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Abstract

Drug instructions are crucial for guiding the rational use of medication. We conduct a visualization design study to enhance the
comprehension of over-the-counter (OTC) drug instructions, targeting both the general public and medical professionals. We devise
two tailored drug instruction designs for different audience groups through an iterative design process. A controlled user study
reveals that our design outperforms traditional text-based instructions in terms of response time and usability, and the availability
of two versions is also found to be beneficial. This study also motivates a taxonomy based on a systematic classification of OTC
drug instructions sampled from an official drug database, which received positive expert feedback. Finally, this study summarizes
a workflow for a visualization design strategy based on our design exploration and user study feedback, which can be generalized

to other OTC drug instructions.
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1. Introduction

Drug instructions, approved by regulatory authorities such as
the U.S. FDA, European Medicines Agency (EMA), and China
National Medical Products Administration (NMPA), serve as a
critical foundation for ensuring patient safety and guiding ap-
propriate medication use [[1]. By helping people quickly and ac-
curately understand drug instructions, we can reduce irrational
medication use and enhance patient safety.

Drug instructions consist of various parts containing different
types of data and typically involve the general public (includ-
ing patients and those who lend help with their medicine) and
medical professionals, who have varying information needs and
medical knowledge regarding a specific drug. These charac-
teristics indicate that conveying drug instructions is a “wicked
problem” similar to patient data communication [2] that re-
quires understanding the different needs of different data for
different stakeholders (e.g., patients, doctors) and, therefore, is
challenging.

Current drug instructions often fail to meet patients’ needs
for practical and comprehensible information [3]] due to several
challenges. First, small and dense text layouts often make read-
ing and understanding difficult, particularly for older adults.
Second, the excessive use of medical terminologies poses sig-
nificant barriers for nonprofessionals, reducing their ability to
comprehend essential information [4]]. Lastly, variations in drug
usage and dosage across patient groups and indications add

complexity, increasing the risk of misinterpretation and poten-
tial misuse.

Visualization has the potential to enhance the design of drug
instructions by simplifying complex data [5} 16]], reducing infor-
mation overload [[7], and supporting intuitive decision-making
and analysis [6l 7, 18]]. As a crucial form of medical communi-
cation [9], drug instructions can benefit from visual elements.
Visualizations have already proven effective in patient educa-
tion [10]] and in facilitating doctor-patient communication on
various diseases and medical procedures [11]. By integrating
visualization into drug instructions, we may improve the clar-
ity [3]], understanding [7], and overall effectiveness [[6] in con-
veying essential information to related stakeholders. However,
interactive visualizations tailored to the specific content of drug
instructions, which aim at improving understanding and com-
munication across different populations, are lacking.

Therefore, the primary goal of this paper is to de-
velop and evaluate an interactive visualization framework for
over-the-counter (OTC) drug instructions to improve compre-
hension for diverse stakeholders. This is crucial as it directly
addresses the need for customized and interactive visual designs
for drug instructions. Successfully realizing this goal can miti-
gate the known issues of textual instructions, thereby enhancing
medication safety and communication efficacy.

To achieve this goal, we conduct a design study with phar-
macists (N=3) and iteratively develop a prototype of OTC
drug instructions for different stakeholders over a 12-month



period. This process includes designing and implementing in-
teractive visualization frameworks for several commonly used
OTC drugs with different purposes. Based on lessons from a
failed prototype, we identify key design factors for visualizing
OTC drug instructions. We systematically review the NMPA
database of OTC drugs, generalize design patterns, and pro-
pose a taxonomy as shown in Figure [[T[(1). Our prototype is
finalized after two all-hands meetings with the pharmacists and
numerous minor feedback in between.

The effectiveness and acceptance of the proposed visualiza-
tion drug instructions are evaluated. The final prototype of a
specific OTC drug instruction is evaluated with potential target
users from the general public in a controlled user study (N=60).
The results demonstrate that our prototype has a shorter re-
sponse time and higher usability rating compared to traditional
text-based instructions. A design workflow (Figure [TT) is then
proposed based on the design study and user study. The work-
flow outlines how to develop a visualization framework and de-
sign each part of OTC drug instructions.

In summary, the main contributions of our work are as fol-
lows.

e A design study of a visualization framework for OTC
drugs, resulting in a prototype for different target users,
as well as a taxonomy and workflow for visualizing OTC
drug instructions.

* A user study evaluating the effectiveness of a visualization
version of a frequently-used OTC drug instruction against
the traditional text version.

To the best of our knowledge, our work is the first attempt at
systematic visualization design for drug instructions as a whole,
considering different populations. Furthermore, our visualiza-
tion design, taxonomy, and workflow are generic and can be
potentially adapted to drug instructions worldwide.

2. Pharmaceutical Background

Irrational use of medication is a significant global issue [[12]
that may lead to consequences including misuse, inappropriate
dosing (overdose or underdose), drug addiction, and adverse
drug events [13]]. According to the World Health Organiza-
tion (WHO), ensuring the rational use of medicines requires
that “patients receive appropriate medications that meet their
clinical needs and are prescribed at the correct dosage” [14].

To ensure patient safety, drugs are classified as prescription
or over-the-counter (OTC) based on usage, safety, dosage, spec-
ifications, and routes of administration [[15)]. Prescription drugs
require a licensed physician or authorized medical professional
to prescribe them and must be used under their supervision. In
contrast, OTC drugs can be purchased and used by consumers
without a prescription, as they are intended for conditions that
patients can self-identify and manage [[16}[17]. Some medica-
tions, known as “dual-status drugs”, can be used as either pre-
scription or OTC depending on their usage and dosage. In this
work, we focus solely on visualizing OTC drug instructions.

OTC drugs have a long history of clinical use [18], well-
established efficacy, and are generally considered safe [19].
However, prolonged or excessive use can still lead to adverse
reactions [17, 20]. It is important to note that such reactions
can vary significantly from person to person [21]. Therefore, it
is crucial to follow the instructions carefully when using OTC
drugs and to monitor for any adverse effects after taking them.

Drug instructions are generic in many countries, see ex-
amples of instructions for paracetamol/acetaminophen in dif-
ferent countries in Figure [I We also provide the link
or PDF of these three drug instructions in the supple-
mental material (1.supplemental_material_main.pdf, 3. la-
beled_instruction_paracetamol_chinese.pdf, 4. Paraceta-
mol665mgTab_english.pdf). Drug instructions mainly include
drug names, indications, usage and dosage, contraindications,
precautions, adverse reactions, drug interactions, and preserva-
tion conditions, among other things. The contents related to
drug use should be carefully read before taking the medication
to avoid hidden risks.

However, existing drug instructions are often too complex
for users with limited medical knowledge to understand thor-
oughly and efficiently [4]. Understanding drug instructions can
be especially challenging for the elderly [22]]. To address this, a
pilot project plan [23] that includes guidelines for creating the
simplified version and the large print version of drug instruc-
tions, as well as the electronic version (complete version) was
issued. Similarly, the Patient Medication Information (PMI)
Proposed Rule [24] was proposed to ensure that patients receive
crucial information about their medications through simplified,
standardized, and accessible formats, improving patient under-
standing and adherence. These initiatives highlight the urgent
need for designing more effective and patient-centered drug in-
struction formats.

3. Related Work

Our study combines three research areas: pharmaceutical in-
formation comprehension, visualization for medical communi-
cation, and visualization design studies. The following gives an
overview of recent works in these areas.

3.1. Pharmaceutical Information Comprehension

Researchers explore the specific support people need to make
sense of visualizations, aiming to improve visualization de-
sign [25], which may enhance comprehension. Pictographic
visualizations could improve user engagement and comprehen-
sion [26} 27]. A systematic review [28] concludes that it is
beneficial to include pictures in medical communication, and
icons/pictograms with less text may be most helpful.

Many early studies regarding pharmaceutical information
comprehension focus on pictograms/icons like the United
States Pharmacopeial Convention (USP) [29], the International
Pharmaceutical Federation (FIP) [30], and the Risk/Benefit
Assessment of Drug Analysis and Response (RAD-AR) [31]
Council of Japan [32l 133]], which are corroborated to help
reduce the reading burden of patients, facilitate comprehen-
sion, and improve medicine adherence [34, 35 136, 137, [38].
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(a) China

ACETAMINOPHEN tablet, extended release (1)

- PURPOSE

Pain rolieverTever roduc

T (@)

(b) US

(1) Paracetamol 250mg/5ml Oral Suspension
1.What Paracetamol Oral Suspension is and what it is used for

Paracetamol belongs to a group of medicines called pain-killers or analgesics.

u Itis used for mild to moderate pain including headacha miaraina_nerve pain, toothache, sore throat,
period pains and general aches and pains. (2)

= ltis also used to relieve the symptoms of cold and fli

= Itis also used to help reduce a fever (high temperature).

2.What you need to know before you use Paracetamol Oral Suspension

Do not give this medicine to a child:

u If s/he is allergic to paracetamol or any of the ingredients listed in section 6. An allergic reaction can
include a rash, itching or shortness of breath.

u If s/he has taken any other medicine that contains paracetamol. 4

Wamings and precautions ( )

Talk to your doctor or pharmacist before giving Paracetamol to a chila:

I s/he has kidney problems

u If s/he has liver problems

3. How to use Paracetamol Oral Suspension

How much to use

| How often (in 24 hours)

6-8years One 5 mL spoonful (large end) 4times

One 5.0 mL spoonful (large end) and one
2.5 mL spoonful (small end)

Two 5 mL spoonfuls (large end) 4times (3)

8-10years 4times

10- 12 years

12-16 years Two to three 5 mL spoonfuls (large end) 4times

Adults and children

over 16 years Two to four 5 mL spoonfuls (large end) 4times

(¢) UK

Figure 1: Drug instructions for paracetamol/acetaminophen in China (a), US
(b), and UK (c) are shown here. Drug instructions typically consist of (1) drug
name, (2) indications, (3) usage and dosage, and (4) warnings and precautions,
etc.

Adding pharmaceutical pictograms to written text significantly
improves medication understanding among older adults [36]].
Therefore, including pictograms on medication labels is rec-
ommended to enhance communication. While symbols boost
comprehension, studies suggest that symbol-plus-text and text-
only formats outperform symbol-only formats [39], indicating

that using only pictograms may not be ideal. Among older
Singaporeans, pictograms for dosage and precautions are more
effective than those for indications [40]. A pictogram story-
board [41] was designed to convey medication information but
offers limited details, requiring users to click to access specific
pictograms or manually indicate the medication’s site of action
on a body outline.

Several studies have explored how to enhance comprehen-
sion of numerical information of drug instructions [42]] and de-
signed visualizations like “liquid dosing” [43|], “maximum dos-
ing” [44], and “time interval” [45].

Collectively, these studies provide strong evidence for the
value of visual elements in improving specific aspects of med-
ication communication. However, the focus has largely been
on enhancing comprehension of isolated content types (e.g.,
dosage, timing, or specific risks) or on evaluating individual
pictograms. A significant gap remains in the systematic, holis-
tic visualization design for the entire drug instruction docu-
ment, which requires to integrate diverse data types (textual,
numerical, categorical) and prioritize information for different
stakeholders.

To fill this gap, our work aims to move beyond isolated pic-
tograms or charts. We propose a comprehensive visualization
framework that designs the overall structure of drug instruc-
tions, highlighting critical information holistically and select-
ing appropriate visual forms (pictograms, charts, interactive el-
ements) based on the specific content and context.

3.2. Visualization for Medical Communication

In current data-driven medical practice, medical visualization
is a key research area, focusing on access to medical evidence
and helping stakeholders understand health data [46]. A recent
review [47] summarizes four applied domains of visualization
for narrative medicine, one of which is medical communication.

Researchers have explored various methods to enhance com-
munication between medical professionals, patients, and other
stakeholders through visual tools [5]. Lifelines [48]], a clas-
sical medical information visualization method, supports the
representation of diagnoses, test results, or medications, giving
intuitive access to data comprehension. PROACT, a patient-
centered visualization tool, effectively communicates prostate
cancer risk using simple chart visualizations and an Al-assisted
predictive model [[11]]. Interactive dashboards, using daily liv-
ing and patient-reported outcomes data, are designed to im-
prove pediatric care [49]. A narrative visualization that inte-
grates medical conditions can effectively enhance communica-
tion through analysis of data, including prescription data [S0].
By breaking down disease data and using medical visualization
with narratives, data-driven disease stories become accessible
to the public [10].

The aforementioned studies demonstrate the successful ap-
plication of visualization for communicating complex medi-
cal data, primarily focusing on disease states, health trends, or
treatment outcomes for specific populations. While these ap-
proaches share the goal of improving understanding, the do-
main of drug instructions presents a distinct and highly struc-



tured communication challenge. It requires conveying stan-
dardized, regulatory-mandated information to a spectrum of
users with varying literacy and expertise, where misunderstand-
ing carries immediate safety risks.

Consequently, visualization techniques designed for narra-
tive health data or specific diseases are not directly transfer-
able. There is a lack of systematic visualization research target-
ing the drug instruction document as a primary object of study.
Our work directly addresses this gap by investigating how to
visualize the integral components of drug instructions, with the
specific goal of enhancing safe and effective use for the general
public and medical professionals.

3.3. Visualization Design Studies

A design study is a project where visualization researchers
address the specific real-world problem encountered by do-
main experts [51]. Practical guidance for design studies in-
cludes categorizing visualization methods by task and data
type [52], using problem-driven and technique-driven ap-
proaches [53], applying a nested model for design and val-
idation [54], following a nine-stage framework [51], hosting
creative visualization-opportunities workshops [55]], using Viz-
ItCards for high-quality designs [56], and utilizing the Five-
Design Sheets (FDS) method for iterative design [S7)]. Addi-
tionally, six criteria have been established for rigorous visual-
ization design studies [S8]]. Considering the different types of
data, we adopt a problem-driven iterative design process in this
work.

Design studies are mainly user-centered designs tailored to
specific domain problems, such as identifying unknown er-
rors in engine manufacturing [59], managing emergencies [60],
detecting network threats [61]], analyzing genomic epidemiol-
ogy [62], designing customizable food trackers [63], and ad-
dressing health data discrepancies [64]. Our work also con-
tributes to the health domain, but with a focus on enhancing
health data communication.

Researchers have recognized the importance of consider-
ing individual and group differences in data visualization sys-
tems rather than relying on “one-size-fits-all" interfaces [65].
Wicked problems, where stakeholders disagree on problem def-
initions and solutions [2f], pose a challenge for designing visual-
izations, especially when addressing complex issues involving
diverse groups of people with varying expertise, background,
needs, and perspectives [66,67]. In medical contexts, this com-
plexity is heightened by the different perceptions and needs of
patients, doctors, nurses, pharmacists, etc. To create effective
visual drug instructions, it is essential to understand and address
the specific needs of both medical professionals and nonprofes-
sionals.

This body of work establishes that effective visualization de-
sign for complex domains should be problem-driven and ac-
count for diverse stakeholders—a paradigm well-suited to the
challenge of drug instructions. As noted previously, communi-
cating drug instructions is a “wicked problem” with conflicting
stakeholder needs. Therefore, a visualization design study that
actively engages these different stakeholders (e.g., pharmacists

and the general public) is not merely appropriate but necessary
to navigate this complexity.

Our study is positioned within this methodological frame-
work. We conduct a design study focused specifically on de-
signing a visualization system for drug instructions, directly en-
gaging representative stakeholder groups (pharmacists and the
public) to ensure the design addresses their distinct and often
competing needs, thereby providing a structured response to
this wicked problem.

4. Visualization Design Study for Drug Instructions

Methodologically, we were primarily influenced by the de-
sign study methodology [51], but also included elements
of classical user-centered design [68], and participatory de-
sign [69]. Our overall goal is to make the faithful communi-
cation of drug knowledge more efficient using visualizations to
ensure medication safety. In our design study (Figure [2), we
aim to investigate what drug instructions are suitable for visu-
alizations and how these visualizations are designed. Our team
comprises members from diverse backgrounds: four members
are from the same university, of which three are from the same
institute of health data (health data group, hereafter), and one
is from the department of journalism and communication—one
has 8 years of clinical medicine experience and 3 years of vi-
sualization expertise, one has 10 years of experience in phar-
macoepidemiology and health data science, one has 15 years
of experience in visualization, and one has 18 years of expe-
rience in communication. Two members are from the other
university, of which one has 18 years of experience in human-
computer interaction (HCI) and visualization, and the other one
has nine years of HCI and accessibility. To this end, our inter-
disciplinary research team collaborated with three pharmacists
to conduct design workshops and survey drug databases to de-
velop a framework for visual drug instructions. The three phar-
macists who collaborated with us have 12, 13, and 13 years of
pharmaceutical experience, respectively.

Initial design attempts Taxonomy of drug Three categories for
for a prescription drug instructions OTC drugs
[failed]
Designs for two other
OTC categories
Initial prototype of an Expert Revised Expert user
OTC drug instruction feedback prototype evaluation

Figure 2: The process of our visualization design study for drug instructions.

4.1. Decision on Visualization Design for OTC Drugs and a
Taxonomy of Drug Instructions

We explain the rationale of focusing only on visualization
design for OTC drugs and then introduce the taxonomy of drug
instructions that guide our design.



4.1.1. Initial Design Attempts

We invited the three pharmacists to select a typical drug for
routine clinical use based on the principle of comprehensive
content of the drug instructions. They chose levofloxacin tablets
— a commonly used prescription drug in clinical practice, and
labeled contents needed for different stakeholders.

We analyzed the labeled instruction and made a pilot design
of visualizations under the guidance of pharmacists for different
contents of the instruction. A preliminary visualization explo-
ration of levofloxacin is provided in the supplemental material
(1.supplemental_material_main.pdf). After several attempts,
we found it challenging to use appropriate visualizations to ef-
fectively convey critical information about levofloxacin, includ-
ing its indications, usage, and dosage. This is because the in-
dications primarily involve diseases that are difficult for those
without expertise to understand (Figure [3), and the usage and
dosage vary depending on the specific indication. Discussing
with pharmacists, we concluded that the difficulty is due to lev-
ofloxacin being a prescription drug that must be diagnosed and
prescribed by a professional with extensive knowledge of it be-
fore the drug can be administered and used. This suggests that
the value of visualized instructions for prescription drugs may
be limited to medical professionals and is not an urgent require-
ment for all stakeholders.

Drug indicaton

Acute bacterial sinusitis
(ABRS)

acqui
(HAP/CAP)

(/s

Figure 3: The visualization of levofloxacin’s indications poses a comprehension
challenge for non-expert users

In contrast, OTC drugs do not require a prescription and can
be used by consumers. The instructions serve as the main guid-
ance, indicating that these instructions can be comprehended
by those without specialized medical knowledge. As a result of
this discussion on visualization difficulty, especially for indica-
tions, we decided that our current visualization design for drug
instructions should focus on OTC drugs instead of prescription
drugs.

4.1.2. Taxonomy of Drug Instructions

Our initial design attempts for a prescription drug highlighted
the need to systematically understand what types of drug in-
structions are amenable to visualization. We, therefore, devel-
oped a taxonomy to categorize drug instructions based on key
dimensions that influence visualization design. The taxonomy
focuses on the tuple

C: (u7i’p) )

where u denotes “usage and dosage", i for “indication”, and
p for “population or age”. Each element in the tuple C has
two levels: u—(changes, fixed), i—(diseases, symptoms), p—
(specific, general). This framework allows us to classify in-
structions based on how their core information varies, which
directly impacts the complexity and approach required for vi-
sual design.

To apply this taxonomy, we systematically investigated OTC
chemical drugs in the NMPA [70] database, which contains
733 Class A and 392 Class B drugs (classified by safety level).
Since we had to manually read the instructions for classifica-
tion, we sampled the database with a sampling rate of 10%, i.e.,
73 Class A and 39 Class B drugs were randomly sampled and
examined. Details of the 112 OTC drugs are reported in the
supplemental material (2. sampled_112_OTC_drugs.xlIsx).

The initial classification of drug instructions was performed
by a team member with a clinical medicine background, based
on the fundamental structural and informational patterns inher-
ent in drug instructions. To ensure inter-rater reliability, this
initial classification was independently cross-validated by a sec-
ond researcher, a health data scientist with expertise in pharma-
ceuticals. Any discrepancies were resolved through discussion
until a consensus was reached.

There exists a total of 8 cases by possible combinations.
However, we grouped all instructions that use diseases as in-
dications into one category, as they involve specific knowl-
edge of diseases, where visualization does not help much for
correct comprehension, similar to prescription drugs. These
include mostly dual-status drugs, for example, Omeprazole
Enteric-coated tablets, whose indications include diseases like
gastroesophageal reflux disease, which is difficult to convey
with visualization. Then, four cases remain, but the case
(u: fixed,i : symptoms, p : specific) is equivalent to (u : fixed, i :
symptoms, p : general), and, therefore, three unique cases exist.

As a result, we classified drug instructions into five elemen-
tal categories (Cat.) based on the tuple C (Figure [[I[1)) and
summarization of NMPA database:

Cat. 1 Usage and dosage vary with indications (mainly symp-

toms).

Cat. 2 Usage and dosage vary with age/population.

Cat. 3 Usage and dosage are fixed.

Cat. 4 The indications include diseases.

Cat. 5 Prescription drugs.

5



We focus on the visualization of OTC drug instructions whose
indications are symptoms (Cat. 1-3). Note that some drugs
may be classified into more than one category, for example, the
usage and dosage do not vary for different populations for one
indication, but vary based on population for another indication
(Cat. 1 +2).

4.2. Visualization Design Requirements for OTC Drug Instruc-
tions

To translate the high-level focus on OTC drugs into con-
crete design requirements, we conducted a structured participa-
tory design workshop with the three collaborating pharmacists,
using paracetamol sustained-release tablets as a case study.
The process was guided by a tailored medical visualization
model [71] and facilitated with Five Design Sheets (FDS) [157]]
for ideation and VizltCards [56]] for rapid sketching and cri-
tique.

Workshop activities and links to requirements: The work-
shop began with problem discussions, leading to brainstorm-
ing and the creation of low-fidelity sketches exploring layouts,
icons, and methods for linking information. These sketches
were discussed, grouped, and evaluated through card-sorting
exercises. We also conducted structured prioritization activi-
ties, such as Likert-scale scoring of section importance. The
following four requirements (R1-R4) were consolidated di-
rectly from these tangible outputs—specific sketches, card-sort
groupings, and priority lists—and served as the direct justifica-
tion for our subsequent visualization design choices.

R1: Design drug instructions for different audience. Require-
ment: Provide two information views: a simplified version
for the public (e.g., patients) and a complete version for med-
ical professionals (e.g., pharmacists). Causal chain from the
workshop: This foundational need emerged from initial dis-
cussions and was reflected in multiple sketches, which consis-
tently showed two layouts or a toggle mechanism, rejecting a
“one-size-fits-all” approach. A collaborative card-sorting exer-
cise specifically defined the “must-have” content for the simpli-
fied version (drug name, characteristics, specifications, indica-
tions, usage and dosage, contraindications, precautions, stor-
age, and expiry date) and “expert-only” information for the
complete version. This output directly justified implementing
two distinct interface modes to serve different health literacy
levels [[72].

R2: Arrange the layout according to the priority of sections.
Requirement: The visual layout must spatially reflect the rel-
ative priority of information sections. Causal chain from the
workshop: Early sketches highlighted the challenge of allocat-
ing screen space. A structured prioritization activity resolved
this: participants scored instruction sections. “Indications” and
“Dosage and Usage” received the highest average scores (>4.0),
followed by “Precautions” with pharmacists uniquely empha-
sizing “Drug Interactions”. This quantitative output became the
non-negotiable constraint for our layout, mandating a top-down
structure that places the most critical content most prominently,
consistent with user-centered design principles [68] and prior
research [73]].

R3: Correspond the usage and dosage to indications and pop-
ulations. Requirement: The visualization must explicitly cor-
relate specific “Usage and Dosage” information with the cor-
responding “Indication” and/or “Patient Population.” Causal
chain from the workshop: Analysis of early sketches for
paracetamol revealed confusion in depicting conditional dos-
ing. Pharmacists identified this as a high-risk area for misun-
derstanding in text. A dedicated brainstorming session using
VizltCards then focused on “linkage” mechanisms, with con-
cepts like color-coding and interactive selection being sketched
and evaluated. The consensus favored a clear, interactive visual
link over static text, directly leading to the design of interactive
linkages (e.g., click indication — update dosage) in the proto-
type to mitigate safety risks.

R4: Design appropriate visualization for each section. Re-
quirement: The visualization technique for each section must
be appropriately matched to the type of information it conveys
(e.g., icons for warnings, hierarchies for interactions). Causal
chain from the workshop: During sketching, participants intu-
itively proposed different graphical forms for different content.
A focused critique session evaluated these against goals like re-
ducing cognitive load and improving understanding. The work-
shop produced a specific mapping: categorical warnings(e.g.,
Precautions) — standardized pictograms; hierarchical informa-
tion(e.g., Drug Interactions) — tree-based visualizations; nu-
merical dosage— clear typography with pictographic reinforce-
ment. This mapping directly specified the visual encoding used
for each section in the final design, informed by information
design best practices [23]].

4.3. Initial Prototype of an OTC Drug Instruction

To translate the design requirements (Section[4.2)) into a con-
crete, testable artifact, we developed an initial interactive vi-
sualization prototype for the drug instruction of paracetamol
sustained-release tablets. A conceptual overview of the com-
plete version is provided in Figure[d] (see also the larger version
in the supplementary material), illustrating the key design fea-
tures and layout scheme rather than the complete informational
content.

4.3.1. Indications, Usage and Dosage

Design problem and rationale: This section implements re-
quirements R2 (priority layout) and R3 (dosage-indication link-
age). The core challenge was to present conditional dosing
(different doses for different symptoms) clearly and compactly.
Based on requirement R3, we rejected a static, text-heavy list.
Instead, we implemented an interactive selection mechanism:
clicking a symptom pictogram updates the dosage display. This
creates a direct, unambiguous link, addressing the safety risk of
mismatched information identified in the workshop.

Visual encoding of dosage frequency: To represent dosage
frequency (e.g., once daily, multiple times per day) (Figure {4)
or duration, we used a sequence of rectangular units. A key
design decision was how to represent ranges like “3-5 times
per day.”
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Figure 4: A conceptual overview of the initial prototype (complete version) for
paracetamol in Chinese.
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 Alternatives considered: We considered simple text, a
numeric slider, or a graduated bar. Text was deemed less
scannable; interactive widgets were overly complex for
core information display.

¢ Chosen design & rationale: We used a combination
of solid and dashed rectangles (e.g., three solid + two
dashed). This encoding leverages a common metaphor
(solid=confirmed, dashed=optional/possible) to compactly
convey flexibility. It aligns with requirement R4 by match-
ing a visual metaphor to a specific data property (uncertain
range). We assume users have basic visual literacy to in-
terpret this common metaphor. The primary benefit over
text (“3-5 times per day”) is immediate visual segmenta-
tion of the range, potentially reducing the cognitive step of
parsing the numeric span.

4.3.2. Precautions

To address the complexity and potential confusion within the
standard “Precautions” section, we focused on categorizing and
visually distinguishing warnings by severity. We found that this
drug instruction has adverse reactions, precautions, and con-
traindications, all within the precautions section. This can be
confusing to users, potentially leading them to overlook or skip
important drug safety information. Therefore, it is necessary to

communicate this information correctly and clearly to users, es-
pecially to specific populations such as the elderly and pregnant
women.

After consulting with the pharmacists, we classified pre-
cautions into three categories by the severity of the warning:
contraindications, not recommended/not allowed, and use with
caution. As shown in Figure [5| (top row), we designed differ-
ent legends for these three categories to help with better un-
derstanding, where a double circle with a slash represents con-
traindications, an exclamation mark represents use with caution
and a single circle with a slash represent a less clear interme-
diate state, defined as not recommended/not allowed in our de-
sign. In addition, some drugs may need to be stopped under cer-
tain circumstances. Therefore, except for the three categories,
we also summarized the situation of “discontinue the drug and
consult a physician.” In the initial prototype, we designed a
“doctor with speech bubble” pictogram (the lower left corner
of Figure[d) to highlight this situation, with the relevant content
emphasized only in key sections using color highlighting.

IR
® & A

Figure 5: Examples of three categories of precautions—contraindication (a,d),
not recommended/allowed (b,e), and use with caution (c,f)—in the initial (the
top row) and revised (the bottom row) prototype.

4.3.3. Drug Interactions

Design problem and rationale: This section responds to
the pharmacists’ emphasis (R2) and the need for appropriate
visual forms (R4). Discussions revealed that the drug interac-
tion information in current medication instructions suffers from
an ambiguous structure and weak logical connections, which
increases the cognitive burden of users. To address this, we
adopted a hierarchical organizational framework consisting of
three top-level categories: effects of other drugs on the current
drug, effects of the current drug on other drugs, and mutual drug
interactions. Specific details—such as mechanisms, severity,
and clinical advice—are organized as child nodes within this
hierarchy.

Guided by requirement R4 (match form to content), we
needed a visualization suited for hierarchical data.

* Explored alternatives: We internally sketched and gath-
ered preliminary pharmacist feedback on four candidate
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(a) Icicle Plot

(b) Force-Directed Tree

Drug interactions

Long-term use can cause
liver injury

(c) Cluster Tree (d) Circle Packing

Figure 6: Four complementary visualization forms for drug interactions of
paracetamol.

techniques: An icicle plot provides an intuitive top-down
view of hierarchical flow, supporting path tracing across
levels (see Figure [6a). A force-directed tree visually or-
ganizes nodes to highlight central ones and connection
strengths, helping to identify key interactions (see Fig-
ure [6b). A cluster tree highlights categorical grouping
and subordination, clarifying taxonomic relationships (see
Figure [6c). Circle packing employs a space-filling layout
to compactly encode the full hierarchy (see Figure [6d).

* Chosen design & rationale: The icicle plot was provi-
sionally selected for deeper development. It provides a
clear, space-filling representation of the hierarchy, mak-
ing the depth and breadth of interaction categories im-
mediately apparent. This aligns with R4 by applying a
hierarchical visualization to hierarchical data. Its rela-
tive simplicity supports our assumption of moderate vi-
sual literacy among users seeking detailed drug informa-
tion. Interactive tooltips provide the exact textual informa-
tion on hover, ensuring accuracy is maintained. The colors
in the icicle plot were primarily used to visually distin-
guish between different hierarchical levels of the drug in-
teraction information. In our design, each distinct color
represented a major category or branch at a specific level
of the taxonomy. Within a branch, a consistent hue with
varying saturation or lightness may be applied to indicate
sub-categories, thereby maintaining visual grouping while
showing depth.

Guided by the “overview first, details on demand” [[74] prin-
ciple, the icicle plot, supplemented with icons and interactive
details, aims to facilitate both high-level understanding and de-
tailed exploration.

4.4. Feedback on Initial Prototype

To validate and refine the initial prototype, we conducted a
feedback session with the same three pharmacists. The primary
goal was to gather concrete critiques and suggestions to guide

the next iteration of our visualization design. The feedback was
comprehensive, covering visual encoding, layout, and content
accuracy, and directly informed the revisions described in the
following section.

Regarding legends and pictograms, participants suggested
expanding the information conveyed within rectangles to en-
hance clarity on medication methods, frequency, and duration.
They also recommended redesigning precaution legends, draw-
ing inspiration from traffic signs for better intuitiveness. Ad-
ditionally, it was proposed to use pre-attentive visual elements
to help users quickly identify changes—such as in medication
duration—when switching between different drug indications.
Furthermore, for the “discontinue the drug and consult a physi-
cian” scenario, participants suggested adopting a similar icicle-
based visualization, as this scenario also involves categorical
hierarchies akin to drug interactions, thereby ensuring consis-
tency in design logic and user comprehension.

For layout, it was agreed that professional information should
be placed below the core contents (indications, usage, dosage,
and precautions), as different user groups share the same pri-
mary concerns, despite having varied secondary needs. Other
feedback included avoiding the use of drug-specific packag-
ing imagery due to copyright concerns; renaming the naviga-
tion labels from “patient” and “pharmacists” to “simplified”
and “complete” to better reflect the two instruction formats;
removing the double-ring chart for ingredient information, as
it occupies considerable space without significantly enhancing
comprehension; removing the module for medication methods,
as it does not change with the drug; and addressing contradic-
tions such as “once every 8 hours” versus “three times a day”.
Pharmacists emphasized that all information in drug instruc-
tions must remain legally accurate without oversimplification.

This feedback provided a clear plan for improving the pro-
totype, making the next design iteration more user-friendly,
legally compliant, and focused on user needs.

4.5. Revised Prototype

We modified our prototype based on the feedback, and the
simplified and complete versions of the revised visualization are
shown in Figure [/} [We will provide the link to the interactive
visualization tool upon acceptance.]

In our revised visualization, icons for medication method
(take orally, Figure [7(b)), drug characteristics (tablet, Fig-
ure[7[c)), frequency (Figure [7(b)) and days (Figure [7(d) show-
ing the date of first taking a specific medication and the duration
of days) are included to help understand the usage and dosage.

Inspired by pharmaceutical pictograms of USP and the de-
sign of traffic signs, we revised our three-category precautions
legends (Figure [5|bottom row), Figure[7(3)), which use a circle
with a slash representing contraindication, a triangle indicat-
ing use with caution, and a rectangle with a slash representing
not recommended/allowed. Overlaying specific categories of
precaution legends with their corresponding precaution content
resulted in our final visualized version of the precautions. The
principle of pre-attention was applied to highlight the changed
information when switching between indications to help users
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Figure 7: The (left) simplified and (right) complete versions of the visualization design for paracetamol. Three common modules are included in both versions: (1)
The basic information and navigation module allows the user to switch between the simplified and complete versions. (2) The indication and usage module allows
the user to click on a specific indication to show the corresponding dosage and usage. (3) The precautions module shows different precautions by pictograms and
an icicle plot (h). Specifically for the complete version, (4) the professional drug information module includes an icicle plot representation of drug interactions (i).

identify differences quickly (changed contents in red font and
dotted orange boxes as in Figure [7[e, f)). This principle can
be applied to any changed content for highlighting. For simpli-
fied information shown in the pictograms, the full, unmodified
contents from drug instructions can be displayed when hovered
over or clicked (Figure[7(a, g)).

The difference between the two versions lies in the fact that
the simplified version only contains modules (1)—(3), without
module (4), which only shows in the complete version. Users
can switch between different versions through the navigation
button in the upper-right corner.

4.6. Designs for Other OTC Categories

Our taxonomy (Section [4.1.2) defined three OTC categories
(Cat. 1-3) suitable for visualization. Having developed an ini-
tial prototype for Cat. 1 (paracetamol), we needed to validate

and adapt our design framework for the remaining categories
to ensure its generalizability. This subsection describes the ap-
plication of our framework to representative drugs from Cate-
gories 2 and 3.

With input from the pharmacists, we selected two widely
used OTC drugs as representative cases:

¢ Cetirizine dihydrochloride tablets (Cat. 2): Character-
ized by dosage that varies with age/population.

* Ambroxol hydrochloride dispersible tablets (Cat. 3):
Characterized by a fixed dosing regimen.

These drugs were chosen because they are clinically common,
have clearly differentiated dosing patterns characteristic of their
categories, and serve as ideal test cases for evaluating our visu-
alization framework.
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Figure 8: Visualization designs for indication, usage, and dosage of three cate-
gories: (a) Cat. 1, (b) Cat. 2, and (c) Cat. 3 of the OTC drugs.

The core design adaptation across categories lies in how the
“Usage and Dosage” section visually links to indications or
populations (Figure [7}2)), directly implementing requirement
R3. Other contents, such as precautions and drug interactions,
follow consistent design patterns, with only specific content
varying by drug.

¢ Cat. 1 (e.g., Paracetamol): Uses an interactive selection
mechanism. Clicking on a specific indication updates the
corresponding dosage display (Figure[8a), managing space
for multiple indication-dosage pairs.

e Cat. 2 (e.g., Cetirizine): Uses a decision tree to visually
guide the user from indication, through specific population
(e.g., age group), to the corresponding dosage (Figure 8b).

¢ Cat. 3 (e.g., Ambroxol): Presents the indication and fixed
dosage in a simple side-by-side layout (Figure [8c).

This structured approach demonstrates how our framework pro-
duces distinct yet coherent visualizations tailored to the logical
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relationships inherent in each OTC category. It should be noted
that some drug instructions may require consideration of both
Cat. 1 and Cat. 2 during visualization design.

4.7. Expert User Evaluation on the Revised Prototype and the
Taxonomy of OTC Drug Instructions

To assess the clinical validity and appropriateness of the re-
vised prototypes and the proposed taxonomy, we conducted a
summative evaluation session with our three collaborating phar-
macists. The goal was to gather expert feedback on whether the
design framework and its category-specific instantiations were
coherent, accurate, and aligned with professional practice.

Method: Using the think-aloud method while presenting the
taxonomy and the three interactive visualization interfaces (cor-
responding to the design variants in Figure [§[a—c)), we col-
lected and documented their feedback on both the conceptual
framework and the concrete designs.

Expert feedback and results. The pharmacists’ feedback
focused on their domain of expertise—clinical utility and infor-
mation accuracy—and is summarized as follows.

* Taxonomy & framework validity: The pharmacists con-
firmed that the taxonomy logically categorizes OTC in-
structions based on key variables (dosage, indication, pop-
ulation) that align with their clinical reasoning. They
agreed that the three categories (1-3) cover the common,
visualizable OTC scenarios and that the proposed design
strategies for each are appropriate.

* Design effectiveness & clinical usefulness: They re-
sponded positively to the visual designs, stating that each
variant correctly implemented the logic of its category
(interactive selection, decision tree, side-by-side). They
specifically endorsed the classified precaution icons for
clarifying warning severity and the hierarchical icicle plot
for structuring drug interaction information, noting these
features could help prevent common misunderstandings.
They judged the visual presentations to be clearer and
more scannable than traditional text-based instructions.

This expert validation confirmed the clinical soundness of
our taxonomy and framework. Note that the decision to eval-
uate the core usability of the shared framework components
through a single, representative drug (paracetamol, Category 1)
in the subsequent user study was a methodological choice by
the research team. It was based on the observation—confirmed
by the feedback of pharmacists—that the core layout, inter-
action principles, and visual components for all sections ex-
cept the dosage-indication linkage were consistent across cat-
egories.

4.8. Implementation

Our work was designed to be used in a web browser for easy
accessibility. The visualizations and the user interface were im-
plemented in Javascript aided by the d3.js [75] visualization li-
brary. We referred to icon libraries like FLATICON [76]], Font
Awesome [77], The Noun Project [78]] and applied Adobe Pho-
toshop to design and modify the various pictograms/icons used
in this study under the guidance of pharmacists.



5. Evaluation of the Visualization Design

To objectively evaluate the effectiveness of our proposed vi-
sualization framework, we conducted a controlled user study.
Given that the three design variants differ primarily in the
dosage-indication relationship (the linkage mechanism) while
sharing the same layout, interaction principles, and visual com-
ponents for other instruction sections, we selected the most
common and clinically representative case—paracetamol (Cat-
egory 1)—for the controlled user study. This allowed us to
evaluate the core visualization framework in depth while en-
suring a focused and feasible experimental design. The expert
evaluation described above (see Section 4.7), which confirmed
the clinical appropriateness of all three variants, supports the
representativeness of this single-case evaluation for the shared
framework components.

The study was approved by the biomedical ethics committee
of the University of the first author. Before the formal study,
we conducted two rounds of pilot studies with three volunteers
in each group for a total of 12 participants. All pilot participants
were students or postdoctoral researchers at the first author’s
university. Key changes based on feedback included: enlarged
the toggle button for switching between instruction versions to
improve discoverability; split the knowledge test into ten blocks
with a break to reduce fatigue. These refinements improved the
overall validity and participant experience of the formal study.

5.1. Study Design

A between-subject design (N=60) was used for the study.
The main factor of the study was the representation method of
the instruction: with the traditional text version (7ext, N=30)
and our complete visualization version (Vis, N=30) being the
two levels. The performance of participants was tested via a
questionnaire consisting of knowledge questions about parac-
etamol, subjective questions on usability and cognitive load,
and subjective comments on the current tested version.

Our hypotheses were as follows. Compared to the text group,
the visualization group would have:

H1 Higher score improvement in the knowledge questions.
Participants can understand medical knowledge more eas-
ily with visualization.

H2 Shorter response time for the knowledge questions.
With visualization, participants can read instructions more

efficiently and spend less time.

H3 Higher usability rating for the drug instruction. The
user interface of the visualization group is more intuitive,
easier to understand, and has the potential to support intu-

itive decision-making and analysis.

H4 Higher learnability rating for the drug instruction. Vi-

sualization potentially conveys complex data more easily.

HS Lower cognitive load. Visualization has the potential to

reduce information overload.
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The secondary factor of the study was the different visual-
ization versions of the instruction: two levels of the complete
version and the simplified version, which were tested using the
same 30 people. The applicability of these two versions was
tested via subjective questions on usability, subjective com-
ments, and a questionnaire consisting of concerns/interests of
drug instructions.

5.2. Tasks

To comprehensively evaluate the effectiveness of the visual-
ization (Vis) compared to the traditional text (7ext) instruction,
we designed a multi-faceted assessment. This assessment com-
bined objective knowledge tests with subjective usability and
cognitive load measures.

The test consisted of 10 single-choice questions designed to
assess comprehension of critical information such as indica-
tions, dosage, contraindications, and precautions. Each cor-
rect answer scored 5 points, resulting in total pre- and post-
test scores that both ranged from 0 to 50. We measured per-
formance using two primary metrics: “Scores improved”—
the difference between the post-test and pre-test scores (range:
0-50), representing knowledge gain after reading the instruc-
tions; “Time (s)”’—the time taken (in seconds) to complete the
post-test questions, indicating efficiency in locating and under-
standing information.

To assess subjective experience, we administered: (1) The
System Usability Scale (SUS) [79] to measure usability: by
combining different items of the SUS scale [79,180, 181]], we ob-
tained three indicators—Iearnability, usability, and total usabil-
ity. All SUS subscales and the total score range from 0 to 100.
(2) The NASA Task Load Index (NASA-TLX) [82] to evalu-
ate cognitive load. The NASA-TLX score also ranges from 0
to 100. (3) A text box to collect free-form feedback on clarity
and usefulness. These measures together allowed us to com-
pare the visualization and text versions across objective perfor-
mance, efficiency, usability, and cognitive effort. The complete
questionnaires for all tasks, including the knowledge test, SUS,
NASA-TLX, and the free-text questions, are provided in the
supplemental material (1.supplemental_material_main.pdf).

5.3. Participants

We specifically targeted primary household caregivers (par-
ents or guardians) as participants, as they represent a key demo-
graphic of real-world end-users who frequently read OTC drug
instructions and make medication decisions for their families.
To effectively access this group, we recruited on-site outside a
school classroom while they waited for their children. This set-
ting provided a practical opportunity to engage our target pop-
ulation in a familiar context.

The entire study was conducted face-to-face by the health
data group. To ensure a focused evaluation and minimize dis-
tractions, the research team designated a quiet area adjacent to,
but separate from, the main hallway traffic. All interactions
and questionnaire completion were carried out in this controlled
setting with the researcher’s direct supervision, ensuring partic-
ipant attention remained on the experimental tasks. All partic-
ipants were parents or guardians of the enrolled students.



A total of 60 participants over the age of 18 were recruited
and randomly assigned to either the Visualization (Vis, n=30)
or Text (Text, n=30) group. The demographic information of
participants is shown in There were no significant
differences between the two groups in age (p=0.516), gender
(p=1.000), education level (p=0.562), or medical background
(p=0.278) (Table [I), supporting a valid comparison. Most of
the participants were between 18 and 50 years old (Vis: 30,
Text:28), had obtained higher education (university and above)
(Vis: 30, Text:29), and had no medical background (Vis: 27,
Text:24). They were primary household caregivers for their
children, who were likely to read drug instructions and make
medication decisions, confirming they matched the profile of
our target caregiver user group.

Table 1: Basic information of participants in the user study.

Basic information Vis Text p-value
Age (year) 0.516
18-35 9 10

36-50 21 18

51-65 0 1

66+ 0 1

Gender 1.000
Male 11 11

Female 19 19

Education (year) 0.562
<9 0 0

9-12 0 1

13-16 9 10

>16 21 19

Medical background 0.278
Yes 3 6

No 27 24

5.4. Procedure

The study procedure followed a within-subjects and
between-subjects mixed design, comprising four main phases:
(1) background survey and pre-test, (2) intervention and post-
test with assigned instruction, (3) subjective rating, and (4) a
final comparative feedback session.

Laptop computers were used to show the Vis version (can
switch between the complete and simplified version, with the
complete version as the default) or the 7ext version in web
browsers. Participants answered the questionnaire through a
survey website (aided by the wjx survey platform [83]) from
their mobile phones. We briefly introduced to participants the
procedure of our experiment and how to use the assigned in-
struction and the questionnaire before the study began.

All participants were provided informed consent and had to
agree to participate. After the introduction page, the basic in-
formation on age, gender, education level, and medical back-
ground was collected through a single-choice question. Partic-
ipants were then invited to indicate their primary concerns or
information interests when reading drug instructions through a
multiple-choice survey. This question was designed to evaluate
whether the content covered in the proposed simplified version
aligned with users’ actual priorities. The multiple-choice for-
mat, rather than a ranking task, was chosen to efficiently cap-
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ture the perceived importance of each content item across a list
of 15 options while minimizing cognitive burden and better re-
flecting natural information-seeking behavior.

Phase 1: Pre-test. Next, the actual experiment began, and
the participants had to answer 10 knowledge questions regard-
ing paracetamol sustained-release tablets without referring to
any instructions.

Phase 2: Intervention & post-test. Subsequently, partici-
pants were randomly assigned to the Vis group of a complete
version (experiment) or the 7ext group (control). They were
asked to answer the 10 questions again while reading their as-
signed instructions. The order of the questions was different for
the second pass to avoid the learning effect.

Phase 3: Subjective rating. Later, they were asked to fill
out the SUS and NASA-TLX questionnaires and provide some
subjective evaluation/thoughts of their assigned version. For
the Vis group, participants were additionally introduced to the
simplified version and asked to fill out another SUS after try-
ing it out. All the information above was documented in the
questionnaire.

Phase 4: Comparative feedback. After completing the
questionnaire, we presented participants with the drug instruc-
tions of the other group, asking for their preferences and feed-
back using the think-aloud protocol, and recording manually on
paper.

The study took an average of 10 minutes, and each partici-
pant received compensation equal to the local minimum wage
per hour, approximately 3 USD.

5.5. Data Analysis

We used the Shapiro-Wilk test to check whether the variables
were normally distributed and Levene’s test to examine whether
the variables satisfied the assumption of homogeneity of vari-
ance. When the variables met the assumptions of normality
and homogeneity of variance, the Student’s t-test was used for
statistical analysis. Otherwise, the Mann-Whitney U test was
used.

6. Results

We collected questionnaires from all participants and doc-
umented participants’ comments, questions, and general feed-
back during the evaluation.

6.1. Visualization (complete) vs. Text

Distributions of the six indicators of the study results were
visualized with violin plots and boxplots as in Figure 0] We
did not conduct subgroup analyses, e.g., for age, gender, educa-
tion level, or medical background, due to insufficient numbers
of participants in these subgroups. “Scores improved” between
the groups found no significant difference (Scores improved:
15.674£10.57 vs. 19.17£8.91, t(58)=-1.387, p=0.171). The re-
sult did not reject nor confirm hypothesis H1. However, this
indicated that our visualization version conveyed drug informa-
tion with accuracy comparable to the traditional text version,
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suggesting it served as a complementary alternative to the cur-
rent version.

The response time of the Vis group was significantly shorter
than that of the Text group (Time(s): 212.89+90.09 vs.
310.914£174.25, z=3.001, p=0.003), indicating that H2 can be
accepted. Visualization has the potential to convey information
more efficiently.

The Vis version had statistically higher usability rat-
ing than that of the Text version (Usability: 72.44+16.60
vs.  63.44416.56, t(58)=2.093, p=0.041; Total usability:
71.754+15.17 vs. 62.17£16.38, t(58)=2.351, p=0.022), indi-
cating that H3 can be accepted.

No statistical difference was found for learnability (Learn-
ability: 69.17£23.61 vs. 57.08£30.21, z=-1.487, p=0.137) of
the two groups. However, compared to the Text group, the dis-
tribution of the Vis group was more concentrated and toward
high learnability, which indicated easy to learn. Further evi-
dence was needed for H4 to test the ability of visualization to
simplify complex data.

There was no statistically significant difference in NASA-
TLX results (NASA-TLX: 42.76+22.46 vs. 51.784+22.45, z=
1.616, p=0.106). However, as shown in Figure [9] compared
to the Text group, the distribution of the Vis group was toward
lower NASA-TLX, which indicated a lower cognition load.
Further evidence was needed for HS to test the ability of vi-
sualization to reduce information overload.
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Table 2: Subjective evaluation regarding the visualization and text version in-
structions.

Group  Comments

Vis  Clear and easy to understand 22
Key points highlighted 10
User-friendly 8
Look forward to use

Detailed content

A reasonable distinction of two versions

Easy to download

“Use with caution”, “not allowed” are still
difficult to understand

Lack of focus

The precautions are unorganized

The content is complex and not intuitive

Need to simplify a little bit

Too professional

Font size is too small

Need instructions for different populations
Need complementary video, animation, pictures

— N W A

Text

(NS \CRE PRV T e NN I N L

* N: the number of comments.

Subjective feedback was collected from think-aloud com-
ments and free-text questions. Similar responses were grouped,
and the frequency of each type of evaluation was summarized
in Table[2l

Feedback from the visualization group (Vis) was predomi-
nantly positive. High-frequency comments such as “Clear and
easy to understand” (N=22), “Key points highlighted” (N=10),
and “User-friendly” (N=8) directly reflected the effectiveness
of the visual design in enhancing readability and reducing cog-
nitive load. Notably, some participants explicitly expressed that
they “look forward to using" (N=4) the design, indicating ini-
tial practical value and user acceptance. Regarding the pref-
erence for the presentation method of instruction, almost all
participants (56 versus 4) chose the visualization version over
the traditional text version. However, a few comments pointed
out that icons for precaution legend — use with caution and
not allowed—remained “difficult to understand” (N=2). This
suggested that the semantics of certain icons should be further
improved for intuitiveness in the future.

In contrast, feedback from the text group (7ext) highlighted
drawbacks of traditional text-based instructions. Users com-
monly criticized the format for “Lack of focus” (N=19), “con-
tent is complex and not intuitive” (N=7), and noted that “The
precautions are unorganized” (N=8). These critiques under-
scored the inherent limitations of pure text in information struc-
turing and visual guidance. Importantly, some comments di-
rectly aligned with the core motivation of our design, such as
the need for “instructions for different populations” (N=2) and
for “complementary video, animation, pictures” (N=2), which
from the user’s perspective further validated the necessity and
significance of developing visualized, tiered instruction design.

In summary, the qualitative user feedback was consistent
with the quantitative performance and usability results, collec-
tively demonstrating that the visualization version offered sig-
nificant advantages in helping users locate information quickly,
comprehend key content, and improve the overall user experi-
ence. The specific comments also provided clear directions for



subsequent design refinement.

6.2. Simplified vs. Complete Vis Versions

To validate the content selection for our two-tiered design
(simplified vs. complete), we analyzed data from a survey ques-
tion administered during the study (see Section [5.4). Partici-
pants (N=60) were asked to indicate their primary information
concerns when reading drug instructions. The percentage of
participants selecting each section serves as a proxy for its per-
ceived importance to this user group.

The results, ordered by participant concern, are shown in
Figure [I0] The core sections intentionally included in the
simplified version—indications (78.33%), usage and dosage
(93.33%), and precautions/contraindications (48.33%)—were
among the highest-ranked concerns. In contrast, specialized
content (e.g., action mechanism, drug interactions) received
lower interest. This pattern confirms that the simplified ver-
sion’s content aligns closely with the real-world information
needs of the general public for daily medication use.

Analysis of Attention to the Contents of Drug Instructions

Usage and dosage H 98.33

Indications 78.33
Adverse reactions 75.00

Drug name 60.00

Ingredients 53.33

Contraindications 48.33
Expiry date 48.33
Specifications 40.00
Drug Classification 38.33
Precautions 31.67

Storage conditions 16.67

Contents of Drug Instructions

Drug interactions 13.33

Drug characteristics 11.67

Action mechanism 11.67

Packaging

Key focus contents
General contents

0 20

40 60 80
Percentage of Content Concern (%)

Figure 10: The main concerns/interests of drug instructions in daily medication
were gained from the user study of non-professionals. The core sections inten-
tionally emphasized in the simplified design (orange bar) received particularly
close attention.

While quantitative usability scores showed no significant dif-
ference between the simplified (78.15£11.86) and complete
(71.75+15.17) versions (¢(55) = 1.76, p = 0.084), qualitative
feedback reinforced the two-tiered design’s value. Although
nearly all participants (28/30) agreed the simplified version was
sufficient for daily needs, many added they would still con-
sult the complete version for specific, detailed inquiries. This
supports our design rationale: the simplified version efficiently
serves common public needs, while the complete version re-
mains available for deeper information access.

6.3. Workflow for Visualization Design of OTC Drug Instruc-
tions

Integrating the insights from our design study with pharma-
cists and the empirical results from the user study, we synthe-
sized a systematic workflow for creating visualizations of OTC
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drug instructions. The purpose of this workflow is to provide
designers and practitioners with a concrete, step-by-step guide
that translates our research findings into actionable practice,
ensuring the resulting designs are user-centered and evidence-
based. The workflow is summarized in Figure

The workflow consists of five sequential steps, progressing
from categorization to detailed visual encoding:

1. Determine the applicable drug category: Identify if the
drug falls into Categories 1-3 of our taxonomy (symptom-
based indications) (Figure@l)). Our framework and val-
idation currently apply to these categories. Drugs for com-
plex conditions (Categories 4-5) may require a distinct de-
sign approach.

2. Select and prioritize content for the simplified version:
Base the content selection on empirical user concerns (Fig-
ure[IT]2)-1). In our study, information on usage & dosage,
indications, and precautions (including contraindications
and adverse reactions) was rated as most critical by partic-
ipants. These elements should form the core of the simpli-
fied version.

3. Create a layout according to information priority:
Structure the layout to reflect user priorities and efficient
visual scanning (Figure [I1(2)-2). Our findings confirm
that placing indications and usage & dosage most promi-
nently, followed by precautions, aligns with user needs and
improves information retrieval, as supported by qualitative
feedback and quantitative scores.

Map usage and dosage to corresponding indications or
populations: Design a clear visual link (e.g., interactive
selection, decision tree, or side-by-side layout as shown
in Figure[8) based on the drug’s category (Figure[TT|2)-3).
This direct correspondence, validated in our user study, is
crucial for preventing dosing errors.

5. Design visual representations grounded in evidence:
Employ visualization types that proved effective in our
evaluation (Figure [IT[2)-4). For example, use hierarchi-
cal charts (icicle plots) for drug interactions, traffic-sign-
inspired icons for precautions, and highlighted text or
icons for key distinctions.

This workflow translates our empirical findings into concrete,
actionable steps for creating user-centered OTC drug instruc-
tions. While developed for Categories 1-3, its core principles
offer a foundation for adapting visualization strategies to other
drug information contexts.

7. Discussion

In this section, we discuss reflections on study results and
visualization design, the limitations of our current work, and
potential future directions.



(1) Taxonomy of visualization design

strategies of OTC drug instructions

(2) Visualization design framework of OTC drug instructions

1. Design drug
instructions for

Drugs
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Contents covered in simplified version for the general public:
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and dosage, contraindications, precautions, storage,
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dual-status
drugs

Cat.4. The indications
include diseases, mainly
dual-status drugs, a visual

2. Arrange the layout
according to the priority of >
sections and space utilization

3. Correspond
usage and dosage
to indications

4. Design appropriate
visualization for each
section

\4

1

representation is still
difficult to understand

¥

| 4a. Indications, usage and dosage |

l 4b. Three categories of precautions legends

The indications

Indication 1
—
Indication n

are symptoms

Cat. 1. Usage and
dosage vary with
indications

Click on different
indications to show
the corresponding
usage and dosage

ONA

Cat. 2. Usage and

[ contraindications | [ Not recommended/allowed | [ Use with caution

I+

dosage vary with T .
age/population 1 Population 1 | | Dosage 1 |
Indication /{ Population 2 |——| Dosage 2 | 4c. Drug interactions
Cat. 3. Usage and
dosage fixed \| Population n H Dosage n |

T CE—

Indication ‘

‘ Usage & Dosage ‘

Drug 2

Effect 1 Effect 2 Effect 3 Effect4

Figure 11: Taxonomy and visualization design framework for OTC drug instructions. (1) Our taxonomy of drug instructions, and in this work, we focus on OTC drug
instructions (Categories 1-3, Cat. 1-3). (2) The visualization design framework for OTC drug instructions, which includes four steps (1-4) and specific visualization
designs for the most concerning contents (4a-4c). Depending on the category, the specific design of 4a is different.

7.1. Reflections on Study Results and Visualization Design

While in our user study, there were no significant differences
in learnability or NASA-TLX scores between the Vis and the
Text group, the Vis group demonstrated higher usability ratings,
faster response time, and more positive user feedback. This in-
dicated that our visualization design could contribute to a more
user-friendly and easier-to-understand version of drug instruc-
tions that holds potential for broader application in the future.

The analysis of subjective feedback (Table [2) indicated a
trend where participants in the visualization (Vis) group pro-
vided predominantly positive comments regarding clarity and
ease of use, while those in the text (7ext) group more frequently
cited difficulties with information density and navigation. This
aligned with our quantitative findings of higher usability scores
for the Vis group. However, we acknowledged that participants’
awareness of evaluating a new design may have influenced their
responses, potentially amplifying criticism of the familiar text
format and positive appraisal of the novel visualization. There-
fore, while the qualitative feedback supported the quantitative
advantages of the visualization, it should be interpreted in con-
junction with the objective performance metrics (task time and
accuracy), which were less susceptible to such bias.

The Vis group’s initial accuracy was slightly higher than that
of the Text group; still, both groups demonstrated comparable
accuracy after reading the instructions. The similar accuracy
ceilings across non-professional groups suggested that medical
knowledge plays a significant role in comprehension, regardless
of the format in which the information was presented. Conse-
quently, visualizations of medical content, such as drug instruc-
tions, should consider the knowledge level, and it is reasonable
to design different visualizations for people with different ex-
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pertise. General user interface guidelines stated that content
and interaction should be adapted to different target groups and
scenarios [84]. In our case, both professionals and non-
professionals had varying needs for drug information, necessi-
tating tailored designs for specific populations. Our current de-
sign, which allowed switching between the simplified and com-
plete versions, was effective in addressing these diverse needs.
The simplified version efficiently delivered essential medica-
tion information to the public, ensuring correct use. At the
same time, the complete version, originally intended for med-
ical professionals, also provided detailed information for non-
professionals who may require more in-depth knowledge when
addressing specific concerns about medications.

Appropriate visualizations for each section of the instruc-
tions should be chosen. For example, our design employed
categorized pictograms to represent varying levels of precau-
tion (see Figure |'1;1'[2)-4b) and an icicle plot to differentiate hi-
erarchical drug-interaction information (see Figure @2)-40).
It is widely recognized that no single graphic can be univer-
sally understood by all individuals [27], as factors including
cultural background, age, and education level influence pic-
togram comprehension [33] 83 [86]. In line with this, feed-
back from our user study indicated that while most precaution
icons were readily understood, a few were perceived as overly
abstract by some participants. This observation underscored
the importance of complementing pictograms with concise text
labels—a design strategy we implemented. Furthermore, to
ensure accurate comprehension, our interactive prototype al-
lowed users to access the full, unmodified textual description
by hovering over or clicking on any pictogram. This com-
bined approach—using carefully designed icons supported by



immediate textual clarification—proved effective in our evalu-
ation for enhancing information communication. It is particu-
larly valuable in cross-language or low-literacy scenarios where
visuals can provide an accessible entry point to more detailed
textual information [36]].

An important design decision involves balancing a clean in-
terface with the discoverability of interactive features. In the
tested prototype, explicit visual affordances (e.g., tooltips, in-
structional cues, or highlighted interactive areas) were not in-
corporated to guide users toward interactive elements such as
clickable indications or hover-revealed details. This design de-
cision was made to prioritize the evaluation of core usability
and information comprehension without the influence of promi-
nent guidance elements. To ensure participants were aware of
the available interactivity, the researchers provided standard-
ized verbal instructions at the start of the questionnaire, explic-
itly indicating that hovering or clicking on relevant elements
could reveal additional information. This approach allowed
participants to begin with equivalent awareness of system func-
tionality while maintaining a clean interface for initial assess-
ment. We recognize that the absence of built-in visual affor-
dances may limit discoverability in unassisted use, and this will
be noted as a consideration for future iterations should the de-
sign proceed toward broader deployment.

A web-based format enables our proposed visualization tool
to be accessed across various devices (e.g., mobile phones, lap-
tops) without installation. To bridge physical packaging with
digital access, our proposed design can be linked via a QR
code printed on the drug package or paper insert, enabling
users to instantly access the interactive, visualization-based in-
structions online—thereby extending rather than replacing the
conventional paper format. Our primary contribution lies not
in proposing web or QR access itself—which builds on estab-
lished practice—but in the design, development, and empirical
evaluation of a visualization-based instruction tool tailored for
OTC drugs. While prior research has shown the value of digital
health tools (e.g., mobile communication [87], online informa-
tion [88]], digital storytelling [89]), our study provides new evi-
dence that structured visualizations significantly improve com-
prehension, usability, and informed use compared to traditional
text-based instructions. The tool is accessible via browser and
can also be downloaded or printed for practical reference.

7.2. Empirical Limitations

While our study provides evidence for the benefits of visual-
ized drug instructions, it is important to acknowledge its limita-
tions regarding expert involvement, participant diversity, design
execution, and regulatory status. These limitations contextual-
ize the findings and outline areas for future improvement.

Due to limited access to a broader pool of professionals, we
relied on the same three pharmacists involved in the design pro-
cess to evaluate the prototype, which may introduce biases such
as consensus bias or confirmation bias [90], and impact the ob-
jectivity and generalizability of our findings. To mitigate these
limitations, we conducted two rounds of pilot studies before the
main user study. Feedback from real users, who are also poten-
tial users of the instruction, during these iterations helped refine
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the prototype and complement the expert evaluations, enhanc-
ing the robustness and generalizability of our findings.

In this work, our controlled study primarily involved a rela-
tively young, highly educated population due to practical diffi-
culties in on-site recruitment. Although the two groups (visu-
alization group and text-only group) were comparable in terms
of educational background, and most participants were primary
family caregivers responsible for medication decisions for chil-
dren or elderly family members, we recognized that the diver-
sity of the sample in terms of age, health literacy, and other
dimensions was limited. To evaluate the influence of different
user factors on the effectiveness of the design, we expanded the
sample size in a follow-up crowd-sourcing study (106 partici-
pants in the visualization group and 107 in the text-only control
group) and further analyzed the effects of age, gender, educa-
tional level, and health literacy on the visualization outcomes.
The results indicated that the visualization design generally of-
fers better usability and lower cognitive load across most user
groups, with its benefits being particularly pronounced in non-
elderly (under 60 years old), female, university-educated pop-
ulations, and among individuals with limited health literacy.
[This study is under review elsewhere.] The pattern of its ad-
vantages varies, suggesting the design’s effectiveness is me-
diated by user characteristics. Further inclusion of more di-
verse participants would provide more representative evidence
for validating and refining the generalizability of the design.

The current study prioritized validating the interactive frame-
work and information hierarchy, which resulted in certain lim-
itations in visual design execution. Notably, color encodings
were used for categorical distinction without clinical semantic
meaning, text-background contrast was not fully optimized for
accessibility, and icon sets require further refinement for con-
sistency and professionalism. These aspects represent clear di-
rections for future work, where adoption of perceptually neu-
tral palettes with clear legends, enhanced contrast for readabil-
ity, and standardized medical iconography will be essential for
real-world deployment and broader user trust.

We conducted a between-subject user study to evaluate the
effectiveness of the visualization design but did not account for
how keyword search capabilities might affect response time dif-
ferences between the groups. However, since both groups used
a web interface with keyword search functionality on a laptop,
the conditions were comparable, and this factor is unlikely to
significantly impact the results.

Participants generally found the visualization version of the
drug instruction intuitive and usable, but expressed concerns
regarding its lack of regulatory approval. While expert phar-
macists endorsed the design from a professional standpoint, we
recommend that—at this stage—the visualized instructions be
implemented as a supplementary resource alongside officially
approved textual instructions, rather than as a standalone re-
placement. This supplemental approach would allow users to
benefit from enhanced comprehension while adhering to cur-
rent regulatory frameworks. In the future, we plan to pursue for-
mal evaluation and approval from relevant health authorities to
support the integration of visualization-based instructions into
standard medication information materials.



7.3. Future Work

Several directions for future research are possible, including
scaling the design process, extending the framework to more
complex drug types, and enhancing it with advanced technolo-
gies.

Our proposed solution can be extended to other OTC drug
instructions by following the established workflow. However,
scaling this process currently involves considerable manual text
processing and design effort. To address this, the potential of
generative artificial intelligence (Al), such as large language
models (LLMs), to semi-automate and accelerate the creation
of visual instructions should be explored. An interactive Al
agent that could adapt visual elements based on user proficiency
or interest and answer questions about the medication is also
desirable. However, as drug instructions are legal documents
critical for safe use, we emphasize that any Al-assisted process
must operate under strict human supervision to verify accuracy
and prevent potentially harmful misinformation.

In this work, we focused on the design of OTC drug in-
structions, primarily because non-professionals, including three
members of our interdisciplinary research team who do not
have medical expertise, face challenges in understanding more
complex medical information, such as specific disease indica-
tions. By offering means of simplification as well as details
on demand, our framework of OTC drug visualization is ben-
eficial for both non-professional and professional users. Phar-
macists expressed a strong interest in extending the visualiza-
tion approach to prescription drug instructions. They empha-
sized the potential benefits of creating customized visualiza-
tions tailored to a patient’s specific diagnosis. Furthermore,
they highlighted the need for professional-level visualizations
that incorporate detailed charts, such as pharmacokinetic plots,
especially when more comprehensive data becomes available.
Future work should explore tools for experts in that regard.

8. Conclusions

In this work, we conducted a design study for OTC drug vi-
sualization instructions to enhance comprehension. We system-
atically searched an official OTC drug database, deriving a tax-
onomy for the visualization of drug instructions. Through an
iterative design process in collaboration with pharmacists, we
developed and implemented visualization versions of instruc-
tions for three widely used OTC drugs selected by these experts.
Pharmacist feedback supported our specific design choices, as
well as the taxonomy we proposed for OTC drugs.

In addition to expert feedback, we conducted a controlled
user study with the general public to evaluate whether our de-
sign effectively facilitates information communication. The re-
sults demonstrated that the visualization version outperformed
the traditional text version in terms of response time and us-
ability while maintaining comparable accuracy in understand-
ing the drug paracetamol, and the feedback was more positive.
Our visualization version of drug instructions had the potential
to enhance the comprehension of OTC drug information. The
design of the simplified and complete versions met the needs of
users in different scenarios.
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The design workflow derived from our design study and user
study can be potentially extended to the visualization design of
many OTC drugs in the future, enhancing people’s understand-
ing of various drug information and thereby promoting more
rational medication use.

Declaration of competing interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Acknowledgment

This work was supported by the Beijing Social Science Fund,
China (grant NO. 25BJ03162).

Data availability

Data will be made available on request

References

[1] World Health Organization, The importance of pharmacovigilance:
Safety monitoring of medicinal products|(Dec. 2024).
URL https://iris.who.int/bitstream/handle/10665/42493/
a75646 . pdf
[2] F. Rajabiyazdi, C. Perin, L. Oehlberg, S. Carpendale, Communicating pa-
tient health data: A wicked problem, IEEE Computer Graphics and Ap-
plications 41 (6) (2021) 179-186. |doi:10.1109/MCG.2021.3112845,
[3] D. K. Raynor, A. Blenkinsopp, P. Knapp, J. Grime, D. J. Nicolson,
K. Pollock, G. Dorer, S. Gilbody, D. Dickinson, A. J. Maule, P. Spoor,
A systematic review of quantitative and qualitative research on the role
and effectiveness of written information available to patients about in-
dividual medicines, Health Technol Assess 11 (5) (2007) 178. |doi:
10.3310/hta11050.
URL http://journalslibrary.nihr.ac.uk/hta/htal1050
[4] L. R. Martin, S. L. Williams, K. B. Haskard, M. R. DiMatteo, The chal-
lenge of patient adherence, Therapeutics and Clinical Risk Management
1 (3) (2005) 189-199.
[S] N. A. Abudiyab, A. T. Alanazi, Visualization techniques in healthcare
applications: A narrative review, Cureus 14 (11) (2022) e31355. doi:
10.7759/cureus.31355.
[6] D. Gotz, D. Borland, Data-driven healthcare: Challenges and opportuni-
ties for interactive visualization, IEEE Computer Graphics and Applica-
tions 36 (3) (2016) 90-96. doi:10.1109/MCG.2016.59,
[7] J.J. Caban, D. Gotz, Visual analytics in healthcare — opportunities and
research challenges, Journal of the American Medical Informatics Asso-
ciation 22 (2) (2015) 260-262. doi:10.1093/jamia/ocv006.
[8] J. Chishtie, I. A. Bielska, A. Barrera, J.-S. Marchand, M. Imran,
S. F. A. Tirmizi, L. A. Turcotte, S. Munce, J. Shepherd, A. Senthi-
nathan, M. Cepoiu-Martin, M. Irvine, J. Babineau, S. Abudiab, M. Bjel-
ica, C. Collins, B. C. Craven, S. Guilcher, T. Jeji, P. Naraei, S. Jaglal,
Interactive visualization applications in population health and health ser-
vices research: Systematic scoping review, Journal of Medical Internet
Research 24 (2) (2022) e27534. doi:10.2196/27534.
URL https://www. jmir.org/2022/2/e27534


https://iris.who.int/bitstream/handle/10665/42493/a75646.pdf
https://iris.who.int/bitstream/handle/10665/42493/a75646.pdf
https://iris.who.int/bitstream/handle/10665/42493/a75646.pdf
https://iris.who.int/bitstream/handle/10665/42493/a75646.pdf
https://doi.org/10.1109/MCG.2021.3112845
http://journalslibrary.nihr.ac.uk/hta/hta11050
http://journalslibrary.nihr.ac.uk/hta/hta11050
http://journalslibrary.nihr.ac.uk/hta/hta11050
https://doi.org/10.3310/hta11050
https://doi.org/10.3310/hta11050
http://journalslibrary.nihr.ac.uk/hta/hta11050
https://doi.org/10.7759/cureus.31355
https://doi.org/10.7759/cureus.31355
https://doi.org/10.1109/MCG.2016.59
https://doi.org/10.1093/jamia/ocv006
https://www.jmir.org/2022/2/e27534
https://www.jmir.org/2022/2/e27534
https://doi.org/10.2196/27534
https://www.jmir.org/2022/2/e27534

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

M. G. C. A. Manchanayake, G. R. W. S. K. Bandara, N. R. Samaranayake,
Patients’ ability to read and understand dosing instructions of their own
medicines — a cross sectional study in a hospital and community pharmacy
setting, BMC Health Services Research 18 (425) (2018)./doi:10.1186/
s12913-018-3252-1.

M. Meuschke, L. A. Garrison, N. N. Smit, B. Bach, S. Mittenentzweli,
V. WeiB, S. Bruckner, K. Lawonn, B. Preim, Narrative medical visual-
ization to communicate disease data, Computers & Graphics 107 (2022)
144-157. doi:10.1016/j.cag.2022.07.017,

URL https://www.sciencedirect.com/science/article/pii/
S5009784932200139X

A. Hakone, L. Harrison, A. Ottley, N. Winters, C. Gutheil, P. K. J. Han,
R. Chang, PROACT: Iterative design of a patient-centered visualization
for effective prostate cancer health risk communication, IEEE Transac-
tions on Visualization and Computer Graphics 23 (1) (2017) 601-610.
doi:10.1109/TVCG.2016.2598588|

R. Ofori-Asenso, A. A. Agyeman, Irrational use of medicines-a sum-
mary of key concepts, Pharmacy (Basel) 4 (4) (2016) 35. doi:10.3390/
pharmacy4040035.

L. Melku, M. Wubetu, B. Dessie, Irrational drug use and its associated
factors at debre markos referral hospital’s outpatient pharmacy in east
gojjam, northwest ethiopia., SAGE Open Medicine 9 (2021). doi:10.
1177/20503121211025146.

World Health Organization, Promoting rational use of medicines| (Dec.
2024).

URL https://www.who.int/activities/
promoting-rational-use-of-medicines

D. Leelavanich, N. Adjimatera, L. Broese Van Groenou, P. Ananta-
choti, Prescription and non-prescription drug classification systems across
countries: Lessons learned for thailand., Risk Management and Health-
care Policy 13 (2020) 2753-2768. doi:10.2147/RMHP.S281629.

J. Chang, A. Lizer, I. Patel, D. Bhatia, X. Tan, R. Balkrishnan, Prescrip-
tion to over-the-counter switches in the united states., Journal of Research
in Pharmacy Practice 5 (3) (2016) 149-154./doi:10.4103/2279-042X.
185706.

I. Ray, M. Bardhan, M. M. Hasan, A. M. Sahito, E. Khan, S. Patel, I. Jani,
P. K. Bhatt, R. Sp, S. Swed, Over the counter drugs and self-medication:
A worldwide paranoia and a troublesome situation in india during the
COVID-19 pandemic., Annals of Medicine & Surgery 78 (2022) 103797.
do0i:10.1016/j.amsu.2022.103797.

J. K. Aronson, Over-the-counter medicines., in: British Journal of Clini-
cal Pharmacology, Vol. 58, England, 2004, pp. 231-234. doi:10.1111/
Jj--2004.02191.x,

J. Bukic, D. Rusic, P. Mas, D. Karabatic, J. Bozic, A. Seselja Perisin,
D. Leskur, D. Krnic, S. Tomic, D. Modun, |Analysis of spontaneous re-
porting of suspected adverse drug reactions for non-analgesic over-the-
counter drugs from 2008 to 2017, BMC Pharmacology and Toxicology
20 (1) (2019) 60. |doi: 10.1186/s40360-019-0338-2,

URL https://doi.org/10.1186/s40360-019-0338-2

Y. Tanibuchi, S. Omiya, T. Usami, T. Matsumoto, Clinical characteristics
of over-the-counter (OTC) drug abusers in psychiatric practice in japan:
Comparison of single and multiple OTC product abusers, Neuropsy-
chopharmacology Reports 44 (1) (2024) 176-186. |arXiv:https:
//onlinelibrary.wiley.com/doi/pdf/10.1002/npr2.12415|
doi:10.1002/npr2.12415,

URL  https://onlinelibrary.wiley.com/doi/abs/10.1002/
npr2.12415

M. J. Alomar, Factors affecting the development of adverse drug reactions
(review article)., Saudi pharmaceutical journal 22 (2014) 83-94. doi:
10.1016/3 . jsps.2013.02.003

18

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[31]

[32]

[33]

[34]

M. Williams, R. Parker, D. Baker, N. Parikh, K. Pitkin, W. Coates,
J. Nurss, Inadequate functional health literacy among patients at two pub-
lic hospitals., JAMA 274 (21) (1995) 1677-1682. doi:10.1001/jama.
1995.03530210031026.

Center for Drug Evaluation, NMPA, Format requirements for drug in-
structions (simplified version) and drug instructions (large print version)
and electronic drug instructions (full version) (Dec. 2024).

URL  https://www.cde.org.cn/main/news/viewInfoCommon/
fbe67£9737e40e062c£5770727d81d71

FDA, Patient medication information: A 2023 proposed rule to help
patients understand their prescription medication information/ (Dec.
2024).

URL https://www.fda.gov/drugs/cder-conversations/

patient-medication-information-2023-proposed-rule-help-patients

M. Rezaie, M. Tory, S. Carpendale, Struggles and strategies in under-
standing information visualizations, IEEE Transactions on Visualization
and Computer Graphics 30 (6) (2024) 3035-3048./doi:10.1109/TVCG.
2024 .3388560.

S. Haroz, R. Kosara, S. L. Franconeri, ISOTYPE visualization: Working
memory, performance, and engagement with pictographs, in: Proceedings
of the 33rd Annual ACM Conference on Human Factors in Computing
Systems, CHI ’ 15, Association for Computing Machinery, New York, NY,
USA, 2015, p. 1191-1200. doi:10.1145/2702123.2702275,

URL https://doi.org/10.1145/2702123.2702275

A. Burns, C. Xiong, S. Franconeri, A. Cairo, N. Mahyar, Designing with
pictographs: Envision topics without sacrificing understanding, IEEE
Transactions on Visualization and Computer Graphics 28 (12) (2022)
4515-4530./doi:10.1109/TVCG.2021.3092680.

D. Schubbe, P. Scalia, R. W. Yen, C. H. Saunders, S. Cohen, G. Elwyn,
M. van den Muijsenbergh, M.-A. Durand, Using pictures to convey health
information: A systematic review and meta-analysis of the effects on pa-
tient and consumer health behaviors and outcomes, Patient Education and
Counseling 103 (10) (2020) 1935-1960. doi:10.1016/j.pec.2020.
04.010!

URL https://www.sciencedirect.com/science/article/pii/
S073839912030197X

USP, USP pictograms (Dec. 2024).
URL  http://www.usp.org/usp-healthcare-professionals/
related-topics-resources/usp-pictograms

FIP, Pictograms — drawing solutions| (Dec. 2024).
URL https://wuw.fip.org/files/fip/publications/
PictogramsSoftware.pdf

RAD-AR, Exciting RAD-AR pictograms| (Dec. 2024).
URL https://www.core77.com/posts/4117/
Exciting-RAD-AR-pictograms

L. Kanji, S. Xu, A. Cavaco, Assessing the understanding of pharmaceu-
tical pictograms among cultural minorities: The example of hindu indi-
viduals communicating in european portuguese, Pharmacy 6 (1) (2018).
doi:10.3390/pharmacy6010022,

URL https://www.mdpi.com/2226-4787/6/1/22

S. N. Abdu-Aguye, A. M. Sadiq, A. Shehu, E. N. Mohammed, Guess-
ability of standard pharmaceutical pictograms in members of the nigerian
public, Exploratory Research in Clinical and Social Pharmacy 9 (2023)
100240. doi:10.1016/j.rcsop.2023.100240!

URL https://www.sciencedirect.com/science/article/pii/
S2667276623000215

P. S. Houts, C. C. Doak, L. G. Doak, M. J. Loscalzo, The role of pictures
in improving health communication: A review of research on attention,
comprehension, recall, and adherence, Patient Education and Counsel-
ing 61 (2) (2006) 173-190. doi:https://doi.org/10.1016/j.pec.
2005.05.004.

URL https://www.sciencedirect.com/science/article/pii/
S0738399105001461


https://doi.org/10.1186/s12913-018-3252-1
https://doi.org/10.1186/s12913-018-3252-1
https://www.sciencedirect.com/science/article/pii/S009784932200139X
https://www.sciencedirect.com/science/article/pii/S009784932200139X
https://doi.org/10.1016/j.cag.2022.07.017
https://www.sciencedirect.com/science/article/pii/S009784932200139X
https://www.sciencedirect.com/science/article/pii/S009784932200139X
https://doi.org/10.1109/TVCG.2016.2598588
https://doi.org/10.3390/pharmacy4040035
https://doi.org/10.3390/pharmacy4040035
https://doi.org/10.1177/20503121211025146
https://doi.org/10.1177/20503121211025146
https://www.who.int/activities/promoting-rational-use-of-medicines
https://www.who.int/activities/promoting-rational-use-of-medicines
https://www.who.int/activities/promoting-rational-use-of-medicines
https://doi.org/10.2147/RMHP.S281629
https://doi.org/10.4103/2279-042X.185706
https://doi.org/10.4103/2279-042X.185706
https://doi.org/10.1016/j.amsu.2022.103797
https://doi.org/10.1111/j..2004.02191.x
https://doi.org/10.1111/j..2004.02191.x
https://doi.org/10.1186/s40360-019-0338-2
https://doi.org/10.1186/s40360-019-0338-2
https://doi.org/10.1186/s40360-019-0338-2
https://doi.org/10.1186/s40360-019-0338-2
https://doi.org/10.1186/s40360-019-0338-2
https://onlinelibrary.wiley.com/doi/abs/10.1002/npr2.12415
https://onlinelibrary.wiley.com/doi/abs/10.1002/npr2.12415
https://onlinelibrary.wiley.com/doi/abs/10.1002/npr2.12415
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/npr2.12415
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/npr2.12415
https://doi.org/10.1002/npr2.12415
https://onlinelibrary.wiley.com/doi/abs/10.1002/npr2.12415
https://onlinelibrary.wiley.com/doi/abs/10.1002/npr2.12415
https://doi.org/10.1016/j.jsps.2013.02.003
https://doi.org/10.1016/j.jsps.2013.02.003
https://doi.org/10.1001/jama.1995.03530210031026
https://doi.org/10.1001/jama.1995.03530210031026
https://www.cde.org.cn/main/news/viewInfoCommon/fbe67f9737e40e062cf5770727d81d71
https://www.cde.org.cn/main/news/viewInfoCommon/fbe67f9737e40e062cf5770727d81d71
https://www.cde.org.cn/main/news/viewInfoCommon/fbe67f9737e40e062cf5770727d81d71
https://www.cde.org.cn/main/news/viewInfoCommon/fbe67f9737e40e062cf5770727d81d71
https://www.cde.org.cn/main/news/viewInfoCommon/fbe67f9737e40e062cf5770727d81d71
https://www.fda.gov/drugs/cder-conversations/patient-medication-information-2023-proposed-rule-help-patients-understand-their-prescription
https://www.fda.gov/drugs/cder-conversations/patient-medication-information-2023-proposed-rule-help-patients-understand-their-prescription
https://www.fda.gov/drugs/cder-conversations/patient-medication-information-2023-proposed-rule-help-patients-understand-their-prescription
https://www.fda.gov/drugs/cder-conversations/patient-medication-information-2023-proposed-rule-help-patients-understand-their-prescription
https://doi.org/10.1109/TVCG.2024.3388560
https://doi.org/10.1109/TVCG.2024.3388560
https://doi.org/10.1145/2702123.2702275
https://doi.org/10.1145/2702123.2702275
https://doi.org/10.1145/2702123.2702275
https://doi.org/10.1145/2702123.2702275
https://doi.org/10.1109/TVCG.2021.3092680
https://www.sciencedirect.com/science/article/pii/S073839912030197X
https://www.sciencedirect.com/science/article/pii/S073839912030197X
https://www.sciencedirect.com/science/article/pii/S073839912030197X
https://doi.org/10.1016/j.pec.2020.04.010
https://doi.org/10.1016/j.pec.2020.04.010
https://www.sciencedirect.com/science/article/pii/S073839912030197X
https://www.sciencedirect.com/science/article/pii/S073839912030197X
http://www.usp.org/usp-healthcare-professionals/related-topics-resources/usp-pictograms
http://www.usp.org/usp-healthcare-professionals/related-topics-resources/usp-pictograms
http://www.usp.org/usp-healthcare-professionals/related-topics-resources/usp-pictograms
https://www.fip.org/files/fip/publications/PictogramsSoftware.pdf
https://www.fip.org/files/fip/publications/PictogramsSoftware.pdf
https://www.fip.org/files/fip/publications/PictogramsSoftware.pdf
https://www.core77.com/posts/4117/Exciting-RAD-AR-pictograms
https://www.core77.com/posts/4117/Exciting-RAD-AR-pictograms
https://www.core77.com/posts/4117/Exciting-RAD-AR-pictograms
https://www.mdpi.com/2226-4787/6/1/22
https://www.mdpi.com/2226-4787/6/1/22
https://www.mdpi.com/2226-4787/6/1/22
https://doi.org/10.3390/pharmacy6010022
https://www.mdpi.com/2226-4787/6/1/22
https://www.sciencedirect.com/science/article/pii/S2667276623000215
https://www.sciencedirect.com/science/article/pii/S2667276623000215
https://www.sciencedirect.com/science/article/pii/S2667276623000215
https://doi.org/10.1016/j.rcsop.2023.100240
https://www.sciencedirect.com/science/article/pii/S2667276623000215
https://www.sciencedirect.com/science/article/pii/S2667276623000215
https://www.sciencedirect.com/science/article/pii/S0738399105001461
https://www.sciencedirect.com/science/article/pii/S0738399105001461
https://www.sciencedirect.com/science/article/pii/S0738399105001461
https://doi.org/https://doi.org/10.1016/j.pec.2005.05.004
https://doi.org/https://doi.org/10.1016/j.pec.2005.05.004
https://www.sciencedirect.com/science/article/pii/S0738399105001461
https://www.sciencedirect.com/science/article/pii/S0738399105001461

[35]

[36]

[37]

(38]

(39]

[40]

(41]

[42]

[43]

[44]

S. I. Sharif, M. Abdulla, A. Yousif, D. Mohamed, Interpretation of phar-
maceutical pictograms by pharmacy and non-pharmacy university stu-
dents, Pharmacology & Pharmacy 5 (8) (2014) 821-827. doi:10.4236/
pp.2014.58092.

URL https://www.sciencedirect.com/science/article/pii/
50003687016301168

A. W. Ng, A. H. Chan, V. W. Ho, Comprehension by older people of
medication information with or without supplementary pharmaceutical
pictograms, Applied Ergonomics 58 (2017) 167-175. doi:10.1016/j.
apergo.2016.06.005|

URL https://www.sciencedirect.com/science/article/pii/
S0003687016301168

P. Merks, J. Cameron, K. Bilmin, D. Swieczkowski, T. Chmielewska-
Ignatowicz, T. Harg¢zlak, K. Biatoszewska, K. F. Sola, M. J. Jaguszewski,
R. Vaillancourt, Medication adherence and the role of pictograms in med-
ication counselling of chronic patients: a review, Frontiers in Pharmacol-
ogy 12 (2021). |doi:10.3389/fphar . 2021 .582200,

URL https://www.frontiersin.org/journals/pharmacology/
articles/10.3389/fphar.2021.582200

M. M. Gutierrez, C. Patikorn, P. Anantachoti, Evaluation of pharmaceu-
tical pictogram comprehension among adults in the philippines., Jour-
nal of Pharmaceutical Policy and Practice 15 (1) (2022) 30. |doi:
10.1186/s40545-022-00426-y.

C. B. Mayhorn, R. C. Goldsworthy, New and improved: The role
of text augmentation and the application of response interpreta-
tion standards (coding schemes) in a final iteration of birth defects
warnings development, Birth Defects Research Part A: Clinical and
Molecular Teratology 85 (10) (2009) 864-871. arXiv:https:
//onlinelibrary.wiley.com/doi/pdf/10.1002/bdra.20601,
doi:10.1002/bdra.20601.

URL  https://onlinelibrary.wiley.com/doi/abs/10.1002/
bdra.20601

R. Malhotra, Y. W. Tan, S. D. Suppiah, S. S. C. Tay, N. C. Tan, J. Liu,
G. C.-H. Koh, A. Chan, R. Vaillancourt, Pharmaceutical pictograms:
User-centred redesign, selection and validation, PEC Innovation 2 (2023)
100116. doi:10.1016/j.pecinn.2022.100116.

URL https://www.sciencedirect.com/science/article/pii/
S2772628222001017

FIP, World health pictograms instructions for use (Dec. 2024).
URL https://www.fip.org/files/fip/MEPS/
PictogramsInstructions2009-07.pdf

M. Sharko, M. M. Sharma, N. C. Benda, M. Chan, E. Wilsterman, L. G.
Liu, M. Demetres, D. Delgado, J. S. Ancker, Strategies to optimize com-
prehension of numerical medication instructions: A systematic review
and concept map, Patient Education and Counseling 105 (7) (2022) 1888-
1903. /doi:10.1016/j.pec.2022.01.018|

URL https://www.sciencedirect.com/science/article/pii/
S073839912200043X

H. S. Yin, R. M. Parker, L. M. Sanders, A. Mendelsohn, B. P. Dreyer,
S. C. Bailey, D. A. Patel, J. J. Jimenez, K.-Y. A. Kim, K. Jacob-
son, M. C. Smith, L. Hedlund, N. Meyers, T. McFadden, M. S.
Wolf, [Pictograms, units and dosing tools, and parent medication
A randomized study, Pediatrics 140 (1) (2017) e20163237.
arXiv:https://publications.aap.org/pediatrics/
article-pdf/140/1/e20163237/909467/peds\_20163237.pdf,
doi:10.1542/peds.2016-3237,

URL https://doi.org/10.1542/peds.2016-3237

C€ITOor'S!

J. P. King, T. C. Davis, S. C. Bailey, K. L. Jacobson, L. A. Hedlund,
L. Di Francesco, R. M. Parker, M. S. Wolf, Developing consumer-
centered, nonprescription drug labeling: A study in acetaminophen,
American Journal of Preventive Medicine 40 (6) (2011) 593-598. doi:
10.1016/j.amepre.2011.02.016,

URL https://doi.org/10.1016/j.amepre.2011.02.016

19

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

D. G. Morrow, M. Weiner, M. M. Deer, J. M. Young, S. Dunn,
P. McGuire, M. D. Murray, Patient-centered instructions for medica-
tions prescribed for the treatment of heart failure, The American Jour-
nal of Geriatric Pharmacotherapy 2 (1) (2004) 44-52. doi:10.1016/
s$1543-5946(04)90006- 2.

URL https://www.sciencedirect.com/science/article/pii/
S1543594604900062

F. Wang, A. Preininger, Al in health: State of the art, challenges, and
future directions., Yearbook of Medical Informatics 28 (1) (2019) 16-26.
doi:10.1055/s-0039-1677908.

H. Ma, X. Yuan, X. Sun, G. Lawson, Q. Wang, Seeing your
stories:  Visualization for narrative medicine, Health Data Science
4 (2024) 0103. |arXiv:https://spj.science.org/doi/pdf/10.
34133/hds.0103,doi:10.34133/hds.0103.

URL https://spj.science.org/doi/abs/10.34133/hds.0103

C. Plaisant, R. Mushlin, A. Snyder, J. Li, D. Heller, B. Shneiderman, Life-
lines: Using visualization to enhance navigation and analysis of patient
records, in: B. B. BEDERSON, B. SHNEIDERMAN (Eds.), The Craft of
Information Visualization, Interactive Technologies, Morgan Kaufmann,
San Francisco, 2003, pp. 308-312. |[doi:https://doi.org/10.1016/
B978-155860915-0/50038-X.

URL https://www.sciencedirect.com/science/article/pii/
B978155860915050038X

U. Lakshmi, M. Hong, L. Wilcox, Integrating patient-generated observa-
tions of daily living into pediatric cancer care: A formative user inter-
face design study, in: 2018 IEEE International Conference on Healthcare
Informatics (ICHI), 2018, pp. 265-275. |doi:10.1109/ICHI.2018.
00037.

W. So, E. P. Bogucka, S. gc’epanovié, S. Joglekar, K. Zhou, D. Quercia,
Humane visual Al Telling the stories behind a medical condition, IEEE
Transactions on Visualization and Computer Graphics 27 (2) (2021) 678—
688./doi:10.1109/TVCG.2020.3030391.

M. Sedlmair, M. Meyer, T. Munzner, Design study methodology: Re-
flections from the trenches and the stacks, IEEE Transactions on Vi-
sualization and Computer Graphics 18 (12) (2012) 2431-2440. |doi:
10.1109/TVCG.2012.213,

B. Shneiderman, The eyes have it: A task by data type taxonomy for
information visualizations, in: Proceedings of the 1996 IEEE Symposium
on Visual Languages, VL 96, IEEE Computer Society, USA, 1996, p.
336./doi:10.5555/832277.834354.

S. McKenna, D. Mazur, J. Agutter, M. Meyer, Design activity framework
for visualization design, IEEE Transactions on Visualization and Com-
puter Graphics 20 (12) (2014) 2191-2200. |[doi:10.1109/TVCG.2014.
2346331,

T. Munzner, A nested model for visualization design and validation, IEEE
Transactions on Visualization and Computer Graphics 15 (6) (2009) 921—
928./d0i:10.1109/TVCG.2009.111.

E. Kerzner, S. Goodwin, J. Dykes, S. Jones, M. Meyer, A framework
for creative visualization-opportunities workshops, IEEE Transactions on
Visualization and Computer Graphics 25 (1) (2019) 748-758. |doi:10.
1109/TVCG.2018.2865241.

S. He, E. Adar, VizItCards: A card-based toolkit for infovis design educa-
tion, IEEE Transactions on Visualization and Computer Graphics 23 (1)
(2017) 561-570. doi:10.1109/TVCG.2016.2599338.

J. C. Roberts, C. Headleand, P. D. Ritsos, Sketching designs using the
five design-sheet methodology, IEEE Transactions on Visualization and
Computer Graphics 22 (1) (2016) 419-428.'doi:10.1109/TVCG.2015.
2467271,

URL https://doi.org/10.1109/TVCG.2015.2467271

M. Meyer, J. Dykes, Criteria for rigor in visualization design study, IEEE
Transactions on Visualization and Computer Graphics 26 (1) (2020) 87—
97.1d0i:10.1109/TVCG.2019.2934539.


https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://doi.org/10.4236/pp.2014.58092.
https://doi.org/10.4236/pp.2014.58092.
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://doi.org/10.1016/j.apergo.2016.06.005
https://doi.org/10.1016/j.apergo.2016.06.005
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.sciencedirect.com/science/article/pii/S0003687016301168
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.582200
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.582200
https://doi.org/10.3389/fphar.2021.582200
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.582200
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.582200
https://doi.org/10.1186/s40545-022-00426-y
https://doi.org/10.1186/s40545-022-00426-y
https://onlinelibrary.wiley.com/doi/abs/10.1002/bdra.20601
https://onlinelibrary.wiley.com/doi/abs/10.1002/bdra.20601
https://onlinelibrary.wiley.com/doi/abs/10.1002/bdra.20601
https://onlinelibrary.wiley.com/doi/abs/10.1002/bdra.20601
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/bdra.20601
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/bdra.20601
https://doi.org/10.1002/bdra.20601
https://onlinelibrary.wiley.com/doi/abs/10.1002/bdra.20601
https://onlinelibrary.wiley.com/doi/abs/10.1002/bdra.20601
https://www.sciencedirect.com/science/article/pii/S2772628222001017
https://www.sciencedirect.com/science/article/pii/S2772628222001017
https://doi.org/10.1016/j.pecinn.2022.100116
https://www.sciencedirect.com/science/article/pii/S2772628222001017
https://www.sciencedirect.com/science/article/pii/S2772628222001017
https://www.fip.org/files/fip/MEPS/PictogramsInstructions2009-07.pdf
https://www.fip.org/files/fip/MEPS/PictogramsInstructions2009-07.pdf
https://www.fip.org/files/fip/MEPS/PictogramsInstructions2009-07.pdf
https://www.sciencedirect.com/science/article/pii/S073839912200043X
https://www.sciencedirect.com/science/article/pii/S073839912200043X
https://www.sciencedirect.com/science/article/pii/S073839912200043X
https://doi.org/10.1016/j.pec.2022.01.018
https://www.sciencedirect.com/science/article/pii/S073839912200043X
https://www.sciencedirect.com/science/article/pii/S073839912200043X
https://doi.org/10.1542/peds.2016-3237
https://doi.org/10.1542/peds.2016-3237
http://arxiv.org/abs/https://publications.aap.org/pediatrics/article-pdf/140/1/e20163237/909467/peds_20163237.pdf
http://arxiv.org/abs/https://publications.aap.org/pediatrics/article-pdf/140/1/e20163237/909467/peds_20163237.pdf
https://doi.org/10.1542/peds.2016-3237
https://doi.org/10.1542/peds.2016-3237
https://doi.org/10.1016/j.amepre.2011.02.016
https://doi.org/10.1016/j.amepre.2011.02.016
https://doi.org/10.1016/j.amepre.2011.02.016
https://doi.org/10.1016/j.amepre.2011.02.016
https://doi.org/10.1016/j.amepre.2011.02.016
https://www.sciencedirect.com/science/article/pii/S1543594604900062
https://www.sciencedirect.com/science/article/pii/S1543594604900062
https://doi.org/10.1016/s1543-5946(04)90006-2
https://doi.org/10.1016/s1543-5946(04)90006-2
https://www.sciencedirect.com/science/article/pii/S1543594604900062
https://www.sciencedirect.com/science/article/pii/S1543594604900062
https://doi.org/10.1055/s-0039-1677908
https://spj.science.org/doi/abs/10.34133/hds.0103
https://spj.science.org/doi/abs/10.34133/hds.0103
http://arxiv.org/abs/https://spj.science.org/doi/pdf/10.34133/hds.0103
http://arxiv.org/abs/https://spj.science.org/doi/pdf/10.34133/hds.0103
https://doi.org/10.34133/hds.0103
https://spj.science.org/doi/abs/10.34133/hds.0103
https://www.sciencedirect.com/science/article/pii/B978155860915050038X
https://www.sciencedirect.com/science/article/pii/B978155860915050038X
https://www.sciencedirect.com/science/article/pii/B978155860915050038X
https://doi.org/https://doi.org/10.1016/B978-155860915-0/50038-X
https://doi.org/https://doi.org/10.1016/B978-155860915-0/50038-X
https://www.sciencedirect.com/science/article/pii/B978155860915050038X
https://www.sciencedirect.com/science/article/pii/B978155860915050038X
https://doi.org/10.1109/ICHI.2018.00037
https://doi.org/10.1109/ICHI.2018.00037
https://doi.org/10.1109/TVCG.2020.3030391
https://doi.org/10.1109/TVCG.2012.213
https://doi.org/10.1109/TVCG.2012.213
https://doi.org/10.5555/832277.834354
https://doi.org/10.1109/TVCG.2014.2346331
https://doi.org/10.1109/TVCG.2014.2346331
https://doi.org/10.1109/TVCG.2009.111
https://doi.org/10.1109/TVCG.2018.2865241
https://doi.org/10.1109/TVCG.2018.2865241
https://doi.org/10.1109/TVCG.2016.2599338
https://doi.org/10.1109/TVCG.2015.2467271
https://doi.org/10.1109/TVCG.2015.2467271
https://doi.org/10.1109/TVCG.2015.2467271
https://doi.org/10.1109/TVCG.2015.2467271
https://doi.org/10.1109/TVCG.2015.2467271
https://doi.org/10.1109/TVCG.2019.2934539

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

J. Eirich, J. Bonart, D. Jickle, M. Sedlmair, U. Schmid, K. Fischbach,
T. Schreck, J. Bernard, IRVINE: A design study on analyzing correlation
patterns of electrical engines, IEEE Transactions on Visualization and
Computer Graphics 28 (1) (2022) 11-21. doi:10.1109/TVCG.2021.
3114797,

Z. Liu, N. Nersessian, J. Stasko, Distributed cognition as a theoreti-
cal framework for information visualization, IEEE Transactions on Vi-
sualization and Computer Graphics 14 (6) (2008) 1173-1180. |doi:
10.1109/TVCG.2008.121,
URLhttps://doi.org/10.1109/TVCG.2008.121

S. Chen, C. Guo, X. Yuan, F. Merkle, H. Schaefer, T. Ertl, OCEANS:
online collaborative explorative analysis on network security, in: Pro-
ceedings of the Eleventh Workshop on Visualization for Cyber Security,
VizSec ’ 14, Association for Computing Machinery, New York, NY, USA,
2014, p. 1-8. doi:10.1145/2671491.2671493.

URL https://doi.org/10.1145/2671491.2671493

A. Crisan, S. E. Fisher, J. L. Gardy, T. Munzner, GEViTRec: Data recon-
naissance through recommendation using a domain-specific visualization
prevalence design space, IEEE Transactions on Visualization and Com-
puter Graphics 28 (12) (2022) 4855—4872. doi:10.1109/TVCG.2021.
3107749,

URL https://doi.org/10.1109/TVCG.2021.3107749

Y. Luo, P. Liu, E. K. Choe, Co-designing food trackers with dietitians:
Identifying design opportunities for food tracker customization, in: Pro-
ceedings of the 2019 CHI Conference on Human Factors in Computing
Systems, CHI ’ 19, Association for Computing Machinery, New York, NY,
USA, 2019, p. 1-13. /doi:10.1145/3290605. 3300822,
URL https://doi.org/10.1145/3290605.3300822

N. Mccurdy, J. Gerdes, M. Meyer, A framework for externalizing im-
plicit error using visualization, IEEE Transactions on Visualization and
Computer Graphics 25 (1) (2019) 925-935./doi:10.1109/TVCG.2018.
2864913,

Z. Liu, R. J. Crouser, A. Ottley, Survey on individual differences
in visualization, Computer Graphics Forum 39 (3) (2020) 693-712.
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/
cgf.14033,/doi:10.1111/cgf. 14033,

URL  https://onlinelibrary.wiley.com/doi/abs/10.1111/
cgf.14033

N. Mahyar, M. Jasim, A. Sarvghad, Designing technology for sociotech-
nical problems: Challenges and considerations, IEEE Computer Graph-
ics and Applications 40 (6) (2020) 76-87. |doi:10.1109/MCG.2020.
3017405.

A.Burns, C. Lee, R. Chawla, E. Peck, N. Mahyar, Who do we mean when
we talk about visualization novices?, in: Proceedings of the 2023 CHI
Conference on Human Factors in Computing Systems, CHI °23, Associ-
ation for Computing Machinery, New York, NY, USA, 2023, pp. 1-16.
doi:10.1145/3544548.3581524,

URL https://doi.org/10.1145/3544548.3581524

J.-Y. Mao, K. Vredenburg, P. W. Smith, T. Carey, The state of user-
centered design practice, Communications of the ACM 48 (3) (2005)
105-109. doi:10.1145/1047671.1047677.

URL https://doi.org/10.1145/1047671.1047677

S. Bgdker, C. Dindler, O. S. Iversen, R. C. Smith, Participatory Design,
Springer Cham, 2022. doi:10.1007/978-3-031-02235-7.

NMPA, A catalogue of over-the-counter chemicals| (Dec. 2024).
URL https://www.nmpa.gov.cn/datasearch/home-index.
html#category=yp

M. Fan, L. Zhou, A design study process model for medical visualization,
Journal of Visualization (2025). doi:10.1007/s12650-025-01099-w.

WHO, Health literacy| (Dec. 2025).
URL https://www.who.int/news-room/fact-sheets/detail/
health-literacy

20

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

D. K. Raynor, J. Silcock, P. Knapp, H. Edmondson, How do patients use
medicine information leaflets in the UK?, International Journal of Phar-
macy Practice 15 (3) (2007) 209-218./doi:10.1211/ijpp.15.3.0008.

B. Shneiderman, Designing the User Interface: Strategies for Effective
Human-Computer Interaction, 3rd Edition, Addison-Wesley Longman
Publishing Co., Inc., USA, 1997.

D3, The javascript library for bespoke data visualization (Dec. 2024).
URL https://d3js.org/

FLATICON, Access 17.6m+ vector icons & stickers (Dec. 2024).
URL https://wuw.flaticon.com/

FontAwesome, Take the hassle out of icons in your website.| (Dec. 2024).
URL https://fontawesome.com/

Noun Project, Icons and photos for everything| (Dec. 2024).
URL https://thenounproject.com/

J. Brooke, SUS—A Quick and Dirty Usability Scale., Vol. 189, Usabil-
ity Evaluation In Industry, Bloomingdale, IL, 1996. |doi:10.1201/
9781498710411-35,

A. Bangor, P. Kortum, J. Miller, Determining what individual SUS scores
mean: adding an adjective rating scale, Journal of Usability Studies 4 (3)
(2009) 114-123. doi:10.5555/2835587 .2835589.

J. Brooke, SUS: a retrospective, Journal of Usability Studies 8 (2) (2013)
29-40.|/doi:10.5555/2817912.2817913|

S. G. Hart, L. E. Staveland, Development of nasa-tlx (task load in-
dex): Results of empirical and theoretical research, in: P. A. Han-
cock, N. Meshkati (Eds.), Human Mental Workload, Vol. 52 of Ad-
vances in Psychology, North-Holland, 1988, pp. 139-183. doi:10.
1016/50166-4115(08)62386-9,

URL https://www.sciencedirect.com/science/article/pii/
S0166411508623869

wjx, wjx survey (Dec. 2024).
URL https://www.wjx.cn/app/survey.aspx

D. A. Norman, The design of everyday things: Revised and expanded
edition, 2013.
URL https://api.semanticscholar.org/CorpusID: 149414952

A. H. Chan, K. W. Chan, Effects of prospective-user factors and sign
design features on guessability of pharmaceutical pictograms, Patient Ed-
ucation and Counseling 90 (2) (2013) 268-275. doi:10.1016/j.pec.
2012.10.009.

URL https://www.sciencedirect.com/science/article/pii/
S0738399112004168

M. M. van Beusekom, P. Grootens-Wiegers, M. J. W. Bos, H.-J.
Guchelaar, J. M. van den Broek, Low literacy and written drug in-
formation: information-seeking, leaflet evaluation and preferences, and
roles for images, International Journal of Clinical Pharmacy 38 (2016)
1372-1379. doi:10.1007/s11096-016-0376-4,

P. L. Liu, J. FE Ye, Mobile patient-provider communication and
lifestyle improvement: Examining the role of mobile technology iden-
tity and health empowerment, Health Communication (2024) 1-13PMID:
39258731. arXiv:https://doi.org/10.1080/10410236.2024.
2402160, /doi:10.1080/10410236.2024.2402160.

URL https://doi.org/10.1080/10410236.2024.2402160

Y. K. Lai, J. F Ye, C. Yan, L. Zhang, X. Zhao, M. T. C. Liu,
From online to offline: How different sources of online health infor-
mation seeking affect patient-centered communication in chinese older
adults? the roles of patient activation and patient—provider discus-
sion of online health information, Health Communication (2024) 1-
12PMID: 39434584. arXiv:https://doi.org/10.1080/10410236.
2024.2419194,/doi:10.1080/10410236.2024.2419194.
URLhttps://doi.org/10.1080/10410236.2024.2419194


https://doi.org/10.1109/TVCG.2021.3114797
https://doi.org/10.1109/TVCG.2021.3114797
https://doi.org/10.1109/TVCG.2008.121
https://doi.org/10.1109/TVCG.2008.121
https://doi.org/10.1109/TVCG.2008.121
https://doi.org/10.1109/TVCG.2008.121
https://doi.org/10.1109/TVCG.2008.121
https://doi.org/10.1145/2671491.2671493
https://doi.org/10.1145/2671491.2671493
https://doi.org/10.1145/2671491.2671493
https://doi.org/10.1145/2671491.2671493
https://doi.org/10.1109/TVCG.2021.3107749
https://doi.org/10.1109/TVCG.2021.3107749
https://doi.org/10.1109/TVCG.2021.3107749
https://doi.org/10.1109/TVCG.2021.3107749
https://doi.org/10.1109/TVCG.2021.3107749
https://doi.org/10.1109/TVCG.2021.3107749
https://doi.org/10.1145/3290605.3300822
https://doi.org/10.1145/3290605.3300822
https://doi.org/10.1145/3290605.3300822
https://doi.org/10.1145/3290605.3300822
https://doi.org/10.1109/TVCG.2018.2864913
https://doi.org/10.1109/TVCG.2018.2864913
https://onlinelibrary.wiley.com/doi/abs/10.1111/cgf.14033
https://onlinelibrary.wiley.com/doi/abs/10.1111/cgf.14033
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/cgf.14033
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/cgf.14033
https://doi.org/10.1111/cgf.14033
https://onlinelibrary.wiley.com/doi/abs/10.1111/cgf.14033
https://onlinelibrary.wiley.com/doi/abs/10.1111/cgf.14033
https://doi.org/10.1109/MCG.2020.3017405
https://doi.org/10.1109/MCG.2020.3017405
https://doi.org/10.1145/3544548.3581524
https://doi.org/10.1145/3544548.3581524
https://doi.org/10.1145/3544548.3581524
https://doi.org/10.1145/3544548.3581524
https://doi.org/10.1145/1047671.1047677
https://doi.org/10.1145/1047671.1047677
https://doi.org/10.1145/1047671.1047677
https://doi.org/10.1145/1047671.1047677
https://doi.org/10.1007/978-3-031-02235-7
https://www.nmpa.gov.cn/datasearch/home-index.html#category=yp
https://www.nmpa.gov.cn/datasearch/home-index.html#category=yp
https://www.nmpa.gov.cn/datasearch/home-index.html#category=yp
https://doi.org/10.1007/s12650-025-01099-w
https://www.who.int/news-room/fact-sheets/detail/health-literacy
https://www.who.int/news-room/fact-sheets/detail/health-literacy
https://www.who.int/news-room/fact-sheets/detail/health-literacy
https://doi.org/10.1211/ijpp.15.3.0008
https://d3js.org/
https://d3js.org/
https://www.flaticon.com/
https://www.flaticon.com/
https://fontawesome.com/
https://fontawesome.com/
https://thenounproject.com/
https://thenounproject.com/
https://doi.org/10.1201/9781498710411-35
https://doi.org/10.1201/9781498710411-35
https://doi.org/10.5555/2835587.2835589
https://doi.org/10.5555/2817912.2817913
https://www.sciencedirect.com/science/article/pii/S0166411508623869
https://www.sciencedirect.com/science/article/pii/S0166411508623869
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1016/S0166-4115(08)62386-9
https://www.sciencedirect.com/science/article/pii/S0166411508623869
https://www.sciencedirect.com/science/article/pii/S0166411508623869
https://www.wjx.cn/app/survey.aspx
https://www.wjx.cn/app/survey.aspx
https://api.semanticscholar.org/CorpusID:149414952
https://api.semanticscholar.org/CorpusID:149414952
https://api.semanticscholar.org/CorpusID:149414952
https://www.sciencedirect.com/science/article/pii/S0738399112004168
https://www.sciencedirect.com/science/article/pii/S0738399112004168
https://doi.org/10.1016/j.pec.2012.10.009
https://doi.org/10.1016/j.pec.2012.10.009
https://www.sciencedirect.com/science/article/pii/S0738399112004168
https://www.sciencedirect.com/science/article/pii/S0738399112004168
https://doi.org/10.1007/s11096-016-0376-4
https://doi.org/10.1080/10410236.2024.2402160
https://doi.org/10.1080/10410236.2024.2402160
https://doi.org/10.1080/10410236.2024.2402160
http://arxiv.org/abs/https://doi.org/10.1080/10410236.2024.2402160
http://arxiv.org/abs/https://doi.org/10.1080/10410236.2024.2402160
https://doi.org/10.1080/10410236.2024.2402160
https://doi.org/10.1080/10410236.2024.2402160
https://doi.org/10.1080/10410236.2024.2419194
https://doi.org/10.1080/10410236.2024.2419194
https://doi.org/10.1080/10410236.2024.2419194
https://doi.org/10.1080/10410236.2024.2419194
http://arxiv.org/abs/https://doi.org/10.1080/10410236.2024.2419194
http://arxiv.org/abs/https://doi.org/10.1080/10410236.2024.2419194
https://doi.org/10.1080/10410236.2024.2419194
https://doi.org/10.1080/10410236.2024.2419194

[89]

[90]

Y. Yuan, S. Zhou, J. Xu, X. Li, Promoting resilience and well-
being of young adults with diabetes through digital storytelling
in arts-based research, Health Communication (2024) 1-11PMID:
39501781. |arXiv:https://doi.org/10.1080/10410236.2024.
2424408, doi:10.1080/10410236.2024.2424408.

URL https://doi.org/10.1080/10410236.2024.2424408

N. Eastman, K. Rix, Bias in expert witness practice: sources, routes to ex-
pression and how to minimise it, BJPsych Advances 28 (1) (2022) 35-45.
doi:10.1192/bja.2021.19.

21


https://doi.org/10.1080/10410236.2024.2424408
https://doi.org/10.1080/10410236.2024.2424408
https://doi.org/10.1080/10410236.2024.2424408
http://arxiv.org/abs/https://doi.org/10.1080/10410236.2024.2424408
http://arxiv.org/abs/https://doi.org/10.1080/10410236.2024.2424408
https://doi.org/10.1080/10410236.2024.2424408
https://doi.org/10.1080/10410236.2024.2424408
https://doi.org/10.1192/bja.2021.19

	Introduction
	Pharmaceutical Background
	Related Work
	Pharmaceutical Information Comprehension
	Visualization for Medical Communication
	Visualization Design Studies

	Visualization Design Study for Drug Instructions
	Decision on Visualization Design for OTC Drugs and a Taxonomy of Drug Instructions
	Initial Design Attempts
	Taxonomy of Drug Instructions

	Visualization Design Requirements for OTC Drug Instructions
	Initial Prototype of an OTC Drug Instruction
	Indications, Usage and Dosage
	Precautions
	Drug Interactions

	Feedback on Initial Prototype
	Revised Prototype
	Designs for Other OTC Categories
	Expert User Evaluation on the Revised Prototype and the Taxonomy of OTC Drug Instructions
	Implementation

	Evaluation of the Visualization Design
	Study Design
	Tasks
	Participants
	Procedure
	Data Analysis

	Results
	Visualization (complete) vs. Text
	Simplified vs. Complete Vis Versions
	Workflow for Visualization Design of OTC Drug Instructions

	Discussion
	Reflections on Study Results and Visualization Design
	Empirical Limitations
	Future Work

	Conclusions

