-distri buted-representati ons-of -words-and-phrases-and-their-compositionality. pdf

Attar R, Fraenkel AS. Local feedback in full-text retrieval systems. JACM 1977;24(3):397-417. [doi:
10.1145/322017.322021]

Aronson AR, Lang F. An overview of MetaMap: historical perspective and recent advances. JAm Med Inform Assoc
2010;17(3):229-236 [FREE Full text] [doi: 10.1136/jamia.2009.002733] [Medline: 20442139]

Macefield R. How to specify the participant group size for usability studies: a practitioner's guide. J Usability Stud
2009;5(1):34-45.

Virzi RA. Refining the test phase of usability evaluation: how many subjects is enough? Hum Factors 2016 Nov
23;34(4):457-468. [doi: 10.1177/001872089203400407]

Nielsen J, Landauer T. A mathematical model of the finding of usability problems. 1993 Presented at: The INTERACT'93
and CHI'93 Conference on Human Factorsin Computing Systems; April 24 - 29, 1993; Amsterdam, The Netherlands p.
206-213. [doi: 10.1145/169059.169166]

Faulkner L. Beyond the five-user assumption: benefits of increased sample sizesin usability testing. Behav Res Methods
Instrum Comput 2003 Aug;35(3):379-383. [Medline: 14587545]

Hwang W, Salvendy G. Number of people required for usability evaluation. Commun ACM 2010 May 01;53(5):130. [doi:
10.1145/1735223.1735255]

Yu H, Kaufman D. A cognitive evaluation of four online search engines for answering definitional questions posed by
physicians. Pac Symp Biocomput 2007:328-339 [FREE Full text] [Medline: 17990503]

Zheng K, Vydiswaran VG, LiuY, Wang Y, Stubbs A, Uzuner O, et al. Ease of adoption of clinical natural language
processing software: an evaluation of five systems. JBiomed Inform 2015 Dec;58 Suppl:S189-S196 [FREE Full text] [doi:
10.1016/}.jbi.2015.07.008] [Medline: 26210361]

Hirsch JS, Tanenbaum JS, Lipsky GS, Liu C, Schmitz E, Hashorva D, et al. HARVEST, alongitudinal patient record
summarizer. JAm Med Inform Assoc 2015 Mar;22(2):263-274 [EREE Full text] [doi: 10.1136/amiajnl-2014-002945]
[Medline: 25352564]

Hsieh H, Shannon SE. Three approachesto qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288. [doi:
10.1177/1049732305276687] [Medline: 16204405]

Elo S, Kyngéds H. The qualitative content analysis process. J Adv Nurs 2008 Apr;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969)]

Vaismoradi M, Turunen H, Bondas T. Content analysis and thematic analysis: implications for conducting a qualitative
descriptive study. Nurs Health Sci 2013 Sep;15(3):398-405. [doi: 10.1111/nhs.12048] [Medline: 23480423]

Meystre SM, Savova GK, Kipper-Schuler KC, Hurdle JF. Extracting information from textual documentsin the electronic
health record: areview of recent research. Yearb Med Inform 2008:128-144. [Medline: 18660887]

Xu H, Stetson PD, Friedman C. A study of abbreviationsin clinical notes. AMIA Annu Symp Proc 2007 Oct 11:821-825
[FREE Full text] [Medline: 18693951]

LiuH, Lussier YA, Friedman C. Disambiguating ambiguous biomedical termsin biomedical narrativetext: an unsupervised
method. J Biomed Inform 2001 Aug;34(4):249-261 [FREE Full text] [doi: 10.1006/jbin.2001.1023] [Medline: 11977807]
Nazi KM, Woods SS, Woods SS. MyHealtheVet PHR: a description of users and patient portal use. AMIA Annu Symp
Proc 2008:1182. [Medline: 18999142]

Abbreviations

ADS:. adapted distant supervision

CHV: consumer health vocabulary

EHR: electronic health record

ICU: intensive care unit

MFS: most frequent sense

NLP: natural language processing

UMLS: Unified Medical Language System
VA: Veterans Affairs

VHA: Veterans Health Administration

http://www.jmir.org/2018/1/e26/ JMed Internet Res 2018 | vol. 20 | iss. 1| €26 | p. 15

(page number not for citation purposes)


https://www.cs.cmu.edu/~ark/EMNLP-2015/proceedings/LOUHI/LOUHI-2015.pdf#page=154
https://www.cs.cmu.edu/~ark/EMNLP-2015/proceedings/LOUHI/LOUHI-2015.pdf#page=154
https://papers.nips.cc/paper/5021-distributed-representations-of-words-and-phrases-and-their-compositionality.pdf
https://papers.nips.cc/paper/5021-distributed-representations-of-words-and-phrases-and-their-compositionality.pdf
http://dx.doi.org/10.1145/322017.322021
http://jamia.oxfordjournals.org/lookup/pmidlookup?view=long&pmid=20442139
http://dx.doi.org/10.1136/jamia.2009.002733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20442139&dopt=Abstract
http://dx.doi.org/10.1177/001872089203400407
http://dx.doi.org/10.1145/169059.169166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14587545&dopt=Abstract
http://dx.doi.org/10.1145/1735223.1735255
http://psb.stanford.edu/psb-online/proceedings/psb07/abstracts/2007_p328.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17990503&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00148-3
http://dx.doi.org/10.1016/j.jbi.2015.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26210361&dopt=Abstract
http://europepmc.org/abstract/MED/25352564
http://dx.doi.org/10.1136/amiajnl-2014-002945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25352564&dopt=Abstract
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1111/nhs.12048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23480423&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18660887&dopt=Abstract
http://europepmc.org/abstract/MED/18693951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18693951&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(01)91023-8
http://dx.doi.org/10.1006/jbin.2001.1023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11977807&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18999142&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chenetd

Edited by G Eysenbach; submitted 08.08.17; peer-reviewed by D Klein, B Schreiweis, M Sellefson; comments to author 28.09.17;
revised version received 21.11.17; accepted 06.12.17; published 22.01.18

Please cite as:

Chen J, Druhl E, Polepalli Ramesh B, Houston TK, Brandt CA, Zulman DM, Vimalananda VG, Malkani S Yu H

A Natural Language Processing System That Links Medical Terms in Electronic Health Record Notes to Lay Definitions: System
Development Using Physician Reviews

J Med Internet Res 2018;20(1): €26

URL: http://www.jmir.org/2018/1/e26/

doi: 10.2196/jmir.8669
PMID: 29358159

©Jinying Chen, Emily Druhl, Balgji Polepalli Ramesh, Thomas K Houston, Cynthia A Brandt, Donna M Zulman, Varsha G
Vimalananda, Samir Makani, Hong Yu. Originally published in the Journal of Medical Internet Research (http://www.jmir.org),
22.01.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the origina work, first published in the Journa of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2018/1/e26/ JMed Internet Res 2018 | vol. 20 | iss. 1| €26 | p. 16
(page number not for citation purposes)

RenderX


http://www.jmir.org/2018/1/e26/
http://dx.doi.org/10.2196/jmir.8669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29358159&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

