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ABSTRACT

Optimizing the adherence to medical prescriptions remains an ongo-
ing challenge in our health care systems. Among the many reasons
for non-adherence (including socioeconomic status) are forgetful-
ness and the need to manage dynamically evolving busy lives. Elec-
tronic medication reminder apps have become broadly available to
aid this situation. However, these apps are rarely integrated with
other tools used for managing day to day activities, e.g., general
electronic calendars. In this paper, we investigate the design of calen-
dars that can also be used for managing medical prescriptions. The
proposed designs include mechanisms for visualizing medication
entries and communicating attributes related to medication prescrip-
tions. The designs also include ways of annotating conflicts arising
from scheduling of medication entries that violate temporal con-
straints specified in the prescriptions. A user study was conducted to
evaluate the calendar designs. The results indicate potential benefits
and considerations for utilizing calendars to manage prescriptions.

Index Terms: Visualization—Visualization design and evaluation
methods—Calendar Design—Prescription Schedules.

1 INTRODUCTION

A prescription is a common and important form of medical inter-
vention provided a clinician to a patient [1]. It indicates actions
such as taking medications, following a diet, or executing physical
exercises [2]. When agreed upon between a patient and their health-
care provider, the patient is expected to follow their prescription [3].
The extent to which a patient follows an agreed-upon prescription
is referred to as adherence [2]. Non-adherence to prescriptions is
a significant problem in healthcare [2, 4]. Adherence rates average
50% and account for 33-69% of hospital re-admissions, resulting
into billions of dollars per year [5, 6].

Non-adherence is a multidimensional phenomenon, influenced by
a complex interplay between socioeconomic, healthcare system-
related, medical condition-related, therapy-related and patient-
related factors [7]. Patient-related factors of non-adherence include
fear of side effects, cost implications, too many medications, failure
to perceive benefit, and mistrust of prescribing physicians [8–10].
Non-adherence can also result from forgetfulness and inadvertent
omissions that result from failure to make lifestyle changes that take
the prescriptions into consideration [11, 12]. Forgetfulness is often
addressed through reminders that trigger alarms when a patient is
supposed to take medications [6, 10, 13–15]. But for patients with
frequent and dynamically changing schedules, static reminders of-
ten fall short of addressing the problem. Consider a patient who
manages a busy schedule of dynamically changing day-to-day com-
mitments using an application (typically a calendar), while using a
separate medication reminder app. What happens when a medication
reminder is triggered during the time when the patient is busy? How
does that patient reschedule the reminder taking into considerations
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other activities already planned for? How does one resolve clashes
between other activities and medication administration without vi-
olating the constraints specified in the prescription? An integrated
redesign of these apps is necessary to address these questions.

Electronic calendars have become instrumental in the manage-
ment of daily activities [16–18]. They are used to coordinate in-
teractions among individual schedules of family or team members
and can convey meaning and values behind the priorities of schedul-
ing [19]. Calendars have been used to visualize temporal trends that
include everyday activities such as energy use in work places, fitness
tracking, and work routines [20–22].

We are interested in exploring the possibility of integrating pre-
scription management into electronic calendars that are already used
by many patients [23, 24]. Such integration comes with challenges.
The first challenge is how to render the prescription entries so that
the user can differentiate between a normal calendar entry and one
that is part of a prescription. The second challenge is how to ensure
that patients who reschedule prescriptions do so within the specified
safety constraints.

Our design goal is to integrate prescriptions into calendars with
support for safety checks that avoid (or at least indicate) changes to
schedules that no longer adhere to prescribed constraints (DG1). We
consider ways of rendering medication entries so that they are easily
identifiable and that all medication-related information is clearly con-
veyed. We explore ways of rendering unsafe drug-interactions that
may arise when medication administration times are being sched-
uled or changed. This is an important aspect to consider because
administration times that conflict with a prescription are considered
a form of non-adherence [25]. To our knowledge, incorporating
prescriptions and reminders into calendars has not been studied
before.

Our contribution is twofold. First, we identify and discuss consid-
erations for the design of calendars that support medication prescrip-
tions. Such calendars allow for the scheduling of medication actions
alongside other everyday activities and provide a way for rendering
and resolving conflicts when they are raised by unsafe schedules
(i.e., schedules that violate constraints specified in the prescriptions).
Second, we present the results of a qualitative study with twelve
participants interacting with alternative calendar designs. Results
indicate the potential benefit of equipping electronic calendars that
already in use by many patients with additional functionality to sup-
port the scheduling of medication prescriptions. Users are generally
in favour of using such an integrated approach that leverages their
familiarity with existing tools. Results also show that it is feasible
to design calendars that effectively communicate unsafe medication
schedules. These results inform five additional design goals that an
integrated calendar should address: the use of familiar design (DG2),
avoiding clutter (DG3), allowing for personalization (DG3), support-
ing personal reflection (DG5), and highlighting for user attention
(DG6).

In the remainder of this paper, we first provide a review of rel-
evant literature. We then describe the data format of medication
prescriptions and basic usability requirements for an on-calendar
prescription visualization, before introducing three alternative de-
signs. We subsequently report on the design of our user study, its
methodology and our results, before deriving a set of design consid-
erations for integrating prescriptions into calendars.
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Figure 1: Calendar design with daily medication summaries that giver users a preview (Name and number of times) of the medication to be
administered on a particular day.

2 RELATED WORK

We review the literature relevant to on-calendar prescription vi-
sualization. This includes work related to medication reminders,
visualization of schedules, and on-calendar visualizations.

2.1 Medication Reminders
Reminders are among the most common technological interventions
to improve adherence to medication [4, 26, 27]. Reminders can take
many forms, including interventions of caregivers through video
and voice calls [28] and text messages [29], smart pill boxes [10],
and computer applications [13]. Focusing on systems that visually
represent reminder events to stay within the scope of this research,
we identified two relevant technological interventions.

The first one is a health literacy tool called Medication Calen-
dar [14]. It was designed to improve antihypertensive medication
adherence. The Medication Calendar provides a graphical view of
medication to be taken during a given section of a day. Its layout
shows Morning, Afternoon, Evening, and Bedtime as columns and
the medications as rows. It displays (in text format) the name of
the medication, the time of day that it should be administered, the
number of times daily that it should be taken, dosage information,
and additional clinical indications. The application then triggers
reminders when it is time to administer the medication.

The second relevant intervention is a tool for representing graphi-
cally enhanced interventions for coronary heart disease [30] The tool
shows the time of day (Morning, Afternoon, Evening, and Bedtime)
as columns and the list of medication as rows. An additional col-
umn indicates the purpose of the medication. Row headers include
medication name, dosage, and the time of day when it should be
administered. The novelty in this work is that the table cells contain
graphical images of the corresponding medication.

These two contributions provide foundational design elements
to consider for visualizing medications and their reminders in a
calendar-style design. Specifically, the layout (columns and rows)
and design concepts (graphical representation of drug entities) pro-
vide a starting point for an integrated design.

2.2 Visualization of schedules
To introduce medication reminders and schedules in general calendar
applications, we turn to related work on visualization of schedules.
Defined broadly, visualization of schedules involves the represen-
tation of planned events on a timeline that depicts a sequence of
events (where each event has a single time point) or interval event
(continuous quantitative time-series data) [31]. The events are often
represented as bars that span multiple time points or nodes that are
attached to single time points.

Gantt charts [32] and Pert charts [33] are two standard ways of
representing event schedules that have been extended (addressing
issues such as visual clutter and event prioritization) to solve plan-
ning problems in the field of Engineering (e.g., [34–36]). While not
exclusively focusing on visualizing planned events, in the healthcare
context a large number of systems have been developed for visual

analysis of patient’s cohorts temporal data (that also consist of series
of temporal events). Lifeline [37, 38], Lifeflow [39], Prima [40]
and TimeSpan [41] are some of the works that have explored visual-
ization of timelines to show patients’ temporal information such as
medication histories, hospital visitations, and treatment processes.
Walker et al. [42], developed patients’ visualizations for emergency
department wait times.

In this research, we focus on i) visualizing a single patient’s data,
and ii) visualizing events on typical calendar layouts, which often
consist of two-dimensional charts where one dimension shows days
and the other dimension shows the time of day [43]. Alternative
layouts exist and we discuss them in the next subsection.

2.3 On-Calendar Visualization
Two dominant models are used to visualize events on a calendar: the
radial model and the linear model [44]. With the radial model, data
points are positioned along a circle, ellipse, or spiral [45]. Lines
are usually drawn from the center of the circle to its circumference
at equal adjacent spacing to represent time points. Rings drawn
from the center of the circle extending outwards are added to further
divide the temporal dimension. Popularized by William Playfair [46]
and Florence Nightingale [47], radial calendars have proven effec-
tive in visualizing univariate calendar events. Variations of these
include Radar Bars [48] and Radar Plots [49]. Radial calendars
have been used to show daily consumption of provisions of everyday
supplies for a whole calendar year by varying the color and size
of marks along the rings [44]; to visualize personal data obtained
from different body sensors [50] by positioning stacked bars on
a single ring with 24 partitions for a 24-hour day; or quantified-
self data [51] by showing streamgraphs and heatmaps of multi-year
data along a spiral. Although hailed as state-of-the-art [48] and
space-efficient [52], the radial model has limits when it comes to
representing multivariate data and data without a defined time limit.

The linear model does not suffer from the same limitations as the
radial model. It entails the conventional calendar layout with rows
and columns representing days and times of day (or vice versa), and
each cell representing a time interval of a particular day [53, 54].
Huang et al. incorporated quantitative user feedback data, collected
from daily activities using Fitbit, within a personal digital calen-
dar [21]. Basing their design on Google calendar [54], they overlaid
the calendar with horizontal line graphs to show a user’s level of
activity each day. Wijk et al. used a linear calendar to show both
the power demand and employee presence at a research facility [20]
using color hue, height, and color saturation. MineTime Insight [55]
is a tool for improving short and long-term scheduling decisions.
It uses a calendar design to show multiple coordinated views for
the exploration of personal calendar data. This tool however, con-
centrates on the analysis of calendar data and not on augmenting
the calendar with additional information, such as medication events.
Researchers have also investigated shared calendars [56], and more
recently, how calendars can be used to enhance team communication
and collaboration [57]. In the latter, they augmented a calendar



with visualization support for the exploration of conversation data
generated by team messaging platforms like Slack. They used color
to identify keywords in messages, size to indicate word frequency,
and lines to show connections between messages within the channel.

Incorporating non-standard data, such as fitness data or daily
activities, on a calendar view has been studied at length [44, 50, 55–
57]. However, these efforts do not fully support the visualization of
medication schedules requirements because most research efforts
i) focus on representing univariate and quantitative data; ii) tend
to ignore the standard calendar events already present; and iii) are
usually limited to supporting events with only two attributes (time
and a quantitative attribute) [23, 37, 41]. Visualizing events with
a temporal and a quantitative attribute is usually achieved through
adding line graphs [21], shading [57], or bars [50] to the calendar.
Those are the only visual elements added to the calendar view. Our
work differs from this scenario because in our context, events have
more than two attributes (allowed placement interval, preferred
time, duration, and other descriptive units), are to be presented
alongside the normal calendar events, and mechanisms are needed
to visually communicate conflicts between events. To the best of
our knowledge, there is no existing calendar design that presents a
way of visually communicating conflicts that may arise between two
or more events, and visualizing prescriptions with their temporal
constraints alongside other activities in a standard calendar has not
previously been investigated.

3 MEDICATION PRESCRIPTIONS

To design an on-calendar visualization of prescriptions, we need to
i) understand the relevant characteristics of a prescription; and ii)
the usability requirements such a system should support.

3.1 Prescription Characteristics
According to Ethier et al. [58], a prescription is made of the differ-
ent parts which define the modalities of administration for a given
drug. The underlying building block is the drug prescription item.
The drug prescription item comprises the drug administration spec-
ification, healthcare objective specification, and drug distribution
specification. The drug administration specification is the part that
contains information that pertains to drug administration. This in-
formation includes the drug product specification (which indicates
the name of the drug), drug dosage specification (which indicates
the dosage, administration route, and dosing conditions), and drug
course specification (which indicates the the starting condition and
the duration of the prescription). Kumar et al. [59] summarizes
these building blocks as superscription (directive to take), inscrip-
tion (name and dose), subscription (directions to the pharmacists),
and signature (instructions for Patient), and Fox [60] as drug name,
drug dose, drug dose units, drug dose frequency, duration (compris-
ing start and end date), and indication. Like others (e.g. [14,30]), we
adopt the latter classification by Fox [60] because of the simplicity
and directness of the naming convention.

Following this classification, the design of an on-calendar pre-
scription visualization should support medication entries with the
following attributes: Drug name (D1), Drug dose (D2), Drug dose
frequency (D3), Duration (D4), and Drug indications (D5). These
attributes are all employed by prescriptions in both short term (acute)
and long term (chronic) disease management [61].

As an example of how these data items exist in a prescription, let
us consider the following scenario presented by Diemert et al [62].

Ms. Smith’s physician has prescribed 6mg of Warfarin
to be taken orally once daily to address her deep vein
thrombosis. Additionally, she was prescribed 15 mg of
long-acting Morphine orally twice daily and 600 mg of
Ibuprofen to be taken three times a day as needed with
food to help manage her pain.

The scenario above specifies three different medications: War-
farin, Morphine, and Ibuprofen. The classification above describes
the prescribed Ibuprofen, for example, with a name (Ibuprofen - D1),
dosage (6mg - D2), frequency (three times a day - D3), duration (no
end specified - D4), and indication (with food - D5). In the rest of
the document, we use the term medication more often than the term
drug because it refers more broadly to an entry in a prescription [62];
it also includes prescription of physical activity, for example.

3.2 Usability Requirements
An on-calendar prescription visualization should support tasks that
relate to reading calendar entries (e.g., reading calendar events and
accessing event information) and to managing calendar entries (e.g.,
adding, editing and deleting calendar entries).

Representing medication prescriptions in general-purpose calen-
dars requires adding visual information about these prescriptions on
top of an existing planned schedule. This means that such a calendar
must support tasks related to reading calendar entries (basic function
of a calendar) as well as reading information about prescriptions and
their potential conflicts.

Tasks related to reading standard calendar entries have been dis-
cussed in previous work [63–65]. These include tasks related to
retrieving temporal features and reading event-related information
such as date, time, location and purpose. From this, we derive the
following basic usability requirement:

Rlayout : The user should be able to correctly and efficiently
read the calendar’s temporal features. These features include
the calendar’s current day, month and year; the days of the
week; and the times of the day.

The addition of medication entries in the calendar introduces
new visual elements. Medication entries communicate more details
(D1 - D5) than the standard title, time, and location of regular
calendar entries [66–68]. Integrating prescriptions in a general-
purpose calendar involves integrating Personal Health Information
(PHI) and related activities into calendars [69–71]. Therefore, a
design that integrates prescription visualization to a calendar should
satisfy the following prescription-related usability requirement:

Rmedic: The user should be able to accurately and efficiently
identify the calendar’s medication entries. They should also be
able to read the entries’ name (D1), dosage (D2), frequency
(D3), duration (D4), and indications (D5).

Prescriptions come with constraints, e.g., drug dosage, adminis-
tration frequency and other indications. Constraints may relate to a
single medication or a set of different medications. An example of
within-medication constraints is found in the the prescription Take
600 mg of Ibuprofen three times a day as needed with food, that has
three constraints: 1) that 600mg should be taken at a given time;
2) that the maximum number of intakes per day is three; and 3)
that the drug must be taken with food. But medications are often
more complex. Consider for example the following prescription:
Take Tenofovir 1 tablet once daily and Metformin 500mg once daily.
Take Tenofovir and Metformin at least 6 hours apart. This example
includes within-medication constraints: both Tenofovir and Met-
formin must be be taken once daily, and the dosage is 1 tablet for
the former and 500mg for the latter. This example also includes
a between-medication constraint: the two medications should be
taken at least 6 hours apart. A violation of constraints (within- or
between-medications) is what we call a scheduling conflict. In this
paper, we focus on conflicts that deal with restrictions in the schedul-
ing times of medications that may be either unsafe or ineffective
when taken together. The nature of these conflicts falls into two
categories: too close (those with lower limit time constraints) and
too far apart (those with upper limit time constraints). Previous work
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Figure 2: DesignA with colored vertical bars used for medication entries
and gray rectangular entries used for other activities.

has highlighted that a calendar that supports event attributes should
also have mechanisms for dealing with conflicts that arise between
entries [72]. This is true for medication entries. Therefore, a design
that integrates prescription visualization to a calendar should satisfy
the following conflict-related usability requirement:

Rcon f lict : The users should be able to correctly identify con-
flicting medication entries in the calendar. They should also be
able to name the medications involved in the conflict, identify
the nature of the conflict, and envision actions that may be
taken to resolve the conflict.

These three usability requirements are basic requirements that
an on-calendar prescription visualization should satisfy. Next, we
present three calendar designs that were created to satisfy these
requirements.

4 ON-CALENDAR PRESCRIPTION VISUALIZATION DESIGN

In this section, we propose three designs that show the data (D1
- D5) and were created to meet the usability requirements Rlayout ,
Rmedic and Rcon f lict .

4.1 Ideation Session
We started the design process with an ideation session involving
eight researchers with background in human-computer interaction
and visualization. The goal of the session was to explore layout
variations and features that a calendar with integrated medication
prescriptions should have. We asked the researchers to sketch calen-
dars that show all the data (D1 - D5) and satisfy the given require-
ments. One ideation session was held for this task and it lasted for
30 minutes. Participants used pens, colored markers, pencils, and
regular printing paper for their designs.

We identified several design dimensions and their variations from
the different sketches that were produced: the layout of the calendar
(linear or cyclic), the positioning of the days and times of the day
(on the left or at the top), the shape of drug entries (rectangular,
cylindrical, or circular), and the orientation of the calendar (vertical
or horizontal). Various sizes, colors, and shapes were also used in
the designs. Connecting lines were predominantly used to denote
the presence (and absence) of conflicts.

We created three designs (DesignA, DesignB, DesignC) by con-
sidering i) variations according to these design dimensions, ii) the
constraint of compatibility with already existing calendars, and iii)
the intention to remain as close as possible to the design of regular
medication schedules. The three designs cover a range of design
variations regarding layout, representation of medication entries, and
representation of conflicts. This allowed us to assess the usefulness
of design variations at a component level, rather than at an overall
design level. The following subsections discuss the resulting three
design variations according to our usability requirements.

4.2 Calendar Layout (Rlayout )
We employed the linear layout [44] for all designs. We discarded the
radial layout to stay as close as possible to both regular calendars [53,
54] and medication schedules [66]. DesignA and DesignB show the
days of the week at the top of the calendar and the time of day on
the left, like most digital calendars. DesignC shows the days of the
week on the left and time of day at the top, like most medication
schedules. All designs showed the day of the week (in abbreviated
form), the month of the year, and the year.

To differentiate headers from entry cells, headers have a grey
background whereas cells have a white background. Each design
highlights the current day: DesignA does so with a bold and bigger
font size like in MS Outlook [53]), DesignB with a red font color,
and DesignC with a grey background like in Google Calendar [54].

4.3 Calendar Entries (Rmedic)
All three designs show entries using rectangular shapes like most
digital calendars do. However, design variations in terms of position,
color and size were explored with each calendar design.

DesignA, shown in Figure 2, maintains the layout of existing calen-
dars such as Google Calendar [54] and MS Outlook Calendar [53].
The height of rectangular entries indicates their duration, color is
used to differentiate types or categories of entries (as set by the user),
and their names are conveyed with textual labels. In this design, we
also represent medication entries with rectangles (or bars), whose
vertical position and height indicates start and end of the allowed
administration period for the medication. Medication entries have
an embossed horizontal marker placed at some point along the bar
to indicate the planned administration time (at which point the re-
minder would trigger if programmed). Preferred administration time
of a medication entry is shown with higher opacity and allowed
administrative time with lower opacity. Color hue encodes the type
of medication.

DesignA supports medication (or drug) entries and physical activ-
ities. Each drug entry in the calendar is labelled with the name of
the drug and suffixed with bracketed drug dosage. The suffix -WF
indicates that the drug should be administered with food. Physical
activity entries have a full-color fill, a dashed border, and a label
indicating the name of the activity. All other calendar entries are
represented with rectangles filled with different shades of grey.

DesignB, shown in Figure 3, maintains the layout of existing calen-
dars and maintains the standard way of representing calendar entries.
As such, this design consists of not altering the representation of the
existing base calendar and its entries, and to overlay a representation
of medication entries. DesignB has the same layout as DesignA.
Medication entries, like other entries, are shown with rectangular
shapes. They have no fill color, have an outline color hue that con-
veys the type of medication, a solid outline or a dashed outline if
they represent drug or physical activity respectively, and a label that
displays the name and dosage of the medication. A filled circle and
protruding vertical bar (to illustrate a spoon) in the top-left corner
of the rectangle indicates whether the medication should be taken
with food or not. A small filled rectangular inset indicates the period
of the day when the medication should be administered through its
vertical position and height. No marker indicates that the medication
should to be taken during the hour on which the entry is positioned,
a full-height marker indicates that it can be administered at any time
of the day, and a partial-size marker specifies the period of the day
that it should be administered (top for morning, middle for afternoon,
and bottom for evening). This encoding makes it possible to visually
convey larger time periods for administration without cluttering the
calendar with large rectangles.

DesignC, shown in Figure 4, has a layout different from DesignA
and DesignB as it maintains the layout of a common medication
schedules. It shows days of the week on the left and times of the day
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Figure 4: DesignC with medication entries represented as sliders that
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ministration time. Each medication entry has its own row. Rectangular
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in columns at the top, giving a layout with daily entries that read
from left to right (as opposed to top to bottom). Each row in the
calendar corresponds to a medication entry within a day.

The first column of a row shows the name of the medication, the
number of times the medication should be administered that day,
and possibly an indication if the medication should be administered
with food (visualized with a banana icon). The medication dosage
and administration time are represented with a slider. The position
and length of the slider indicate the period in which that medication
can be taken. The rectangular buckle indicates the preferred time.

Two additional rows are displayed: one for physical activities,
and one for all other, standard calendar entries. They are visually
differentiated by using different types of edges. The start and width
of a block indicates the start and duration of the activity.

4.4 Conflict Visualization (Rcon f lict )
Visualization of conflicts between medication entries is shown differ-
ently in the three designs, considering i) that conflicts can be of two
types (too-apart or too-close) and ii) the results from the ideation
session (color and connecting lines were dominantly used to denote
conflicts). Figure 5 shows how conflicts are shown in each design.

Some designs featured rectangular enclosures for conflicting pairs.
For B and C, we used lines to show conflicts and match conflicting
entries because lines do not overwhelm the calendar (and would
generally be effective in connecting points as employed in graphs
[73]). For A, we matched the conflicts using numbers.

DesignA stays as close to the features already supported in the
calendars as possible. As such, we used fill and stroke to denote the
presence of conflicts between two entries. An entry that is flagged as
being part of a conflict has its block filled with red (for too-close) or
its outline changed to red (for too-far-apart). Numeric labels indicate
the conflict identifier i.e., two entries marked with the same number

X X X

XX

X

X X

11

2 2
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Figure 5: Conflict representations: (a) filled and outlined entries for
DesignA, (b) dashed lines with filled and outlined circles for DesignB,
and (c) directed solid and dotted lines for DesignC.

are part of the same conflict.
DesignB indicates conflicts between entries with connecting red

dashed lines – an approach that is effective in showing connection
between points as employed in node-link diagrams [73]. Start and
end of line markers convey conflict type: a filled circle with a cross
mark inset indicates a too-close conflict, and an outlined circle with
a cross mark inset indicates a too-far-apart conflict.

DesignC indicates conflicts using connecting lines like in DesignB.
However, in this design the line style encodes the type of conflict
(solid line with arrows pointing outwards for too-close and dotted
line with arrows pointing inwards for too-far-apart). Start and end
of line markers are filled circles with a cross mark inside.

5 STUDY RATIONALE AND METHODOLOGY

We designed three prototype calendars with the aim to study design
variations of layout, representation of entries, and representation of
conflict. The goal of this study is to assess the quality of design
variations, rather than the quality of each design as a whole.

We hosted the three designs on a public server and conducted
remote moderated think-aloud sessions via Zoom. Participants were
asked to complete a series of tasks with each design variation. The
order in which the designs were presented to the participants was
counterbalanced and each participant was randomly assigned an
order. Each session lasted for approximately one hour. The study
was approved by our institutional ethics board.

5.1 Participants

Our recruitment was informed by the focus of this research on
active people with frequently changing appointment schedules and
who manage medication prescriptions [74]. The recruitment was
targeted at people who were between the ages of 35 and 65, who
were taking (or helping someone taking) medication regularly, and
who considered themselves to have a reasonably busy schedule. We
recruited participants through social media platforms, university
mailing lists, and posters displayed on campus. Those who were
interested reached out to the researcher and were recruited on a
first-come-first-serve basis. Participants were compensated with a
CAD20 Amazon e-gift card. Twelve participants (P) were recruited
and completed the study (10 female, 2 male). They were aged
between 35 and 54 years old. All participants were either taking
and/or helping someone taking multiple medications: nine were
on medication, two were both on medication and helping another
person on medication, and one was only helping another person
with their medication. There were five students, two nurses, three
information and communication technology workers, one human
resource consultant, and one professor. Although participants self-
selected based on our criteria (we did not question their perceived
business), the frequency at which they used a calendar was a proxy
for us to measure this. The frequency with which participants used
a calendar to manage their schedule was daily (9), very often (2)
and none (1 – this participant indicated frequent use of Medication
Administration Record).



Table 1: Tasks participants performed with each of the designs, grouped by usability requirement each task addresses. The last two columns
indicate which measures were collected for each task.

Usability
Requirement

Task Identifier Task Description Correctness Completion
Time

Rlayout TLAYOUT ;year Reading the current year x x
TLAYOUT ;month Reading the current month x x
TLAYOUT ;week Locating the day of the week x x
TLAYOUT ;day Identifying the current day x x
TLAYOUT ;hour Locating the hour of the day x x

Rmedic TMED;entry Identifying medication and non-medication entries present in the calendar x
TMED;day Reading medication to be administered on a given day x x
TMED;repeat Reading the number of times a medication is repeated in a given day x x
TMED;cycle Reading other days of the week when a given medication was administered x x
TMED;dosage Reading the dosage of a given medication x x
TMED; f ood Indicating whether a given medication is to be taken with food or not x
TMED;slots Identifying alternative slots for a given medication entry x

Rcon f lict TCON;entry Identifying conflicts that are present in the calendar x
TCON;med Naming the medication involved in a conflict x
TCON;type Determining the type of a conflict x
TCON;resolve Suggesting actions for resolving an identified conflict x

5.2 Study Procedure
The study began with the participants agreeing to the consent form.
Then, they were asked to provide demographic information and were
provided a URL to access the designs from their browser. They went
through a familiarization phase during which they could study the
guide (legend), the layout, and the content of the three designs. The
participants were encouraged to think aloud throughout the session.

The participants were then asked to complete a series of tasks
with each design. The participant performed 16 tasks: 5 addressing
Rlayout , 7 addressing Rmedic, and 4 addressing Rcon f lict . Table 1
summarizes these tasks. After they had completed each task, the
participants were asked whether there were features of the design
that they found either useful or not useful to complete that task. After
tasks TMED;entry andTMED;day under Rmedic, and tasks TCON;entry and
TCON;type under Rcon f lict , participants were asked to evaluate the
difficulty of performing the task. We selected these tasks because
other tasks within each usability requirement are dependent on them.
Once a participant had completed all tasks for a given design, they
were asked for design suggestions before moving to the next design.

At the end of the session, participants were asked which design
they preferred overall and how likely they were to adopt any of the
designs for the management of their medications. They were given
an opportunity to suggest improvements to each design in order to
better suit their medication management routines and asked if they
had any concluding remarks before the session ended.

5.3 Data Collection
We recorded audio and video streams of the sessions.

The audio component also included three verbally administered
questionnaires.

The demographics questionnaire was completed at the beginning
of the session. The difficulty questionnaire asked participants to
indicate the difficulty of: (i) differentiating medication entries from
non-medication entries (TMED;entry), (ii) reading the medication to
be taken at a given time (TMED;day), (iii) identifying the presence of
conflicts in the schedule (TCON;entry), and (iv) knowing the nature of
the conflict (TCON;type). Answers to these questions were provided
on a 7-point Likert scale (Very Easy, Easy, Somehow Easy, Unsure,
Somehow Difficult, Difficult, and Very Difficult). The adoption
questionnaire was for evaluating the likelihood of using a calendar
that employs visualizations to show schedules that include visualiza-
tion of medication prescriptions alongside other activities. Answers

to these questions were provided on the same 7-point Likert scale.
We recorded the correctness (measure of success), and the com-

pletion time for tasks with succinct answers. We do not report
completion time for tasks that had participants provide descriptive
answers that could range from one or two seconds to dozens of sec-
onds, as this would report the time it takes to provide a description
and not the time it takes to find the answer to a question.

5.4 Data Analysis

We performed a qualitative analysis of participants’ think-aloud,
reactions, opinions, and suggestions. We transcribed the entire
sessions using Otter [75] and used NVivo [76] for the analysis. We
employed three rounds of coding: first open coding (identifying any
interesting concepts), then selective coding (grouping the concepts),
and finally axial coding (relating the concepts) [77].

In the open coding stage, one researcher analyzed the transcribed
data and coded the data according to the task addressed. The codes
from this round were grouped according to the design referenced.

The second round of coding involved carefully examining the text
to identify emerging concepts across designs. A single participant’s
data was selectively coded by the same researcher to gain insights
into the depth of user sentiments on various aspects of the designs. A
second researcher who was not involved in the study independently
coded the data for the same participant. Notes were then compared
and the categorization and naming conventions used for the codes
were harmonized. This stage resulted in 34 codes.

These codes were further analyzed in a round of axial coding
to identify and define relationships between them. This analysis
resulted into three categories: temporal features of the calendar,
design of medication entries, and rendering of conflicts. These
findings are discussed in detail in the results section (below). We
structure the report of the study results under these three themes.

To complement the qualitative analysis, we analyzed the quan-
titative data (correctness and completion time) using descriptive
statistics. We used this approach because of the small sample size.
The small amount of data collected yields too low statistical power
to confidently draw conclusions between design variations. We con-
ducted the quantitative analysis using Tableau Software [78] and
relied on the median as the measure of central tendency.
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Figure 6: A summary of task completion for the three designs A, B, and C. Tasks in Rcon f lict had the most successful completion rate. TMED;slots
was the most failed task with Design B recording the lowest score from the entire study.
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6 STUDY RESULTS

We first report the study results for each task using completion rate
and completion time as well as contextualizing qualitative feedback.
Then, we present the participants’ preferences regarding the different
designs and individual design elements.

6.1 Task-based Results
We break down the task-based results according to our three task cat-
egories: those that deal with the temporal features of the calendars
and address Rlayout ; those that deal with the design of medication
entries and address Rmedic; and those that deal with the rendering
and conflicts and address Rcon f lict . Figure 6 shows task completion
(correctness) for all tasks and for each design. We report on comple-
tion times for all tasks addressing Rlayout and for four of the seven
tasks addressing Rmedic (see Figure 7). Figure 8 shows participant’s
evaluation of the difficulty of performing tasks TMED;entry, TMED;day,
TCON;entry, and TCON;type.

6.1.1 Reading Temporal Features
Here we present the results for the five tasks that addressed Rlayout .
Correctness and completion time were recorded for all five tasks.

Most participants successfully completed all Rlayout tasks quickly
with all designs. No comments were made about TLAYOUT ;week,
TLAYOUT ;hour, and TLAYOUT ;year.

For TLAYOUT ;month, five participants (P3, P4, P6, P8, and P9)
commented that showing the month with a number in DesignC made
reading the date difficult because they could not tell which number
represented the month and which one represented the day. For
example, P6 said “I don’t like the fact that March is represented by

a number. I find that confusing when I’ve got two numbers slashed
beside each other.”.

For TLAYOUT ;day, two participants (P3 and P6) thought the larger
font size used to indicate the current date in DesignA was an error.
For example, P6 said “That’s why the 21 is so big. I was gonna
say there’s an error. There’s something weird going on with the 21.
Maybe Friday was a special day and it gets to be big.” P3 proposed
that instead of just showing the current day, there should also be an
indication of the current hour, saying “So right now we’re in the 10
o’clock block. So to have maybe a dotted outline around that block,
just to let the user know, this is the time of day.” P3 also suggested
that as opposed to an indication of the current day on the header, the
entire column should be highlighted, and that the header should be
floating to remain in place when scrolling.

6.1.2 Reading Medication Entries

Here we present the results for the seven tasks that addressed Rmedic.
Correctness was recorded for all seven tasks, and completion time
was recorded for those with non-descriptive answers (TMED;day,
TMED;repeat , TMED;cycle, and TMED;dosage).

Most participants successfully completed the Rmedic tasks with all
designs. These tasks were longer to perform than the Rlayout tasks.

All participants successfully completed TMED;entry with all de-
signs. Once they had provided their answer, participants were asked
to describe which visual variables ( color, size, position, and shape)
they relied on to provide their answer. Participants relied on color
only (6 with DesignA, 2 with DesignB, 3 with DesignC), shape only
(3 with DesignA, 5 with DesignB, 7 with DesignC), size and shape (1
with DesignA), shape and color (1 with DesignA, 4 with DesignB),



and shape and position (1 with DesignC). One participant did not
rely on any visual variable to provide their answers with all three
designs. P6, P7 and P4 used the name of the medication to identify
medication entries in DesignA, DesignB, and DesignC respectively.
For example, P7 said after they had completed the task with DesignB,

“I can tell which ones the medication entries are by the names of the
medications. I also noted that there was a dosage size or a number of
tablets.”. One participant (P9) indicated that the difference between
medication and non-medication entries was not clear until they read
the legend, saying “For the first moment it was not so clear. But
after [reading the legend] the shape is thinner than the [one for]
regular meetings.”

All participants successfully completed TMED;day with all designs
in similar times. Three participants (P3, P5, and P7) complained
about the need to scroll to the end of the day with DesignA. For
example, P3 said “I find it’s a lot of scrolling down. It would be
helpful if there was a way to condense it or to make it possible to see
the entire calendar available in terms of morning, afternoon, and
evening.”, and P8 said “The time frames are a bit big. So it makes
like I said, it really makes it scroll off that you can’t see it all in
one consolidated view”. With DesignB, participants were expected
to use the daily medication summaries provided at the top. Three
participants (P1, P6, and P9) found the daily summaries helpful in
performing this task. For example, P9 said “Yeah, I like the idea of
having the first row on the calendar dedicated only for the medica-
tions that needs to be taken. I think it brings an overall idea [of]
what should be taken during that day.”. Three participants (P3, P4,
and P5) also complained about the lines demarcating days not being
clear. For example, P4 said “I have a harder time differentiating the
calendar component the days, because there’s not a strong border
between the days of the week.”.

All participants successfully completed TMED;repeat quickly with
all designs. Similar complaints about the need to scroll as for
TMED;day were made about DesignA by P3, P5, and P8. With
DesignB, participants could count the number of dots beside the
name of the medication in the daily summaries at the top. Five
participants (P3, P6, P7, P9, and P10) complained that the dots were
not intuitive. For example, P6 said “So why is there three circles for
purple and one circle for green and one circle for Orange? I’m not
sure what that means. It’s not immediately intuitive” P3, P7, and P9
thought that the dots indicated the maximum number of pills that
was supposed to be taken per day, not the actual number of pills that
should be taken. For example, P7 said “And then these numbers
in the circles next to the names of the medicines, I don’t know if
that means the maximum number of times allowed per day. So the
numbers don’t really make sense to me.” No participant had trouble
with DesignC, where the number was directly indicated beside the
name of the medication.

All participants successfully completed TMED;cycle with all de-
signs. With DesignA, they again had to scroll through the entire
week, therefore took longer; with DesignB they could rely on the
daily summaries; and with DesignC the information was readily
accessible on the row headers. No comments were made regarding
this task.

All participants successfully completed TMED;dosage quickly with
all designs. Four participants (P1, P4, P7, and P10) commented on
the inconsistency in the unit used for the dosage, saying that only
milligrams (mg) should be used. For example, P10 said “It’s a little
bit inconsistent that it’s milligrams of Metformin, but not for the
Advil [...] those could be in milligrams too.”.

Most participants successfully completed most TMED;dosage with
all designs. 10 participants commented that an indicator for take-
with-food medication should use a food icon (as used in DesignC).
For example, with DesignB P3 said “I’d love to see a symbol that
is food-related, as opposed to a slider-style tab.”. P7 indicated that
the WF (for “With Food”) suffix used in DesignA could also be read

as “Without Food”. P7 also thought that when a food icon is used
(such as in DesignC), it should be a realistic icon and alternatively be
personalizable, saying “But I would want to make it look more like a
banana. If that’s supposed to be banana, they’re green, but bananas
are typically yellow. [...] It’d be fun if someone could choose the
emoji they want to use or the picture they want to use to indicate this
action”.

Participants had difficulty completing TMED;slots, especially with
DesignB. To complete this task, participants could rely on the bars
that indicate allowed medication intake times with DesignA and
DesignC. With DesignB, the marker on the medication entry indi-
cated the allowed time and five participants said DesignB did not
support that task. For example, P1 said “it doesn’t show any other
time of the day that you can take it”. Three participants (P5, P11,
and P12) said they could reschedule in any free slot, for example,
P9 said “It seems that 7am is a possibility because there is no other
and there is no indication of conflicts.”. P10 commented they would
move it to a slot and observe if a conflict was flagged, saying “I don’t
know. I think I would just move it and see if a conflict came up.”. P8
indicated the use of the bar to indicate allowed schedule times could
also be read as extended release time, saying “That would mean
that it’s something that it’s an extended release. Warfarin is not an
extended release.” P10 and P6 reasoned that a medication that is
supposed to be taken at a specific time point should not occupy a
full hour on the calendar. For example, P10 said “I really don’t like
this fact that it says 6am on the side and then it makes it a block of
time.”

6.1.3 Reading Conflict Annotations

Here we present the results for the four tasks that addressed Rcon f lict .
Correctness was recorded for all four tasks, but not completion time
because they all asked for descriptive answers. Overall, participants
had no difficulty completing these tasks and they did so quickly.

Yet, participants provided comments about the designs in light of
completing these tasks. For example, P4 said “At first glance, it did
not seem clear. It looked unfriendly just because there’s red and axes
and stuff. But talking through it with you, and I was trying to explain
the differences, it made more sense.” For P8, the fill and outline used
for DesignA was not as clear at with the other two designs. They said

“I think switching the coloring doesn’t necessarily work to bring out
the conflict because you lose the fact that you expect to see this green
with blue border for Advil, and now I’m instead seeing this red with
green border. Is that a different pill?” Two participants (P3 and P6)
thought the design should not allow users to schedule in slots that
would cause conflict, for example P6 said “You’re supposed to take
one tablet every four to six hours. They shouldn’t have scheduled
it there.”. Four participants (P1, P10, P3, and P8) said the designs
should show available slots and flag an error when the user tries to
schedule a medication entry in an illegal slot. For example, P10
said “So I don’t know if there wouldn’t be like, the potential spots,
if you’re going to ask them to move it like where you could have
included the constraints to make them blank spots in there.” The
four participants (P3, P8, P7, and P10) who noticed that information
about the conflict was available when hovering over the conflicting
entries with DesignA and DesignC were positive about the feature.
For example, P7 said “when you hover over it, it gives you more
information about the conflict that you’re having. I do like that.”

6.2 Design Preferences
When asked about the likelihood of using a calendar that integrates
medication entries, eight answered positively (1 somehow likely,
3 likely, 4 very likely) and four answered negatively (1 somehow
unlikely, 1 unlikely, 2 very unlikely). When asked which design
they preferred, 1 answered DesignA, 10 answered DesignB, and 1
answered DesignC. Below we present participants’ rationale for
their reservations and preferences.
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Figure 8: Participant’s evaluation of the difficulty of performing tasks TMED;entry, TMED;day, TCON;entry, and TCON;type for the three designs.

Four participants had reservations to adopt such a calendar. They
provided different reasons for this. P6 wanted to avoid having a
constant reminder of medication in their calendar. They said “I live
by calendars. But I have so much going on in my calendar as it is, if
I start putting my medication in there as well. It gets way too much
emphasis.” P7 was satisfied with their current paper-based system.
They said “Because I have a system that I enjoy using on my own. I
have my pills in a pill case. I have a list that I can pull up at any time,
that will remind me how many times per day what the dosages per
day.” P8 did not see the need of a calendar for medication, because
in their case all their medications are to be taken at the same time
daily. They said “I have my medications [which] I take once a day.
I make sure that myself, it’s the first thing I do when I get up in the
morning. It’s one of the first activities.”

Familiarity (or unfamiliarity) was one reason why participants
opted for one design as opposed to another. This was the case for five
participants (P7, P6, P5, P4, and P10). For example P7 commented
about DesignC, “I haven’t actually used a calendar that looked like
this in quite some time. And so right now, for me, this isn’t a design
that’s useful”. P5 said about DesignB, “I think this is more of a
calendar view that I’m used to seeing items in slots like this. So
that’s familiar.”, and P4 said about DesignB “This one reminds me a
little bit more of a Google Calendar, which I’m familiar with.”

Clutter, or lack thereof, was another reason for favoring a design
raised by 6 participants (P1, P2, P5, P6, P8, and P9) indicated that
DesignA and DesignC were too cluttered. For example, P8 said about
DesignC: “My first thing seeing it, it’s very cluttered. It’s got a lot of
information on it.” P6 thought that medication entries were given too
much space at the expense of other entries, saying “Well, I don’t like
again, but there’s so much emphasis on the medication, it’s almost
like the medication takes precedence. And everything else that
you’ve got going on your life is almost insignificant.” P1 suggested
toning down medication entries, saying “instead of having the name
of the medication, just put four tablets.” P2 found that too much
color was used in DesignC, saying “I think there are a lot of colors
here, which makes me confused.” P6 found that the squares used
for DesignA could be made smaller, saying “We [should] make the
squares a bit smaller somehow or less predominant, less colorful.”

One (P10) participant raised privacy concerns. They suggested
that the entries should be discrete enough to avoid exposing infor-
mation in the event that someone else accessed the calendar. “So I
don’t know if it would be something that was like, more discrete or
if someone was to accidentally see my calendar and like, saw that I
was taking all these medications or something like that.”

6.3 Other considerations

Participants described a few features they thought were missing in
the designs. These included the timing of reminder, the inclusion
of a notation for medications that should be “taken as needed”, and
the inclusion of “over the counter” medication. P8 said that there
should be feedback mechanism embedded into the system so that
the calendar should confirm that the user has taken the medication.
They asked: “I guess to all this calendar stuff is when you need to
take it. And then did you actually get confirmation of taking it?”

7 DISCUSSION AND DESIGN GOALS

The results from our study confirm that prescriptions can be in-
corporated into mainstream calendars to allow for management of
medication prescriptions (DG1) and that patients would generally be
willing to adopt a calendar system that supports this aspect. Our re-
sults also show that the design of such a calendar should not deviate
too much from the way conventional calendars are designed and that
medication entries should be integrated with other non-medication
calendar entries. They should not occupy too much space and should
be dismissible by users.

Below, we discuss the results under the five following themes that
emerged from analyzing the qualitative data: use familiar design,
avoid clutter, allow for personalization, support personal reflection,
and highlight for attention. Each theme informs a new design goal
for integrating prescriptions into calendars.

7.1 Use Familiar Design
The design of a calendar should not radically deviate from calendar
interfaces that users are familiar with (DG2). This was observed in
various aspects of the design such as layout, medication entries, and
icons used to annotate entries such as those which should be taken
with food. Over 80% of the participants preferred DesignB because
of its probable similarity to already existing calendars. This was
surprising to us because DesignA was the design that was intended to
resemble existing calendars. The sidelining of DesignA is attributed
mainly to the height of medication entries which spanned the entire
allowed administration period and introduced too much clutter. The
results indicate that the preferred layout should be vertically oriented
with days of the week at the top and times of the day on the left.

The dosage used on the medication entry should be one that users
are familiar with. The unit used should be consistent with the one
used in the prescription. It should show the actual quantity (e.g.,
milligrams) as opposed to relative classifications such as number of
pills or tablets. Similarly, realistic food-related icons (e.g., a banana)
should be used to denote that medication that should be taken with
food. Such icon should be positioned together with the entry and
not as part of medication summaries.

When dealing with conflicts, arrows are effective in communi-
cating the suggested conflict resolution action. End-of-line arrows
can be used to indicate that medication entries that have been sched-
uled too close together should be taken apart and vice-versa. The
calendar should also have support for indication that a given entry is
optional. Such entries would be used for medications that should be
administered “as needed” and non-prescription medications that are
sold “over the counter”. These design decisions are influenced by
everyday activities that users are familiar with.

7.2 Avoid Clutter
The design of the calendar should avoid design elements that in-
troduce clutter to the calendar (DG3). One of the reasons why
DesignB was preferred is because it is less cluttered: medication
entries can be rendered effectively using position, shape, and size.
The size of a medication entry should be as small as possible so as
not to occupy too much space. Size should not be used to indicate
either allowed or preferred administration time of a medication entry,
and the size of the entry should also be uniform regardless of the
length of the allowed period of administration. Using shapes with a



colored outline and transparent fill was associated with less noise by
participants. While the slider design was effective in communicating
both the allowed and preferred administration period, it made the
entry occupy a lot of calendar space and was also misread by some
participants. Familiar icons such as tablets can be used to indicate
medication entries.

Color should be made less dominant and should not be used as
the primary identifier for medication entries. While solid fill color
was effective in indicating busy slots, using color fill for medica-
tion entries was cluttering the designs. The amount of medication
information shown (e.g., labels, including name and dosage) should
also be minimized. Labels were a source of confusion as to which
entry they referred to when multiple entries occupied the same cell.
They should be abstracted from the overview and instead be made
available as details on demand.

Conflict overlays were easily identifiable on all the designs. Par-
ticipants preferred the use of indicators for the position of medication
entries that are involved in the conflict. The connectors (lines) for
conflicting entries should use thin or dotted lines rather than thick
solid lines. Participants found that different line styles may appear
similar at a distance and hence fail in communicating the nature of a
conflict.

7.3 Allow for Personalization
To design an effective calendar, we need to tailor the design to indi-
vidual needs, values, and preferences [79]. Therefore, the design of
the calendar should have provision for users to personalize some of
its features (DG4). Such desirable personalization includes adding
color to medication entries, choosing icons to be used for medica-
tions that should be administered with food, deciding which medi-
cation information to display on the entry, and choosing whether to
use the default entry shape or substitute it for other Emojis or Icons.
Personalization should also cover data privacy. The design of the
calendar should have features that will protect the users’ sensitive
medication data from unauthorized reading. This is particularly
important when a calendar is accessed by more than one person.
Calendar owners should be able to hide features of the calendar that
they do not wish anyone without privilege to see.

7.4 Support Personal Reflection
Medication entries should have separate designs for entries that are
future and those that are past (DG5). Past entries should allow for
reflection of past medication-taking behavior by confirming whether
the user took the medication or not. The design should therefore have
a way of letting users confirm that they have taken the medication to
aid personal reflection.

7.5 Highlight for Attention
The calendar should highlight entries to which the users’ attention
should be drawn on any given day (DG6). This includes basic
calendar layout requirements: the top of the calendar with the year,
month, and weekday labels should be floating so that they are always
visible; day separators should be clear and the entire current days
should be highlighted; and the current hour should be highlighted.

Medication entries should have markers that communicate the
times that their reminders will be triggered. The markers should
not communicate time ranges but points in time when reminders are
triggered. The calendar should have daily summaries of the list of
medications to be administered each day. These summaries should
only contain the name of the medication and users should be able to
show or hide them.

Medication conflicts should be emphasized on the conflicting
entries rather than on the connectors. The user should be notified
of a newly created conflict upon rescheduling an entry, preferably
via dismissible error messages that describe the conflict. When
rescheduling medication entries, cells that are either safe or unsafe

should be highlighted to the user to guide their action. Although
some participants felt that the design should not allow them to
schedule an entry in the space that is likely to cause a conflict, there
might be situations where this possibility is unavoidable. The user
should, in this case, be guided on possible moves that will resolve
the conflict. This can be done by shading or using an outline for
all the cells to which an entry may be rescheduled to resolve the
conflict, and letting users configure the amount of warnings and
error messages they want to receive.

7.6 Limitations

One limitation of our study is its relatively small sample size. While
12 participants is appropriate for the qualitative analysis of collected
data, more participants are required to make task-based statistical
comparisons between designs. That being said, the purpose of this
study was exploratory. The findings from this study will allow us to
turn to high-fidelity prototyping of calendar designs and to conduct
such a quantitative task-based follow-up study.

Another limitation is that since the study was online, we did not
have the privilege of observing participant’s full activity cycles. It is
likely that remote sessions also lead to participants employing less
think-aloud than when participating in person. We also constrained
participation to people between the age of 35 and 65 who were
either on multiple prescription medications or played the role of
caregivers to others on multiple medications. While this allowed
us to capture insights for that specific population, these insights
do not necessarily generalize to other populations. Our calendar
designs were suited for relatively large screens such as laptops and
tablets and were not evaluated on mobile devices. Given the focus
of our study on medication entries, we opted for assigning the same
color to all non-medication calendar entries. However, events in
real-life calendars are often of several colors. The added colors
likely increase visual complexity and visual clutter that must be
considered in future studies. Finally, the study was only limited to
tasks that relate to reading calendar entries. In the future, tasks such
as adding and modifying medication entries should be included.

8 CONCLUSION AND RECOMMENDATIONS

In this research, we explored the possibility of integrating prescrip-
tions into calendars (DG1). We considered ways of rendering medi-
cation entries so that they were identifiable and that all medication-
related information was conveyed. We also considered ways of
rendering unsafe medication schedules. We designed three calendars
that leverage features available in both conventional calendars and
medication schedules. We conducted a study with twelve partici-
pants, to evaluate the effectiveness of the calendar designs. Results
show that calendars can be designed to support medication pre-
scriptions while remaining familiar to use. Eight out of twelve
participants indicated that they were between somehow likely and
very likely to use such a calendar to manage their medications. The
findings from our study informed five additional design goals that an
integrated calendar should address: using of familiar design (DG2),
avoiding clutter (DG3), allowing for personalization (DG4), support-
ing personal reflection (DG5), and highlighting for user attention
(DG6). The successful implementation of these design goals will
lead not only to a calendar that expressively incorporates all pre-
scription data but to one that is compatible with everyday use of
those calendars.
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exploratory study of personal calendar use. arXiv preprint
arXiv:0809.3447, 2008.

[64] JF Kelley and ALPHONSE CHAPANIS. How professional persons
keep their calendars: Implications for computerization. Journal of
Occupational Psychology, 55(4):241–256, 1982.

[65] David Beard, Murugappan Palaniappan, Alan Humm, David Banks,
Anil Nair, and Yen-Ping Shan. A visual calendar for scheduling group
meetings. In Proceedings of the 1990 ACM conference on Computer-
supported cooperative work, pages 279–290, 1990.

[66] Sunil Kripalani, Rashanda Robertson, Melissa H Love-Ghaffari,
Laura E Henderson, Jessica Praska, Akilah Strawder, Marra G Katz,
and Terry A Jacobson. Development of an illustrated medication sched-
ule as a low-literacy patient education tool. Patient education and
counseling, 66(3):368–377, 2007.

[67] Edward L Machtinger, Frances Wang, Lay-Leng Chen, Maytrella Ro-
driguez, Sandy Wu, and Dean Schillinger. A visual medication schedule
to improve anticoagulation control: a randomized, controlled trial. The
Joint Commission Journal on Quality and Patient Safety, 33(10):625–
635, 2007.

[68] Michelle C Carlson, Linda P Fried, Qian-Li Xue, Carmen Tekwe, and
Jason Brandt. Validation of the hopkins medication schedule to identify
difficulties in taking medications. The Journals of Gerontology Series
A: Biological Sciences and Medical Sciences, 60(2):217–223, 2005.

[69] Andrea Civan, Meredith M Skeels, Anna Stolyar, and Wanda Pratt.
Personal health information management: consumers’ perspectives.
In AMIA Annual Symposium Proceedings, volume 2006, page 156.
American Medical Informatics Association, 2006.

[70] Victoria Bellotti, Brinda Dalal, Nathaniel Good, Peter Flynn, Daniel G
Bobrow, and Nicolas Ducheneaut. What a to-do: studies of task
management towards the design of a personal task list manager. In
Proceedings of the SIGCHI conference on Human factors in computing
systems, pages 735–742, 2004.

[71] Jordan Eschler, Logan Kendall, Kathleen O’Leary, Lisa M Vizer, Paula
Lozano, Jennifer B McClure, Wanda Pratt, and James D Ralston.
Shared calendars for home health management. In Proceedings of
the 18th acm conference on computer supported cooperative work &
social computing, pages 1277–1288, 2015.

[72] Christine M Kincaid, Pierre B Dupont, and A. Roger Kaye. Electronic
calendars in the office: an assessment of user needs and current technol-
ogy. ACM Transactions on Information Systems (TOIS), 3(1):89–102,
1985.

[73] Douglas Brent West et al. Introduction to graph theory, volume 2.
Prentice hall Upper Saddle River, 2001.

[74] Olav W Bertelsen, Susanne Bødker, Eva Eriksson, Eve Hoggan, and
Jo Vermeulen. Beyond generalization: research for the very particular.
Interactions, 26(1):34–38, 2018.

[75] Inc Otter.ai. Otter. https://otter.ai, 2022. Accessed: 2022-05-04.
[76] QSR International Pty Ltd. Nvivo.
[77] Jonathan Lazar, Jinjuan Heidi Feng, and Harry Hochheiser. Research

methods in human-computer interaction. Morgan Kaufmann, 2017.
[78] Tableau Software LLC. Tableau desktop.
[79] Fateme Rajabiyazdi, Charles Perin, Lora Oehlberg, and Sheelagh

Carpendale. Communicating patient health data: A wicked problem.
IEEE Computer Graphics and Applications, 41(6):179–186, 2021.

https://www.merriam-webster.com/dictionary/calendar
https://www.merriam-webster.com/dictionary/calendar
https://outlook.office.com/calendar
https://outlook.office.com/calendar
https://calendar.google.com/calendar
https://calendar.google.com/calendar
https://otter.ai

	Introduction
	Related Work
	Medication Reminders
	Visualization of schedules
	On-Calendar Visualization

	Medication Prescriptions
	Prescription Characteristics
	Usability Requirements

	On-Calendar Prescription Visualization Design
	Ideation Session
	Calendar Layout (Rlayout)
	Calendar Entries (Rmedic)
	Conflict Visualization (Rconflict)

	Study Rationale and Methodology
	Participants
	Study Procedure
	Data Collection
	Data Analysis

	Study Results
	Task-based Results
	Reading Temporal Features
	Reading Medication Entries
	Reading Conflict Annotations

	Design Preferences
	Other considerations

	Discussion and Design Goals
	Use Familiar Design
	Avoid Clutter
	Allow for Personalization
	Support Personal Reflection
	Highlight for Attention
	Limitations

	Conclusion and Recommendations
	Acknowledgements

