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ABSTRACT

Medical progress notes have recently become available to patients
at an unprecedented scale. Progress notes offer patients insight
into their care that they cannot find elsewhere. That said, reading
a note requires patients to contend with the language, unspoken
assumptions, and clutter common to clinical documentation. As
the health system reinvents many of its interfaces to incorporate
Al assistance, this paper examines what intelligent interfaces could
do to help patients read their progress notes. In a qualitative study,
we examine the needs of patients as they read a progress note. We
then formulate a vision for the explainable note, an augmented
progress note that provides support for directing attention, phrase-
level understanding, and tracing lines of reasoning. This vision
manifests in a set of patient-inspired opportunities for advancing
intelligent interfaces for writing and reading progress notes.
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1 INTRODUCTION

In recent years, patients have been given unprecedented access to
highly-technical, detailed information about their care. In 2016, the
21st Century Cures Act was signed, guaranteeing patients in the
United States access to their medical records [29]. Among these
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records are a patient’s “progress notes,” or the notes their physi-
cians and nurses (whom we refer to as clinicians) take during a
visit. Progress notes detail the reasons for a visit, the tests con-
ducted, and the clinicians’ conclusions and care recommendations.
The advantages of access to such notes is well-studied: patients
with access to their progress notes report greater agency in their
care [52], notice discrepancies in their records [23, 41], better re-
member the medical guidance they have received [18], and help
caregivers understand critical information about patient care [12].
In short, patients benefit from reviewing progress notes.

While there are advantages to reading one’s progress notes,
ordinary patients are sometimes unable to understand their intrica-
cies [60]. Currently, progress notes are largely written by clinicians
for themselves, other clinicians, billing teams, insurance, and other
stakeholders—but not patients [1]. These notes remain full of spe-
cialized terminology that is part of the medical practice [17, 65], and
they leave unspoken the meaning of medical observations [17, 21]
for which the interpretation is often self-evident to care teams.

In an era where artificially intelligent systems are increasingly
being used in health care, this paper explores the role that intelligent
interfaces should play in helping patients get the most out of their
progress notes. Galvanized by advances in NLP technology, the
HCI community has recently posited the roles intelligent Uls can
play in supporting reading by explaining terms [5, 26], answering
questions [5, 30, 85], assisting skimming [5, 20, 42], and expanding
and compressing texts [27], among other affordances.

This paper examines what needs patients have when reading
progress notes, and asks what it would mean to address them in the
intelligent interfaces used for reading and writing notes. To answer
this question, we conduct a patient-centric qualitative study. We
opted for a methodology that combined observation, interviewing,
and design feedback to come closer with the realities of reading.
We conducted a 15-patient study wherein patients were asked to
read through a recent progress note from their own care history
and to speak aloud about the aspects of the text that they found
difficult to engage with. Following the reading task, we spoke with
patients about how to improve the reading experience, introducing
mockups as probes to encourage reflection on concrete designs.

Our analysis of study sessions characterized three needs that
arose during reading. The first was directing attention, where the
information patients desired was often nested within an abundance
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of irrelevant information. The second was phrase-level understand-
ing, where patients had trouble understanding the terminology in a
note, and found some terms alarming. The third was tracing lines of
reasoning, where patients desired to understand how the clinician
arrived at a health assessment and what the clinician believed the
implications of lab and test results were.

Drawing together findings from the study, we articulate a vision
of the explainable note: an intelligent, interactive note that provides
integrated support for directing attention, phrase-level understand-
ing, and tracing lines of reasoning, on the basis of a patient’s goals
and knowledge. We base our vision in a set of opportunities for
augmenting note reading and writing interfaces that arose dur-
ing conversations with patients. We describe these opportunities
in detail, amidst considerations for preserving the original note’s
content and responsible integration of Al-generated content.

Altogether, this paper contributes a vision of the explainable note,
and opportunities for intelligent interfaces to support its creation
and reading, grounded in a qualitative study with patients.

2 BACKGROUND AND RELATED WORK

We begin this discussion with a primer on progress notes and their
contents. Then we discuss what is known about the experience
of reading notes. We then situate our findings amidst recent HCI
discourse about the affordances that reading tools should provide
generally and for clinical texts specifically.

2.1 Progress notes

A progress note is a healthcare document written by a provider to
record what took place during a visit or encounter with a patient.
Notes are typically written during a medical visit, and are often
edited after the visit. The contents of notes often adhere to the SOAP
format [76]: they contain subjective (S) observations of a patient’s
condition such as their spoken description of the symptoms they
present with; objective (O) measurements like vitals and lab results;
assessments (A) of the patient’s condition, including diagnoses and
prognoses; and plans (P) for how the patient’s care should proceed,
including prescriptions and plans of upcoming treatment.

Historically, progress notes have been written by clinicians to be
read by other clinicians, for the purpose of facilitating continuity
of care [1]. That said, for decades there have been calls among
patient advocacy groups, like the Open Notes movement [15], to
grant patients access to their own notes. Studies have shown myr-
iad benefits of reading one’s notes. Patients who read their notes
report being able to better recall the details of their visits [18, 22],
better understand their clinician’s thought process [25], feel greater
agency over their care [18, 52], and have greater confidence in the
care they receive [22]. In some cases, patients have been able to iden-
tify inconsistencies in their record or errors in their care [23, 41].
There is evidence that sharing notes with patients improves both
quality and safety of care [36, 77]. Patients and clinicians alike have
reported that care would be improved if patients have access to
their health information [22, 43].

For years, access to progress notes in the United States was
limited to healthcare systems that opted to share them with patients.
That changed in 2016 with the passing of the U.S. 21st Century Cures
Act, which required healthcare organizations to give patients access
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to their records, including progress notes [29]. Currently, patients in
all U.S. health systems are able to access their progress notes—either
by requesting them from their clinicians, or more commonly by
accessing them through online patient portals. The recent increased
availability of progress notes has spurred research interest in the
informatics of these notes (see, for instance, [8, 9, 43, 54, 59]).

2.2 The note reading experience for patients

Prior research has revealed some issues that arise when patients
read progress notes. For instance, patients have reported having
trouble understanding jargon in their medical records [17, 65]. (And,
it should be noted, even if a patient believes they understand medi-
cal terminology, they might still harbor misconceptions about that
terminology [70].) Patients desire help in interpreting quantitative
data in their record [21], such as labs and other diagnostic tests [17].
Patients have also requested help in identifying parts of notes that
can help them understand what has changed in their care [17].

The purpose of our study is to deepen our understanding of the
issues that arise while patients read their progress notes and outline
potential solutions. We characterize the above issues into a set of
three needs: directing attention, phrase-level understanding, and
tracing lines of reasoning. In Section 8.1, we crystallize where our
findings extend prior knowledge.

It bears mentioning that the level of confusion patients experi-
ence when reading notes seems to vary between patients. Some
studies suggest that the broader population of patients as a whole
do not find notes confusing, at least not to the extent of preventing
them from learning something useful from their notes [60, 64]. It
seems that patients who have more experience reading notes report
less confusion when reading them [18]. In one study, patients who
were older, less educated, unemployed or retired, or had lower levels
of self-reported health reported greater difficulty reading notes [60].
Our study samples heavily from two of these segments, namely
older adults who are retired. While patients in our study largely
reported not finding notes difficult to read, nearly all demonstrated
readability issues during the read-through activity.

The literature documents other points of friction in reading notes.
Sometimes, medical notes contain mistakes [8] and inconsisten-
cies [38]. In one study, patients reported 40% of these mistakes as
serious [8]. Notes sometimes contain stigmatizing language of the
kind that might alienate a patient [56]. Furthermore, some patients
report worrying or becoming upset as a result of reading their
notes [6, 60, 61]. Our study discusses the latter issue as it relates
to understanding phrases in notes; we leave the other issues for
deeper consideration in future research.

2.3 Intelligent Uls for reading progress notes

The focus of this paper is on understanding how patients can be
aided in reading their notes with intelligent interfaces that support
their creation and reading. The HCI literature offers inspiration for
what affordances such interfaces might have. This paper considers
these affordances as a starting point for investigation.

Recent HCI research has investigated challenges that arise during
reading tasks with the intent of motivating the design of intelligent
reading interfaces. Perhaps most relevant to our work, August et al.
[5] observed healthcare consumers as they read medical research
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articles. They observed that participants had trouble understanding
jargon, hindering their ability to read passages filled with such
terms. Participants were not sure what to read in the article, or
where to find information that they knew they wished to find. We
suspected many of these challenges had analogs for readers of med-
ical notes, and in fact our study showed these challenges and others
manifesting in particular ways in notes. Other studies outside of
the medical domain have shown readers having trouble understand-
ing terms [26] and hidden details [55]. Additionally, readers have
questions about facts, reasoning about document contents, obtain-
ing document overviews, and accessing external resources while
perusing documents [30]. These studies have spurred systems de-
velopment in intelligent interfaces to address those issues, and we
hope our study will do the same in the domain of medical notes.

We draw inspiration from research that has proposed how in-
telligent interfaces can help people read difficult texts outside of
the setting of medical notes. A recent useful framing is provided
by the Accessible Text Framework [27], which proposes that read-
ing interfaces be augmented with new ways to compress, expand,
experience, and review text. Among the proposed affordances are
the ability to summarize and prioritize passages, reduce reading
volume, apply lexical simplifications, and explain context relating
to a passage. Many of these affordances map to the needs our study
characterizes and the opportunities for design we propose. Where
our paper goes further is in describing what such affordances would
need to look like in the context of medical progress notes. Specifi-
cally, we detail for what passages they would be activated, and delve
into the intricacies of what it would take to provide meaningful
support for reading progress notes.

Myriad recent HCI systems have embodied affordances that, if
adequately tailored, could support the reading of progress notes.
These systems have provided support for readers to access def-
initions of terms and symbols [26], skim documents [5, 20, 42],
navigate them [5], annotate passages [74], take and manage notes
across documents [34, 35], access supplemental material related to a
passage [13, 32, 37, 57], preview the contents of cited material [57],
and get answers to their questions within-document [30, 85]. Many
of these affordances could support the reading of progress notes.

Patients might also be better supported in learning their notes
if they had better tools to understand the health data within them.
Health data has been characterized as difficult for patients to under-
stand [19]. Interfaces have been proposed to scaffold understand-
ing of health data by providing deeper connections from natural
language descriptions to elements of health visualizations [75],
supporting collaborative reflection on data with healthcare pro-
fessionals [48], and making the causes of symptoms more visible
to a patient [68]. Interactions like these could serve as interaction
primitives for understanding data in progress notes, if the data is
sufficiently important and prohibitively complex.

The purpose of this paper is to highlight the medical note as
an apt site of augmented reading and sensemaking. Furthermore,
we elucidate what it means to tailor known HCI interactions to
the note, answering questions like what content should be empha-
sized, what good definitions might look like, and what kinds of
questions readers might need to have answered. We highlight our
key takeaways for design in Section 8.1.

CHI ’24, May 11-16, 2024, Honolulu, HI

A related line of work has explored how interfaces might help
clinicians read clinical notes. This work is in part motivated by the
considerable amount of time clinicians spend reading clinical notes
(by one estimate, around 15% of a clinician’s working hours [2]).
Notes have been described as causing issues of information overload
and underload (i.e., the absence of needed information) [7]. An
additional challenge is that notes contain a great deal of duplicated
and templated text [62, 81] that clinicians must sift through.

To address these challenges, the HCI and medical communities
have proposed interfaces that help clinicians read notes, many of
which have affordances that could map nicely to the situation of pa-
tients reading as well. For instance, these systems help clinicians dis-
ambiguate medical acronyms [53], look up vitals or lab results at the
site where it is described in the note [53, 80], highlight passages of
a note related to a medical concept of interest [67, 71, 73], navigate
between semantically-related passages in consecutive notes [71],
review how test results have changed over time [45, 72], review
automated medical recommendations [67], pull up decision support
tables [67], visually assess which test results are out of range [45],
retrieve relevant medical images [11], and skim [72]. Our study
suggests that patients would appreciate similar features to some
of these in their reading interfaces with appropriate adaptations,
namely that they may need additional support for phrase under-
standing and interpretation. We outline those opportunities, empha-
sizing the patient’s perspective throughout our characterization.

Prior work has also augmented clinicians’ writing tools to assist
in writing quality notes. These systems assist in the entry of repeti-
tive text [53, 63], support annotation of the medical record [72, 78],
and help clinicians embellish notes with graphics, handwritten
notes, and transcripts of conversations with patients [78]. They
have also supported the automatic generation of patient-friendly
views of notes [67]. Our paper briefly discusses the role augmented
writing tools could play in supporting the creation of notes that
will be more readable to patients.

3 METHODS

To crystallize the vision of explainable notes, we conducted a quali-
tative study with interview, observation, and design feedback com-
ponents. The study was designed to answer two research questions:

RQ1: What are the needs of patients when reading their medical
progress notes?

RQ2: How could interfaces to progress notes be designed to
address these needs?

To answer these questions, we designed the following study.

3.1 Participants

15 patients were recruited from a patient and family advisory coun-
cil (PFAC) at the University of Pennsylvania Health System. The
leader of the PFAC reached out to potential participants on our
behalf. Those who were interested in participating reached out
directly to our research team. Thereafter, we recruited additional
participants through snowball sampling. As a result, 13 of 15 par-
ticipants were PFAC members and 2 were not (though all receive
care from the same healthcare system).
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14 of 15 patients provided demographic information. Of these,
57% identified as female and the rest (43%) as male. Ages ranged be-
tween 23 and 84 years old, with a median age of 62. 78.6% reported
their race as Caucasian/European/White, 14.3% as Black/African
American, 14.3% as Asian, and 7.1% as another race or ethnicity.
About half (7) self-described as retired, and 2 as semi-retired con-
sultants; 2 described themselves as clinical research coordinators;
1 as an auditor; 1 as a housewife; 2 as a teachers/consultants; and
1 as self-employed. Our sample therefore heavily represents older
adults and retirees. While it underrepresents other groups, we note
that this group tends to make heavy use of the health system and
for that reason may find particular value in access to notes.

Patients were managing a wide variety of conditions, within
the specialties of pulmonology, cardiology, ophthomology, and
lymphology, among others. Eight patients were managing chronic
conditions. Patients were also asked to comment on their prior
experiences with progress notes. First, they were asked how often
they checked their progress notes. 20% had never checked their
notes before, 53% checked their notes less than monthly, 7% checked
their notes on a weekly basis, and 13% checked their notes on a
daily basis. Altogether, patients reported a relatively high degree
of understanding their notes: on a 5-point Likert scale (where 5
indicated strongly agreement that they understood the content of
their clinician’s notes), 33% reported a comprehension level of 5,
33% alevel of 4, and 13% a level of 3 (the remaining 20% had not read
their notes before). We note that while patients largely reported
understanding their notes, nearly all pointed out passages that
caused difficulty during a reading task. Individual patient profiles
(including age, gender, ethnicity, kinds of medical conditions, and
note reading experience) appear in Appendix Table 1.

3.2 Procedure

Prior to study activities, we undertook ethics review with our insti-
tution’s IRB. Study sessions lasted for one hour each. Each session
took place over Zoom, so patients could participate from a location
that was comfortable to them. Study sessions lasted for one hour
each. Each session consisted of three parts:

1. Briefing. We defined what a progress note was and told the
patient the purpose of the study. Participants were asked for their
consent to participate, and for their consent for us to record audio
and screen recordings from the session.! They were told that the
researchers were not affiliated with their hospital system or their
medical providers. Then we asked the patient to describe why they
read their progress notes (if they have done so before).

2. Observed reading task. To better understand the needs of pa-
tients when reading progress notes, we observed each patient as
they read one of their recent progress notes. The patient logged
into their patient portal and selected a recent progress note. They
were asked to prioritize a note that represented a recent, significant
visit. Then, they read the note. As they did so, we asked them to
narrate which parts of the note contained useful information, and to
describe the parts of the note that were particularly difficult to un-
derstand. We often asked follow up questions to better understand

!Following the study, we additionally contacted and obtained consent from individual
participants whose notes we wished to excerpt in this paper.
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the nature of the difficulties encountered. The patient shared their
screen so they could point to specific passages they were discussing.
Throughout this and the next stage of the study, we took the duty
of care measure [3] of encouraging patients to speak with their
healthcare providers if they had negative reactions to information
in their note; we did this with two patients.

3. Interviews assisted by mockups. We then conducted a semi-
structured interview with the patient to discuss how notes could
be augmented to support their reading. We began our conversation
by reviewing challenges that arose during the reading task. As we
discussed each challenge, we also asked about solutions.

Patients sometimes volunteered their own ideas for solutions.
To deepen our conversation of solutions, we sometimes showed pa-
tients mockups (i.e., still image prototypes) of augmented notes that
we had created before hand, if they related directly to issues brought
up in the conversation. When we showed a patient a mockup, we
asked the patient if the mockup would have helped them in their
reading, and what could make it more useful. To reduce anchoring
bias, we only showed a particular mockup after a patient volun-
teered a relevant reading obstacle. Mockups were created using
excerpts of progress notes from MIMIC-III [33], a publicly available
clinical database comprising deidentified health records.

Mockups were developed for the following preliminary ideas:

e summary: an example jargon-heavy passage was augmented
with an Al-generated summary paraphrasing the passage in
more patient-friendly language.

e diagnosis explanation: a mention of a diagnosis was aug-

mented with an Al-generated note in the margin that ex-

plained how a clinician arrived at a health assessment, writ-
ten in patient-friendly language.

lab interpretation: a lab result found in the note was aug-

mented to highlight which of many lab results were pertinent

to a patient’s diagnosis, with Al-generated explanations de-
scribing the significance of values that fell outside of normal
ranges.

o testimonial: a mention of a medical condition was aug-
mented with a margin note showing excerpts of a patient-
written testimonial (e.g., as if scraped from Reddit) describing
a patient’s experience with that condition.

e messages of comfort: a concerning term (an undesirable
health condition) was augmented with a message from a
clinician stating that the patient need not be worried about
having this condition.

Collectively, these mockups were designed to address challenges
we had identified from the literature and pilot interviews, including
understanding jargon [17, 65] (summary, testimonial), navigating
cluttered content [7] (summary, lab interpretation), interpreting
data [17, 21] (diagnosis explanation, lab interpretation, messages of
comfort), and interpreting alarming information [6, 60, 61] (tes-
timonial, messages of comfort). Appendix A.2 shows images and
explanations of each mockup. The correctness of information in
mockups was verified by a member of the author team who is a
board-certified physician. Following the conclusion of the study,
patients were given $25 USD as compensation.
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3.3 Analysis

Our study yielded four kinds of data: audio recordings, screen
recordings, patient’s responses to the background questionnaires,
and the researchers’ notes. We aimed to uncover the needs of pa-
tients during the note reading process and potential solutions. To
do this, we conducted a thematic analysis on the researchers’ notes
and the audio transcripts, referencing screen recordings for addi-
tional context when needed [10, Chapter 5]. Initially, one author
created a set of codes through an open coding pass. Then, a second
author reviewed these initial codes, collaborating with the first to
refine the codebook. This refinement process involved removing
codes that did not significantly contribute to understanding patient
needs or suggest improvements to note-reading technology, such
as codes related to inaccuracies in notes. The final codebook con-
tained nearly forty codes. For validation, we engaged in detailed
discussions at every stage of analysis, prioritizing collaborative re-
view of the coding for its accuracy and consistency. This approach
was chosen over calculating inter-rater reliability (IRR) because
the detailed nature of the codes and the need for context-aware
discussions offered richer insights [50].

4 FINDINGS

In the next three sections, we report our findings. The first section
sets the stage by clarifying the value of reading progress notes as our
informants saw it. The second section characterizes three patient
needs that arise while reading progress notes, and explores opportu-
nities to address these needs. The third section offers considerations
into how to responsibly augment notes to support patient reading.
Section 8.1 clarifies that our findings deepen the understanding
of patient needs and outline how to address them in relation to
prior work. Our findings are supported with anecdotes, quotes, and
images from patients’ notes. When excerpts of notes are shown,
they are de-identified. Patients are referred to with pseudonyms
P1-15. Quotes were lightly edited for brevity and clarity.

5 PREAMBLE: WHY READ PROGRESS NOTES?

Patients commented on aspects of progress notes that they found
valuable. We describe them here to highlight what kind of outcomes
would be achieved better if patients receive adequate support for
reading their notes.

Recalling details from a visit. For many patients, progress
notes were valuable because they helped them recall details from
their visits (N = 5). P15 described that when they read their notes,
“...I don’t remember for sure some specific thing, and I go back to
look to see if it’s there.” Sometimes, patients noted that they were
not in a place during their medical encounter to be fully present
with their clinician. For example, P12 described that notes were
helpful for reviewing their clinicians’ impressions and particulars
of medical procedures for which they had been “drugged up”

Some patients described that their care was handled by multiple
clinicians (N = 2); for one participant, their clinicians belonged to
multiple distinct health systems. For these patients, health records
provided a means to self-educate about one’s care enough to convey
what they had learned from one clinician to the other clinician.
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Assessing common ground. Patients might not know whether
they left a visit on the same page as their clinician. Patients de-
scribed one benefit of progress notes as letting them check that what
they shared was correctly interpreted, and that their takeaways
from the visit matches those of their clinician (N = 3).

Learning the subtext of a visit. Notes were seen as helping
patients learn about aspects of their care that did not come across
during the visit. In some cases, notes could convey a clinician’s
honest opinion—what P2 referred to as their “actual, unspoken
opinion”—which they felt clinicians may have chosen to hold back
(N = 2). Notes could also convey the attention that had been given
to the patient’s care (N = 2), or could help a patient “feel seen”
(P1). For P8, reading progress notes helped them understand the
work their clinician was doing behind the scenes; their note showed
some of the work that the clinician had done to prepare referrals,
communicate with other clinicians, and order medications, among
other tasks. P11 was reassured to see the efforts their clinician had
taken to collaborate with other clinicians, and to see their clinician
acknowledge their limits in their understanding of P11’s symptoms.

6 NEEDS AND OPPORTUNITIES

The main outcome of our study is a characterization of three needs
that arise when patients read progress notes, and detailed observa-
tions of how they could be effectively addressed. Each need below
is described in terms of a problem and the opportunities it entails. In
general, the observations we share in the problem sections follow
from patients’ thinkaloud reports, reflections on the reading task,
and reflections on past experiences with notes. Observations in
the opportunities sections generally arose from discussion of the
mockups. We explicitly state in the text whenever this is not the
case. Below, we describe the three needs:

6.1 Directing Attention

The problem. Notes were written in a way that obfuscated in-
formation that patients cared about. Patients described their notes
as a “dump” (P1), “pages of kind of mush” (P2), and a “long block of
text” that “bogs you down” (P4). For many patients, the information
they found most informative related to the clinician’s assessments
of their condition, and plans for their upcoming care (N = 3). This
information was often buried in the note, appearing at the very
bottom as might happen if a note is ordered according to “SOAP”
convention (see Section 2.1). Patients therefore sometimes scrolled
through considerable amounts of irrelevant information before find-
ing information that was useful to them. P10 pointed proposed an
alternative organization:

I would almost rather see the assessment and plan at
the top, because why should I have to scroll down to
the bottom to figure out what I need to be doing?

Many patients pointed out parts of their notes that felt irrelevant
(N = 4). Their notes appeared like the clinician was trying to
“write down everything” (P9). Sometimes information was irrelevant
because it was simply already known the patient. As P9 put it:

I don’t need to know what my prescriptions are, I
know that already. It’s a lot of information, and she’s
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simply writing down what I told her. I don’t want to
be reminded of everything.

Sections of the note that some patients found irrelevant included
the past medical history (N = 4) and medication lists (N = 2). One
such medical history section is shown in Figure 1; passages like this
could be dense and long. Patients frequently believed that parts of
their notes were copied from other places in their record (N = 3),
or from different sections of the same note (N = 1). Sometimes,
the included information felt extremely dated. P14 described a case
where their clinician referenced a finding from about 60 years prior
and asked “who cares now?” P10’s note included pages of pasted
text about their pancreatic cancer history copied from prior visits
that spanned from weeks ago through about 8 years prior.

Patients also described skimming their notes (N = 2); P4 felt
that clutter led them to skim (N = 1). Additionally, patients shared
concern that they might miss something important if they did skim
(N = 2). P13 for instance described that “I might miss stuff because
I’'m thinking there’s nothing else there but really they hid a little
special thing... like the first [note I read], where they had upped [the
dosage] from 2,000 a day to 4,000 a day.”

Opportunity: Automatically emphasize important content.
One role that intelligent interfaces could play in helping a patient
read notes is in directing attention to the content that will be im-
portant to a patient. As P15 put it, the patient could receive help
“differentiating what’s relevant and what’s not, so that I know I can
kind of skip unless I want to review where we’ve been and where we’re
going.” One aspect of the mockups that resonated with patients was
their use of standard visual emphasis primitives like bolding, high-
lighting, and font choice to make important text stand out (N = 2).
Some of these affordances are already in notes—for instance, P10
pointed out that certain lab results were highlighted to indicate
results that were out of range, and appreciated that “I won’t have to
do a lot of work there because they highlighted the numbers that are
different now.” Patients desired similar emphasis of other kinds of
information. P8 believed that the lab interpretations mockup (see
Section 3.2) would “answer a lot of questions” highlighting the subset
of tests that were relevant to a patient’s diagnosis. P15 suggested
that medication lists also be styled in a way to draw attention to
those prescriptions that changed in dosage since prior visits.

Opportunity: Automatically deemphasize insignificant con-
tent. Patients also envisioned reading experiences where irrelevant
parts of the note were deemphasized. As noted above, during the
reading activity, patients often found sections like prior medical
history and medication lists to be irrelevant. P9 called for such
information to be removed from the note wholesale:

Take out the medical history unless we discuss it. Take
out the demographic information... I would expect
the notes to be tailored to this exchange...they’re not.

Other patients envisioned forms of deemphasis that preserved
the original content. P2 asked for a note where they first saw high-
level takeaways about the visit, and then could access details af-
terwards on-demand. P6 proposed initially hiding some classes of
information by default and making them accessible by clicking
simple labels, stating that “allergies and medication you’re on makes
going through the note a little tedious. You can put in something like
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Past Medical History:

1) SSS (sick sinus syndrome)

2) VT (ventticular tachycardia)

3)  Nonischemic cardiomyopathy

4)  Ventricular tachycardia

5)  Hypetlipidemia

6)  Automatic implantable cardiac defribillator in situ

7)  Non-ischemic cardiomyopathy

8)  Cardiac sarcoidosis

9)  HTN (hypertension)

10) Type 1I or unspecitied type diabetes melititus
without mention of complication, not stated as
controlled

11) Elevated LFTs

12)  Awaiting organ transplant

13) Squamous cell carcinoma in situ of skin

14) Malignant melanoma of skin

Figure 1: A passage that was seen as irrelevant by P14. In their
words, “Most of these are not issues...because a lot of this stuff
went away because of the transplant. Every time I see this past
medical history it definitely makes me a little nuts because it’s in
the past... what about what’s happening today?”

‘click to see allergies’ and ‘click to see medications’ and ‘click to see
past surgeries.”

6.2 Phrase-level understanding

The problem. The most frequently reported impediment to read-
ing was jargon. 14 of 15 participants pointed out jargon in their
note that they found difficult to understand. Notes were described
as using “dense verbiage” (P10) and that “you have to be extraordinar-
ily literate to get some sense out of this” (P4). Jargon took the form
of either medical words and phrases, or acronyms. 6 participants
pointed out an acronym that was difficult to understand.

Understanding jargon was described as a “constant headache”
(P10). One reason is that unfamiliar terms did not appear on their
own, but rather as parts of passages with lots of jargon. Consider
P11’s experience when reading a passage that noted “an isolated
small ulcer at the ileocecal valve, and mild congested mucosa in the
rectosigmoid colon with some cryptitis without changes of chronicity”:

I don’t know what an “ileocecal valve” is, I'll probably
have to look that up. I don’t really know what “crypti-
tis” is either, and at this point I'm just like whatever...
I don’t know what any of it means.

Consider also the jargon-heavy passages that P12 was reading,
shown in Figure 2. Here, the patient reviewed the notes their clini-
cian had taken on a pre-operative cardiac risk assessment that had
been performed. The outcome of the assessment is made up of a
number of observations, all written in specialized terms that refer
to procedures (e.g., “lateral right tubutlar microdisectomy L5-2"),
observations (e.g., “significant cardiac arrhythmias”), and measures
(e.g., “RCRI”). The passage as a whole is difficult to understand, not
to mention the specific phrase “dyspnea on exertion” that P12 had
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Pre-operative cardiac risk assessment:

The patient is planning to undergo lateral right tubular
microdisectomy L5-2 in the near future. He does not
have any active cardiac conditions including unstable
coronary syndromes, significant cardiac arrhythmias,
decompensated heart failure, severe valvular stenosis.
He does note dyspnea on exertion with <4 METS of
activity so I recommended a pre-operative
pharmacologic nuclear stress test. If the stress test is
negative for ischemia, he may proceed with the
planned procedure without additional testing. His anti-
platelet therapy [aspirin] can be held for 5-7 days
before his planned sutgery/procedute and can be
restarted the day after if there is no bleeding. See
RCRI scote below.

Figure 2: A passage from P12’s progress note that makes
heavy use of jargon. Medical terms and acronyms are highlighted
in blue to emphasize the use of jargon; this single passage makes
use at least a dozen medical terms.

singled out as something that they felt was important to understand.
Some participants described giving up on trying to read a passage
after encountering a lot of jargon (N = 2).

During our analysis, we believed that at least 3 participants mis-
interpreted the meanings of acronyms in their notes. For instance,
P2 did not know the meaning of “ED” (which likely stood for “emer-
gency department”). They hesitated to look up the meaning of the
acronym on the web because they expected there would be multiple
expansions of the acronym and no easy way to tell which one was
correct. Eventually, they mistakenly concluded that the acronym
might be related to the procedure they underwent during the visit.

Several patients described that they might look up the meaning
of a phrase, for instance by using web search (N = 3), though we
note that this may not be an adequate solution. As P2 pointed out,
some medical terms have multiple meanings, of which only few are
relevant to them. Some patients furthermore reported that they did
not feel equipped to read the medical literature online (N = 2).

It was not uncommon for some of the words and phrases in a
note to be worrisome (N = 4). P4 described how some phrases grab
one’s attention, sharing that when clinicians “say a word like lesions,
cancer... then it’s like you can’t ignore them.” Phrases were described
as setting off “alarm bells” (P9) or “red lights” (P10). Sometimes, it
was exacerbated by the clinician styling text in a way that suggested
concern, such as highlighting text in red (see Figure 3). P14 pointed
out a passage where the clinician referred to them being at high
risk for a condition referred to by an acronym:

I see this sentence: ‘The patient is at high risk for DM
Well I don’t know what that is, so yes it’s concerning
but it’s not [supported with more details]. I would
take this to my PCP and ask her if she’s in agreement
that 'm at a high risk for whatever this is. And if so,
how come [she’s] not telling me to [alter my behaviors
or] calling the transplant team and telling them about
my activities?
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Phrases like these might be particularly useful to help patients
understand the significance and implications of the medical assess-
ments found in their progress notes.

Opportunity: Provide context-sensitive definitions of terms.
Given how often patients spoke of jargon, it seems patients would
benefit from easy access to definitions of unfamiliar terms and
acronyms. Perhaps patients could be allowed to look up definitions
right alongside the text. This was suggested by P5 after viewing
the diagnosis explanation mockup when they asked, “when there are
acronyms like HTN, could I just highlight that and see it?”

That said, there is considerable nuance in providing definitions
in a way that is useful. P5 had clarified that sometimes medical defi-
nitions were not tailored to the patient; in the past they had looked
up definitions and found it “pretty useless because it was a blood test
[and] they have all these different measures but they don’t properly
explain what it’s measuring.” If an acronym has multiple senses, as
we observed sometimes happens above, the correct sense needs to
be found. And furthermore, definitions should ideally be written
in terms that match the context of the note. P15 described a prior
experience reading a medical definition that was technically correct,
but contextually inappropriate. They had looked up a medication
their clinician had mentioned in their note called Atorvastatin in
order to understand why it was prescribed. The definition told them
the medication is typically used to mitigate high cholesterol, but
because their visit was meant to address an eye infection, the medi-
cation appeared irrelevant. What the patient later learned was that
cholesterol sometimes affects eye dryness. Without this context,
the description of Atorvastatin was befuddling.

What is more, we note that not every patient requires help un-
derstanding the same terms. While many patients desired help
understanding terms that were considerably specialized, others
desired help for terms that have entered everyday lexicon. For in-
stance, P15 told us that “I even have to look up * cataract’ every time
I see it because I use it so infrequently that I can’t keep it in my head
what it is.” As a whole, it seems that for definitions to be useful,
they should define terms unfamiliar to the reader, in a way that is
in and of itself jargon-free, and sensitive to the context of the note.

Opportunity: Incorporate abstractive summaries. Another
method to help patients cope with jargon is to eliminate it alto-
gether by supplying patients with more readable summaries of
their notes’ contents. Some patients (N = 3) appreciated the plain
language explanations in the summary mockup. P2 shared that
such explanations are particularly helpful when the jargon-dense
information appears alarming:

By giving you more information in a readable format
and not confusing you, it’s gonna at least calm me
down so I can wait a few days and hopefully get to
the doctor by the end of the week...if you read an ex-
planation in easier language to understand...it would
be very helpful.

6.3 Tracing Lines of Reasoning

The problem. Patients often felt they did not understand the
significance of information in their notes. They desired interpreta-
tion and contextualization of the kinds that could only come their
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Type 2 Diabetes: Pt is at high
risk for DM complications,
included but not limited to
retinopathy, neuropathy, and
nephropathy, the patient is also

at high risk for CV event. LAD territory.

Kambhamettu et al.

... there was a small sized, Right Left
moderate intensity, fixed

perfusion defect in the

apical septal wall consistent Lens
with infarct in the distal

2+ Nuclear
sclerosis, diffuse  diffuse cortical cataract
inferotemporally

2+ Nuclear sclerosis,

cortical cataract

Figure 3: Many patients found terms that attracted their attention, sometimes in a negative way. Pictured are three passages from
P12, P14, and P15. Phrases that attracted patients’ attention highlighted in blue. The red color of the text in the last pane (for “2+ Nuclear
sclerosis...” was added by the clinician, which is what triggered alarm for the patient.

clinicians, or others with shared health experiences. Most patients
expressed a desire for more context from their clinician about infor-
mation in their note (N = 8). This was described as understanding
the thought processes (N = 2) of the clinicians, or “getting in the
doctor’s head” (P2). Some patients desired more insight into the next
steps to take in their care (N = 4). Others wanted to know why a
lab or test result was ordered (N = 3). Others wished for an under-
standing of how lab or test results related to a diagnosis (N = 4),
perhaps in order to better understand that diagnosis (N = 2). Some
examples of missing context and subsequent questions patients
desired to be answered in their notes are described in Figure 4.
P8 described frequently reading assessments in his notes to learn
about their diagnosis of prostate cancer, and attempting to reconcile
results with what it meant for the severity of their condition:

[My clinician would write that] the next step is a
biopsy. They didn’t talk much about the Gleason scores
or what they were. That was never communicated to
me. I got that through digging through other treat-
ment reports. I found out that the score generally
gives you an idea of how aggressive the cancer is.

This experience was representative of several other patients,
who also wished to understand the implications of a test result.
P15 described finding a test result in their note that had been high-
lighted in the record—and so presumably had drawn the clinician’s
attention—but it had not been explained to them. In particular, a
portion of the results for a slit lamp eye exam was highlighted in
red, reading “2+ Nuclear sclerosis” (see Figure 3 right side):

I want to know what [the clinician is] seeing and
what it means. Is it something to watch out for? Is it
important to get rid of it? What does it mean to your
future, what is there to do about it?

Opportunity: Provide the missing interpretation. Perhaps
notes could be augmented in a way that integrate the interpretation
that patients desired into the note. P9 described one vision of what
such interpretation to look like:

This is what I want: ‘T let the patient know she has this
kind of cancer because her score is X. Her prognosis
is Y. This is the treatment plan I'm recommending.’ I
want a translation of what’s next for me.

In other words, the patient wanted a (notably brief) statement
of the clinician’s thought process, connecting a test result to a

prognosis and a set of next steps. Our lab interpretation mockup
(Section 3.2) addressed this issue, and was seen as providing com-
patible information to what was desired. In the words of P8,

[The design from this mockup] would really answer a
lot of questions. .. it says what the recommendation is.
I particularly like how the explanation explains why
the clinician ordered the test, what it means given
your past medical history it’s linking back [to], and
what the prognosis is and the next steps.

Opportunity: Incorporate messages of reassurance. Some-
times, notes lacked the interpretive layer necessary for patients to
fully grasp whether certain phrases, which might appear alarming
(see Section 6.2), were genuinely cause for concern. In these cases,
notes could be augmented to provide assurance around alarming
information. Patients seemed to desire more direct connection with
their clinician within the notes. This was evident in their appre-
ciation for a personal tone from clinicians, either observed in the
actual notes or demonstrated in the mockups (N = 3). Specifically,
P11 appreciated messages in the reassurance mockup that conveyed
good bedside manner, aligned with the note’s clinical content:

I understand the need for clinical explanations in the
assessment, but the gray box [in the mockup] adds
that bedside manner... like ’this is what we really
need to focus on’ and ’this is what we’re going to do,
T'm going to follow up with you,” and 'when I am
going to do x, y, z..” I think that is very helpful.
I'love this.

Opportunity: Connect to second opinions. In some instances,
patients felt that the interpretation most beneficial to them may
not come from the authoring clinician, but rather specialists in
other fields (N = 3). Managing one’s care could require curating
an understanding that spans multiple specialties. For instance, as
noted in Section 5, patients like P6 have emphasized the importance
of avoiding “tunnel vision” by their primary clinicians. P6’s con-
dition intersects multiple specialties, which made it necessary to
“acknowledge the other specialties’ opinions to find the right plan for
me.” This multi-faceted nature of patient care suggests a potential
improvement in how progress notes are constructed and used. A
more holistic approach might involve augmenting notes to provide
patients with broader, more contextual perspectives. P2 described
this as “getting around the things that [the clinicians] don’t know
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. TRANSTHORACIC ECHO
HPI: Biopsy from 12/24/20: (TTE) COMPLETE 6/2022
Patient feels the vision has been 1. Right breast, core biopsy: Benign The left ventricle is normal in size
pretty much the same following the fatty breast tissue, no tumor seen. There is severely increased wall '
last exam. Although notices variable 2. Left breast, core biopsy: Infiltrating y

changes which tends to improve
through blinking. Negative eye pain,

to start Atorvastatin. (score 0)

Q. Is “negative eye pain” a good
or bad thing?

Q. What prognosis is suggested by
the score?

thickness consistent with severe
concentric hypertrophy. LV IVS
measures 1.8 cm. LV posterior wall
measure 1.6 cm. There are no
segmental wall motion abnormalities.

well differentiated duct carcinoma
with focal lobular feature
discomfort, flashes, or floaters. Due 3. HER2 oncogene expression: NEG

Q. Why does this TTE
test matter?

Figure 4: Patients read passages that they knew were related to their care, but they did not understand their significance. Pictured
are passages from P15, P9, and P12, and the questions that they raised for each patient.

and understanding things in context.” P5 suggested one solution:
providing “recommendations about following up on details, or con-
sulting with other members of the medical team.” By integrating
advice on whom to consult or how to follow up, progress notes
could become a more dynamic tool, offering guidance beyond the
immediate clinical encounter, and in turn help patients trace lines
of reasoning across a larger health system.

Opportunity: Relate to other patients’ experiences. Patients
saw value in the perspectives of other patients. This became appar-
ent when they commented on the testimonials mockup. P8 artic-
ulated that seeing testimonials from patients with similar health
backgrounds can expand one’s view of available options for their
care. They desired an understanding of “all my options so I can
decide what I like and what I don’t like, what I don’t understand,
see what decisions I can make.” P8 imagined it as being particularly
useful to compare their condition’s progression to others’ and learn-
ing of the treatments others had undergone. P6 similarly saw the
value of testimonials in the suggestions they might yield for better
understanding or relief. P8, however, expressed a preference for
keeping patient-sourced information distinct from the main body
of the note to avoid “muddying up” the clinical content.

7 MINDFUL AUGMENTATION OF NOTES

Our conversations delved into two issues that have bearing on any
augmentations to progress notes:

Preserving the original text. While patients spoke about aug-
mentations to their notes, we recognized they often suggested
modifications that wouldn’t alter the original text, such as hiding
rather than deleting irrelevant sections (Section 6.1). The progress
notes’ value partly lies in revealing clinicians’ straightforward eval-
uations (N = 3, see Section 5). P9 emphasized the significance of
understanding her diagnosis and life expectancy from the clini-
cian’s viewpoint, stating, “To be quite honest, I'm looking for facts.
[Facts] are reassuring, even if [they aren’t said] in a reassuring tone.”
Hence, we posit that enhancements to the reading experience must
maintain access to the original text to preserve these benefits.

Perspectives on incorporating Al Given contemporary con-
cerns about hallucinations in Al-generated texts, we anticipated

patients would uniformly be resistant to our suggestions of using
Al to support the reading of progress notes. While some patients
were indeed resistant to the idea, others welcomed it (N = 4).
For instance, P2 conveyed great enthusiasm for the automatically
generated summaries of notes in the summary mockup, telling us,
“I'm a believer in artificial intelligence... if you can get from the left
paragraph [a note’s assessment and plan] to the right paragraph [gen-
erated summary] using Al I think that would be fantastic” Patients
appreciated the idea of Als that explained the reasoning behind a
clinician’s decisions regarding patient care (P14) or framed content
in the note “to make it less alarming” (P9).

Other patients were more skeptical, anticipating that Als would
make errors. P14 channeled a concern that Als may generate in-
correct interpretations of the note, stating that “the concern is that
we’re relying too much on that, and taking something out of the mix,
and it may be a different, maybe, and an inappropriate interpretation
of something because it misinterpreted someone’s intent.”

Some patients therefore anticipated that Al-generated text would
need to be edited (P5) or reviewed by the clinician (P14). And if
clinicians did not play an active role in reviewing the text before
it was shown to the patient, they should at least be made aware
of the Al-generated text after the fact (N = 2), so that they know
what information patients are using to self-inform about their care.

8 DISCUSSION
8.1 Summary of findings

Our study characterized three patient needs that arise when reading
progress notes. These needs are directing attention to aspects of a
note that are important and away from those that are irrelevant,
supporting phrase-level understanding, and helping patients put
their notes in context by helping them trace lines of reasoning.

We then identified eight opportunities to address these needs,
by incorporating context-appropriate definitions of jargon, sum-
marizing irrelevant or verbose sections of the note, emphasizing
important information, de-emphasizing less important information,
filling in the gaps with necessary interpretations, linking patients
to providers with complementary perspectives, connecting patients
with others experiencing similar health journeys, and incorporat-
ing comforting messages from clinicians in sections that might



CHI ’24, May 11-16, 2024, Honolulu, HI

The patient is tired but non-
HT toxic appearing and has no
significant abnormalities in

Hypertension the individual examinations.

(HTN) is when...

define jargon incorporate summaries
We did not recommend

chemotherapy. |Why?
P} FERRITIN 20

HEMOGLOBIN 122 (low)

Ask your oncologist for their
mterpretation.

Test name Result

Here's why:

¢ Low breast cancer
recurrence score

« 3 positive lymph nodes

interpret

connect to other providers

Kambhamettu et al.

Test name Result

GLUCOSE, SERUM 172

BUN, SERUM 5 > Click to show hidden
CREATININE, SERUM  1.44 medication list
SODIUM, SERUM 136

emphasize the important deemphasize the rest

Patient Patient’s ,

would best . Doctor’s note:
presenting The chances of

benefit Testimonial: symptoms could  pneumonia

from “This really helped me be combination remain low. We

pulmonary improve my stamina of flu/ will revisit this

rehab. and strength...” - possibility in

read more RuCUmMOonid. one week.
relate to other patients reassure

Figure 5: A visual summary of the opportunities that presented in our study for intelligent interfaces to help patients read
their progress notes. Each pane corresponds to an opportunity detailed in Section 6. Some opportunities represent evolutions of ideas from
the mockups we brought into the study (incorporate summaries, interpret, relate to other patients, and reassure).

cause concern. A visual summary of these opportunities appears in
Figure 5, many of which show passages from patients in the study
augmented with affordances that might have helped them.

Our contribution is the crystallization of the three needs, and sup-
porting insights that deepen our knowledge beyond prior research.
Organized by need, these insights are:

Directing Attention. Our study describes issues of reading as re-
lating not just to vocabulary and interpretation, but in also directing
one’s attention. We characterize what patients wish to find in a
note—such as lab or test results, assessments, and plans—and the
passages they find to be distracting—such as medication lists, past
medical history, and physical examination sections. We refine what
it would mean to provide attentional guidance for notes by suggest-
ing the application of affordances for emphasis (e.g., as explored
by Fok et al. [20]) in a way that spotlights key information while
preserving access to the original note content.

Phrase-Level Understanding. Our study begins by reproducing
what is known—namely, that the terminology in notes can be hard
for patients to understand, and that such terminology includes both
words and acronyms. Then, we observe that difficulty arises not
just from understanding individual terms, but in understanding
terminology-dense passages—an observation made in prior research
studying biomedical research papers [5], though not yet in progress
notes. We characterize one challenge as the overloaded meanings
of acronyms, and observe cases where patients selected the wrong
meaning for an acronym. Furthermore, we bring new nuance to the
notion of generating useful definitions, recognizing that different
patients will need definitions for different terms, and that definitions
may need to be tailored to the contexts terms are used in.

Tracing Lines of Reasoning. We deepen our understanding of
how to help patients interpret their notes. Prior work stops short at
suggesting patient education for interpreting health-related num-
bers [21] and recommending patients be able to identify parts of

notes that signal changes in treatment [17]. We identify key in-
terpretation targets: next steps in care, reasons for labs or tests,
test implications, and connections between diagnoses and results.
We suggest affordances that may require going beyond traditional
biomedical QA approaches (e.g., [30, 85]), advocating for a inter-
pretation support that integrates passage analysis, clarification of
concerning terms, incorporation of second opinions, and connect-
ing patients to the experiences of others.

8.2 Envisioning the “explainable note”

Drawing on our findings, we see an opportunity to raise the profile
of the progress note as the target of study within the HCI commu-
nity. In this section, we introduce the notion of an explainable note
to draw together our findings into a single vision of an enhanced
patient experience. An explainable note is an augmented progress
note that provides integrated support for directing attention, sup-
porting phrase-level understanding, and tracing lines of reasoning.
It does so on the basis of patient goals and knowledge. The term
“explainable” is used both in the general sense of promoting un-
derstanding, and also in the sense often used in the computational
sciences of elucidating the reasoning between decisions, such as
health assessments. A note is made explainable through some com-
bination of augmented reading experiences for patients and assisted
note-writing experiences for clinicians.

Our vision of an explainable note is aspirational here, in that
some features may be out of reach, though we hope consideration
of them can help stage advances in biomedical NLP and conversa-
tions around its use in clinical settings. To convey what it might
look like to have a medical system that supported explainable notes
end-to-end, we reintroduce a situation from Section 6.3 where P15
encountered a phrase their clinician had highlighted in red and
which, to them, subsequently seemed alarming. With an explain-
able notes system, P15’s clinician, who we will call Dr. K, receives
support from their note-writing tool. As they highlight the finding
in P15’s slit lamp eye exam result in red, their note editor prompts,
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“Would you like to add an explanatory note for the patient?” The
Al suggests the following text: “The red text indicates findings con-
sistent with early changes in the lens of your eye, suggestive of
cataract formation” This is a concerning message perhaps, though
it is concrete in making clear what the risk is to the patient. Dr.
K reviews the message, adding a note that the team will discuss
management options during P15’s next visit.

Later, P15 opens their note in an augmented reading interface.
Their attention is guided to some of the most important informa-
tion in the note; the past medical history is hidden away behind
a clickable label. The slit lamp eye exam is not, however. P15’s
attention is directed, as before, to Dr. K’s red highlight in the table
of exam results. This time P15 notices the table cell is clickable.
They click on the cell to see the definition of the phrase “nuclear
sclerosis” and see that it is “the hardening of the eye’s lens, often
aresult of aging” They click Dr. K’s accompanying note, to see a
deeper interpretation of the result as reason for concern, though
one that the clinician is tracking nonetheless. Now P15 knows of
it as well. The explainable note has helped them rapidly consume
some of the most important information in their note.

8.3 Towards the explainable note

What would it take to develop an explainable note? Below, we take
stock of the affordances of the explainable note, and the kinds of
developments needed in HCI and Al to bring them about.

8.3.1 Cross-cutting hazards. A successful design of an explainable
note needs to acknowledge several tensions:

Al inaccuracies. One of the risks of using Al to augment med-
ical text is its potential to generate inaccurate medical informa-
tion [14, 24, 51]. Should generative Al produce inaccurate patient-
facing information, patients could make incorrect conclusions about
their care. The risk could disproportionately disadvantage those
marginalized by the health system, whom may not have the health
literacy necessary to critically evaluate generations. Given the po-
tential for harm, some have advocated that generated Al tools un-
dergo the same kind of review as medical devices, especially when
being considered for use in health applications [24]. We believe
that responsible development and implementation of explainable
notes will incorporate methods for minimizing inaccuracies and
mitigating their harm.

Clinician burden. Today, clinicians face considerable documen-
tation burden and high levels of burnout due to their increasing
clinical care needs and the cognitive burden associated with clinical
information management [82]. For explainable notes to become a
sustainable fixture of current health systems, they would need to be
developed in a way that minimize additional burden to the clinician.
Ideally they would reduce the need for patient portal messaging
and improve therapy compliance and clinic follow up rates, all of
which would improve the throughput of the health care system.

Patient burden. In the past, augmentations to texts have some-
times introduced new burdens, like cognitive overhead of under-
standing the augmentations [16].

Private information. Patient’s progress notes are considered pro-
tected data. As such, Al tools used in producing explainable notes
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must be incorporated into health information systems in a way that
gives providers and patients complete control over their privacy
and usage of their data.

8.3.2 Plotting a way forward. What trends in research suggest a
way forward in developing explainable notes, and what problems
need to be solved? Below, we describe a number of challenge prob-
lems, and how they might be addressed by HCI and Al research.

Definition. An explainable note should detect terms that a pa-
tient would like to understand, and provide context-sensitive defi-
nitions of those terms. Techniques for generating definitions have
continued to mature in recent years. Case studies of LLMs have
shown some ability to define medical terms [46]. Generated defini-
tions have been rated as somewhat high quality in human evalua-
tions [28], and some models have even been able to tailor the level
of complexity of definitions [4]. Recent HCI research suggests affor-
dances for definitions, i.e., with overlay tooltips [5, 26]; what should
be better understood is how to find what terms a patient would
want to know, and tailor definitions to the patient and context.

Emphasis. For an explainable note to direct a reader’s attention, it
needs to selectively emphasize and deemphasize content. Emphasis
and deemphasis can be accomplished, in part, with AI techniques.
Fok et al. [20], for instance, developed models for detecting impor-
tant passages in scientific texts. Techniques for aspect-based text
summarization (e.g., [83]) could be combined with chain-of-thought
generation approaches [79] to extract significant passages from a
note. As Fok et al. [20] note, such techniques may need to achieve
adequate coverage of a note to appear reliable. Moreover, it may be
that individual patients would desire control over which parts of
their notes are highlighted as their care evolves.

Longer generations. Our proposed explainable note incorporates
longer-form Al-generated content, like summaries of dense pas-
sages, interpretations of lab results, and (clinician-edited) mes-
sages of reassurance. Methods for long-form text generation have
advanced considerably in recent years. For instance, ChatGPT
has been shown to be capable of generating high-quality, highly-
accurate plain language summaries of radiology reports [31, 47],
and one recent model for biomedical QA [69] has produced answers
that are judged by clinicians to be superior to clinicians’ answers.

The challenges of incorporating longer generations into a note
are two-fold. First, they are likely to be context-dependent, so they
would need to be generated and verified for each patient. Second,
patients are likely to need many of them—i.e., perhaps one per
paragraph, and one per test result. What can HCI and AI do to
maximize readability, minimize inaccuracies, and mitigate risks of
inaccuracies? We describe several considerations below.

Factuality checking. Inaccuracies should be removed to the ex-
tent possible by automated means. This could be done with tech-
niques for reducing hallucinations, e.g., by detecting conflicting in-
formation in generated texts [39, 84], employing retrieval-augmented
generation [44], or filtering out inaccurate texts by using models
to classify factuality [49].

Organizational and social mitigations. Explainable notes should
be part of health systems that promote their responsible use. Access
to an explainable note might be contingent. It could be initially
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limited to low-stakes medical visits, and gated until a patient is
briefed by a clinician and they have demonstrated care in adhering
to the recommended plan of care.

Clinician in the loop. Perhaps the most challenging question
with explainable notes is what is asked of clinicians. Validation
from medical professionals is necessary for Al-generated medical
information when inaccuracies pose threats to patients. Future
research should more clearly characterize the kinds of generations,
and the circumstances, in which generated medical information
would pose such a threat. For instance, selective emphasis of text
may have less potential to mislead than a retrieved definition, and
yet less than a generated definition, or a generated paragraph.

When threats are posed and patients are not prepared for them,
a clinician would need to help create the note. In these cases, what
could reduce clinician burden? Text—including the original note—
could be produced with a collaborative text editing model (e.g., [58,
66]). The writing interface could be extended with affordances to
mark passages of concern and afford rapid verification (e.g., [40]).
These affordances might add clinician burden, though these burdens
can be reduced. Clinicians would see better return should some of
the assistance they provide be made applicable across notes, e.g., if
they were given tools to author deterministic rules for generating
interpretations of test results that had consistent interpretations,
or definitions that might apply well to patients within a particular
area of care and a specific level of health literacy.

8.4 Limitations

Several aspects of our study limit the generality of the conclusions
that we make. A first limitation is that our sample skews towards
white, retired older adults enrolled in a specific urban health system.
Our results likely underrepresent experiences of younger patients,
non-white patients, rural patients, those enrolled in other health
systems, and those with limited access to health care. Another bias
arises from participants’ membership in a patient advisory council;
these patients may have a disproportionately vested interest in read-
ing their progress notes and a higher level of health literacy than
other patients. Additionally, as members of an advisory council for
a health system, members might be particularly keen on changing
the health system or open to technology advances therein, where
other patients might be more resistant to change. Our characteriza-
tion of tensions and opportunities to improve note reading should
be considered as representative of the patients interviewed, though
not necessarily comprehensive.

A second limitation is that patients’ ideas for future note-reading
interfaces were potentially influenced by the mockups we showed.
Exposure to these mockups might have incurred an anchoring
effect, leading patients to focus more on the solutions we presented
rather than exploring other, perhaps more beneficial, possibilities.
Additionally, patients only described how they would use interfaces
hypothetically, rather than reflecting on actual use. To mitigate
anchoring biases, we encouraged patients to review their notes
prior to engaging with the mockups, aiming for discussions that
were informed by their actual, recent experiences with note-reading.
We also note that patients volunteered ideas that did not appear
in our mockups, such as tooltips that revealed definitions of terms,
and were candid about the mockups’ limitations.
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A third limitation is that we have not examined the perspectives
of clinicians and other stakeholders in arriving at our recommenda-
tions. Our patient-centric view of challenges and potential solutions
is intentional, but also leaves for future work any examination of
organizational realities that will necessarily influence any changes
to interfaces for reading or writing notes.

8.5 Positionality statement

As always in research, our own identities and backgrounds as re-
searchers shape the questions we asked and conclusions that we
drew. As a research team, we are all U.S. citizens, representing a lim-
ited segment of the population of patients across healthcare systems
globally. While we do represent a diverse group of races and ethnic-
ities, we have stable socioeconomic status, high levels of digital and
health literacy, and high levels of healthcare access. Furthermore,
our recommendations are focused on envisioning improvements to
medical interfaces. While our author team does include a medical
professional, this focus is motivated by the lead authors’ primary
expertise in systems-based HCI research. We acknowledge that the
challenges we address in clinician-patient communication deserve
consideration through other avenues, such as patient education,
clinician training, and changes to the healthcare system at large.
These alternative solutions may be preferable, should they elimi-
nate the need for new systems altogether—for example, perhaps
process adjustments could lead to notes being written in a way that
is more patient-centric in the first place. The recommendations of
this paper — and their limitations — should therefore be consid-
ered as our specific team’s system-centric outlook on how issues
in clinician-patient communication could be resolved.

8.6 Future work

We foresee several exciting directions for future research that builds
on the conclusions of our study.

Expanding the community of patients under study. Similar
studies with a broader population would expand the insights from
our study. Of particular importance is to understand the reading
needs of those who are marginalized by the health system, have less
education, or are unemployed [60]. The perspectives of patients in
these groups may reveal additional opportunities and constraints
for augmenting notes in a way that benefits readers.

Incorporating the clinician’s perspective. Our recommenda-
tions span across reading interfaces and writing interfaces. The
acceptability of writing interfaces will depend on fit for the clini-
cians who write notes. Future studies centered around clinicians
are crucial for designing interfaces that help patients read progress
notes without them being too much of a burden to write.

Contextual design studies. Patients will likely have deeper,
better-grounded ideas for how to improve the note reading experi-
ence if they are given the ability to use prototype designs on their
own notes, at the times they would like to read them. Implementing
these interfaces on a smaller scale is a crucial step for understanding
patient behaviors with greater granularity.

Designing augmented note reading and writing interfaces.
Figure 5 outlines a set of affordances of an explainable note, and
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Section 8.3.2 describes challenge problems in HCI and Al needed to
bring them about. Future research should crystallize the affordances
and take on the challenge problems.

9 CONCLUSION

By identifying the barriers patients encounter in reading progress
notes and exploring opportunities for improvements, our study lays
the groundwork for systems of intelligent interfaces that enhance
patients’ comprehension of their progress notes. Implementing
these proposed changes can lead to more informed and empowered
patients, fostering a positive impact on patient-clinician relation-
ships and overall healthcare outcomes.
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A APPENDICES

A.1 Participant backgrounds

Kambhamettu et al.

ID Age Gender Ethnicity Occupation Reads notes Specialty of care =~ Chronic
1 58 female  Asian Housewife never (no condition)
2 62 male White Recently retired daily Pulmonology and v
Cardiology
3 84 female White Retired < monthly Ears, Nose, Throat
(ENT)-related
4 61 female = White, Some Other Teacher and consultant never Ophthalmology
5 70 female  Black/Afr. Am. Retired < monthly Dermatology
6 36 female  White Auditor weekly Lymphology v
7 23 male White, Asian Clinical research never (no condition)
coordinator
8 78 male Black/Afr. Am. Retired daily Urology v
9 55 female  White Self-employed < monthly Gynecology v
10 62 male White Semi-retired consultant (no response) Gastroenterology v
11 79 female = White Retired < monthly Lymphology v
12 81 male White Retired attorney < monthly Cardiology
13 7 male White Semi-retired healthcare < monthly Cardiology v
business consultant and
investment banker
14 78 female = White Retired counselor < monthly Ophthalmology v

Table 1: Participant Backgrounds and Characteristics.
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A.2 Mockups

CHI ’24, May 11-16, 2024, Honolulu, HI

Below, we show the five mockups patients were shown during the study, as described in Section 3.2. The mockups were static, still images.

In the captions we describe aspects of interactivity that were envisioned for each mockup.

ALLERGIES:
Patient has answered NKA

FAMILY HISTORY:
Non-contributory

REVIEW OF SYSTEMS:
10-point ROS negative except as otherwise noted.

PHYSICAL EXAM:

The patient is tired but non-toxic appearing and has no significant
abnormalities in the head, neck, cardiovascular, respiratory, abdominal,
and skin examinations.

There are no gross deformities or focal/lateralizing neurological
deficits present, and the patient is alert and oriented with a normal
mood and affect.

Click to read the full renorqt7

Figure 6: Summary. An augmented physical exam section of a progress note. The section is augmented with an Al-generated plain language
summary of its contents. Only the generated summary is showing; the original text of the jargon-heavy section is hidden. The patient can

access the original text by clicking the underlined link.

Assessment:

Differential diagnoses remain broad with exact etiology still unclear.
Most concerning at this time remains pericarditis. Acute coronary
syndrome remains in differential but is less likely given the normal
cardiac enzymes and the nature of the EKG changes. PE is very unlikely
given the normal oxygenation. Dissection might be a possibility because
the patient has a family history of HTN and symmetric blood pressures.

Plan:

Serial EKG

Stat ECHO

Follow cardiac enzymes

Morphine for pain controlContinue ASA

Hold Beta Blocker as SBP less than 100 and HR 60

Consider cardiology consult depending on above workup

1 hr SPENT DISCUSSING MEDICAL CONDITIONS;

> 50% OF TIME SPENT IN COUNSELLING AND ANSWERING QUESTIONS.

When coming to this assessment,
your doctor likely thought through the
following before diagnosing you with
pericarditis:

Your doctor noted that your sharp and
constant chest pain could be
associated with pericarditis, which is
inflammation of the pericardium—the
membrane enclosing the heart.

Your doctor might have taken into
account your past history of
hyperlipidemia and type II diabetes
which increases the risk of
cardiovascular diseases including
pericarditis.

Figure 7: Diagnosis explanation. An augmented assessment section of a progress note. When a patient clicks on the assessment (highlighted
in light blue), a side note appears describing the likely rationale behind the assessment.
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Report Released Date/Time: Nov 14, 2022@09:58
Provider: KIM,TAE MIN

Specimen: SERUM. CH 1114 115

Specimen Collection Date: Nov 14, 2022@08:50

Test name Result units Ref. range Site Code
GLUCOSE, SERUM 188  mg/dL 74 - 118 [460]
CREATININE, SERUM 1.41 mg/dL .70 - 1.20 [460] Your doctor ordered this panel in

response to your complaint of
frequent nighttime urination during
your visit on 4/8/23.

Given your past medical history of
diabetes, the cause for your frequent
urination seems to be most correlated
to the high levels of glucose and
creatinine.

Looking at your lab results, these
levels are above that of the normal
range. This shift in glucose levels
started around two weeks ago,
according to your blood glucose
monitor.

Your doctor will take a look at these
lab results and discuss further steps
with you during your visit next week.

Eval: eGFR results >60 are imprecise. Many variables affect the
calculated

Eval: result. Interpretation of eGFR results >60 must be monitored over
time.

Figure 8: Lab interpretation. An augmented lab results section of a progress note. As is common in notes, the lab results appear in a table.
Rows of the table are highlighted to emphasize which labs are related to the patient’s diagnosis. A generated side note offers reasoning for
why the lab panel was ordered, and an interpretation of the labs.

Brief Hospital Course: Here are some testimonials from

Ms. Kelley was taken to the operating room by Dr. Hill on 1/26/2022 for
her paraesophageal hernia with laparoscopic Nissen. She recovered in
usual fashion. A barium swallow study was done on 1/27/2022 which did not
show any leak. She had some coughing on 1/27/2022, at which time she was
resumed on home meds, and given aggressive pulmonary toilet. Pulmonology
evaluated her and did not feel she warranted bronchoscopy at that time.
The patient remained on her home oxygen. She was evaluated by PT/0T on
1/29/2022 who determined she would best benefit from pulmonary rehab. Her
cough worsened and chest xray revealed CHF. She was diuresed well,
however on 1/30/2022 developed 102 fever, was pancultured and started on
vancomycin and zosyn. She required transfer to the ICU for sepsis on
1/31/2022. She required low dose neosynephrine. She was found to have
MRSA pneumonia which resolved on IV vancomycin. Her last vancomycin
trough level was 18 on 2/2/2022. ID consulted and recommended PICC line
with IV vancomycin to continue until 2/14/2022 with CBC, Chem panel and
vanco trough 2/6/2022. The patient was transfered to the floor on
2/4/2022. She has been medically stable without fevers or hypotension on
the floor and is stable for pulmonary rehab. It is noted we do not have a
recent echo documenting LV function, and the patient did not come in with
beta blockers or ace inhibitors. She should have close outpatient follow
up with her primary care physician regarding initiation of these meds if
tolerated.

patients who've experienced lung
inflammation or sepsis similar to
yours:

e " 50F here recovering from sepsis
after a recent ICU visit ... I still
feel like I have difficulty
breathing sometimes and I get
winded more easily than I used
to. It's been really frustrating,
especially when I try to exercise."
click to expand.

e " ... I had nightmares about being
back in the hospital and would
wake up in a cold sweat. The fear
of a relapse into respiratory
distress was always in the back of
my mind.." click to expand.

Figure 9: Testimonial. In this mockup, a note is augmented to help a patient relate their experiences to those of others with the same
condition. The patient can select passages describing aspects of their condition (here highlighted in light blue) to pull up a side note. The
side note contains testimonials from other patients who have had similar health experiences.
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ASSESSMENT AND PLAN:

Patient is nontoxic, afebrile with stable vital signs in the context of
acute care visit as interpreted by me. No gross trauma or focal
neurologic deficits on examination. Considerations include vasovagal
syncope, dehydration, electrolyte derangement, rib fractures/contusion.
Less likely cardiac syncope but will obtain screening evaluation. Patient
was started on IV fluid and IV Toradol for supportive measures. Twelve-
lead EKG is negative for acute ischemic changes or arrhythmia. Troponin
is mildly elevated at 0.04 the setting of acute kidney injury. Repeat
troponin was unchanged. Patient denies current chest pain. There is also
mild hypokalemia and hypomagnesemia and oral repletion was provided.
Chest x-ray is concerning for right perihilar and lower lobe opacity
which is a change from 2 days ago. Given concern for early developing
pneumonia I will prescribe Augmentin and azithromycin. I suspect
patient's presenting symptoms likely secondary to combination of
vasovagal in the setting of current flu/developing pneumonia. Patient is
otherwise in no distress, nontoxic with stable vital signs and without
new oxygen requirements. Patient will follow up with primary care
provider after discharge for further evaluation. Strict return precaution
was provided and patient expressed understanding.

CHI ’24, May 11-16, 2024, Honolulu, HI

From your provider:

"I wouldn't worry about potential
pneumonia just yet. Your symptoms
could also just be indicative of the flu,
syncope, or dehydration. Just to be
safe, the medications I've prescribed
you are used to treat bacterial
infections such as pneumonia in
particular.

I will be checking in with the you in
two weeks to make sure you're
responding well to your medications.
In the meantime, continue taking
your meds as prescribed and be sure
to notify us if you observe anything
out of the ordinary."

Figure 10: Messages of comfort. An augmented assessment and plan section. When a patient selects a passage that was marked as having
potential to concern them (highlighted in light blue), a side note appears. The side note offers reassurance from a clinician about why the
passage should not necessarily concern them (if appropriate).
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