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Chapter 7

User Interface

Form ever follows function.

Louis Sullivan

This chapter presents user interface (UI) concepts and usability principles and 
then illustrates the UI needs of an electronic health record (EHR) with emphasis 
on the medications domain.

The main goal is for the UI is to tell a clinical story at various levels of 
details; for ambulatory settings, the time frame is measured in years, while 
in an intensive care unit (ICU) environment, it is literally a matter of minutes. 
The UI also needs to satisfy different clinicians: physician, pharmacist, nurse. 
All have similar but not exactly the same requirements in terms of what 
should be displayed.

Most of the currently existing UI solutions tend to separate various parts of 
the EHR into different folders or tabs. As we discuss in this chapter, this practice 
does not support, and it may even break, the clinician’s cognitive processes; the 
medications cannot be visually separated from the other clinical parts of an EHR: 
patient’s history, diagnosis, problems list, physical exam, labs, imaging, and so on.

Thus, a UI solution needs to summarize vast amounts of underlying data 
and display rich clinical information using a high-density, graphic-intense UI. 
Using principles of information visualization, the chapter gradually develops sev-
eral screen layout designs, UI for optimal cognitive support, while reviewing 
patient clinical information, prescribing, ordering, administering, and reconciling 
medications.
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186 ◾ Electronic Health Record: A Systems Analysis of the Medications Domain

Usability

For many users, and rightly so, the UI is The System. A clinical UI solution, 
badly designed, may doom the best EHR to failure. The quality of a specific 
UI design is measured as usability, which is defined by the International 
Organization for Standardization as “the effectiveness, efficiency and satis-
faction with which the intended users can achieve their tasks in the intended 
context of product use” (1). According to the National Institute of Standards and 
Technology (2):

 ◾ Effectiveness is measured as the percentage of tasks completed successfully 
during a time frame. An error is considered if the user intention was, for 
example, to prescribe drug X and instead drug Y was erroneously selected.

 ◾ Efficiency is measured in time units or number of steps: how long or how 
many clicks it takes to successfully complete a task. For example, product A 
allows 90% of users to complete an order for drug X in less than 55 seconds. 
If using product B and performing same task, it takes on average 145 
seconds, then product A is more efficient than B. The number of steps 
(clicks, screens) is another measure of efficiency: If there are two alternatives 
to perform a task, but one takes 5 clicks and the other necessitates 14 clicks, 
then the 5-click path is obviously more efficient.

 ◾ Satisfaction, a subjective measure, employs standardized rating scales such 
as the Software Usability Measurement Inventory (SUMI) (3) or System 
Usability Scale (SUS) (4). These scales quantify the term satisfaction and 
allow stratification of the user experience.

Cognitive Load

Clinicians usually perform in environments saturated with sensory distractions, 
which compete fiercely for their attention. In addition, vast amounts of informa-
tion need to be processed under time pressure while a mental picture of the 
patient’s clinical situation has to be created and modeled in the clinician’s mind 
(5). All these activities create a cognitive load, which may reach a point of nega-
tive impact on the quality of care and patient’s safety.

The UI should support the clinician’s cognitive processes (6); several ways the 
UI can help in this regard are detailed in this chapter.

Principles of Graphic Excellence

Lund published in 1997 a still-relevant list of 34 rules of thumb for designing a 
high-quality UI that does not pose significant cognitive risks (7). My favorites are:
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Don’t overload the user’s buffers.
Minimize the need for a mighty memory.
User should always know what’s happening.
User should be in a good mood when done.

In his influential book The Visual Display of Quantitative Information, Edward 
Tufte defined the principles of graphical excellence (8):

Show the data. Complex ideas communicated with clarity, precision 
and efficiency.

Induce the viewer to think about the substance rather than about the 
methodology, design or technology.

Avoid distorting what the data have to say.
Present many numbers in a small space.
Graphical excellence is nearly always multivariate.
Make large data sets coherent.
Encourage the eye to compare different pieces of data.
Reveal the data at several levels of detail, from a broad overview to the 

fine structure.
Graphical excellence is that which gives to the viewer the greatest 

number of ideas in the shortest time with the least ink in the smallest 
space.

Characteristics of excellent graphic design, such as data density; data/ink ratio; 
time series and small multiples; “spark lines” (intense, simple, word-size graph-
ics); missing data; ornaments; vibrating grids and how to calm them; golden 
ratio; axis compression; icons and navigation apparatus; typography; and the use 
of color are thoroughly discussed in Tufte’s other books (9–11), in his patent on 
a graphical summary of a patient status (12), Wong’s Wall Street Journal Guide 
Guide to Information Graphics (13), Lidwell et al.’s Universal Principles of Design 
(14), and others (15,16).

An excellent discussion about graphic problems posed by time series (which 
are used extensively in clinical UIs) can be found in Bertin’s Semiology of 
Graphics (17). Some of his elegant solutions are shown in Figures 7.1A and 7.1B.

Cognitively loaded with usability measures, rules of thumb for high-quality 
human–computer interaction, principles of graphic excellence, and the subtleties 
of time series, we can proceed now with the analysis of clinical UIs.

Characteristics of a Clinical Story

The main goal for a clinical UI is to tell a medical story correctly and succinctly, 
the characteristics of which are illustrated in Figure 7.1C.
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188 ◾ Electronic Health Record: A Systems Analysis of the Medications Domain

The main protagonist in this story—the patient—presents, complains, suf-
fers from, or may show symptoms and signs. The physician suspects, considers, 
examines, orders lab tests and imaging studies, and prescribes or orders medi-
cations or procedures. Medications are dispensed and either administered by 
a clinician or self-administered by the patient. Lab results and imaging reports 
return, and this in turn may change previous decisions. The patient may react 
to treatment, drugs may have side effects, and the clinical story can easily go 
through several similar cycles of iteration for each and every problem the patient 
has. The story is created by multiple clinical events happening during time, usu-
ally in the format of “patient does” versus “done to the patient.”

GRAPHIC PROBLEMS POSED BY TIME SERIES

Scale in years
With a scale in years, a two-year total (�gure 1) should be 
divided by 2 (�gure 2). A total for six months should be 
multiplied by 2.

Pointed curves
For overly pointed curves (�gure 3), the scale of the Q 
should be reduced; optimum angular perceptibility occurs 
at around 70 degrees (�gure 4).

If the curve is not reducible (large and small variations), 
�lled columns can be used (�gure 5). 

Flat curves
For overly �at curves (�gure 6), the scale of the Q should be 
increased (�gure 7).

Small variations
For small variations in relation to the total (�gure 8), the 
total loses its importance, and the zero point can be elimi-
nated, provided the reader is made aware of this elimination 
(�gure 9). The graphic can be interpreted as an acceleration 
if a precise study of the variations is necessary; here, we use 
a logarithmic scale (�gure 10). (See also page 240.) 

Large range
For a very large range between the extreme numbers  
(�gure 11), we must either:
(1) leave out the smallest variations;
(2) be concerned only with relative differences (logarithmic 

scale), without knowing the absolute quantities;
(3) select different parts (periods) within the ordered 
component and treat them on different scales above 
the common scale (�gure 12). 

Obvious periodicity
If there is obvious periodicity (�gure 13), and the 
study involves a comparison of the phases of each 

cycle, it is preferable to break up the cycles in order 
to superimpose them (�gure 14). A polar construction 

can be used, preferably in a spiral shape (�gure 15), but 
we should not begin with too small a circle. As striking as 
it seems, it is less ef�cient than an orthogonal construction. 

Annual curves
For annual curves of rainfall or temperature, if a cycle has 
two phases (�gure 17), why depict only one (�gure 16)?

Figure 7.1A Graphic problems posed by time series. (From Bertin, Jacques. Semiology of 
Graphics. © 1983 by the Board of Regents of the University of Wisconsin System. 2010 by 
ESRI Press. Reprinted by permission of the University of Wisconsin Press.)

K13669.indb   188 1/31/12   12:08 PM



User Interface ◾ 189

The time axis at the bottom of Figure 7.1C is the common denominator for all 
the events in the clinical story, each event having a date and time stamp. The UI 
also shows, on the right side, tentative events in the future: next appointment, 
medications to be taken by/administered to the patient, pending orders, imaging 
or lab tests, and so on.

A contrast
Unlike what we see in �gure 18, the pertinent or “new” 
information must be separated from the background or 

“reference” information. The background involves: (a) the 
invariant, highlighted by a heading (Port St. Michel); (b) the 
highly visible identi�cation of each component (tonnage and 
dates). The new information (the curve) must stand out from 
the background (�gure 19). 

Reference points
It is impossible to utilize a graphic such as �gure 20, except 
in a general manner. There is confusion concerning the posi-
tion of the points, and no potential comparison is possible, 
as it is in �gure 21. 

Precision reading
A precision reading (utilization on the elementary level, as 
in �gure 24) is dif�cult in �gure 22, which results in a poor 
reading of the order of the points, and in �gure 23, where 
there is ambiguity concerning the position of the points. 
On the other hand, �gure 22 does favor overall vision 
(correlation). 

Null boxes
Curves accommodate null boxes poorly (�gure 25). Columns 
(�gure 26) are preferable. 

Unknown boxes
The drawing must indicate the unknowns of the informa-
tion in an unambiguous way (�gures 28 and 30).The reader 
might interpret �gure 27 as a change in the structure of the 
curve and �gure 29 as involving null values.

Very small quantities
Except in seeking a correlation (quite improbable here) the 
number of ships entering into a port is represented better by 
�gure 33 than by �gures 31 or 32. The reader can perceive 
the numerical values at �rst glance. 

Positive-negative variation
This is in fact a problem involving three components O, Q, 

 (+ –), and it must be visually treated as such. Figure 34 
can be improved by utilizing a retinal variable (in �gure 35 
a value difference: black–white) to differentiate the  com-
ponent and thus highlight positive-negative variation. 

Figure 7.1B Graphic problems posed by time series, continued. (From Bertin, Jacques. 
Semiology of Graphics. © 1983 by the Board of Regents of the University of Wisconsin 
System. 2010 by ESRI Press. Reprinted by permission of the University of Wisconsin Press.)

K13669.indb   189 1/31/12   12:08 PM
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Since the clinical story is usually quite complex, the UI needs to support clini-
cians in grasping the temporal relationships between the clinical events. One 
possible arrangement would be to anchor the clinical events to the time axis 
vertically and group them in their own “bands” horizontally.

Cause and Effect

In addition to allowing the user to browse clinical events during time, the UI 
needs to display cause-and-effect relationships. Imagine a screen with many 
numeric lab results and a different screen with the medications a patient is 
taking; the clinician needs to invest mental resources to model the story from 
these two disparate sources, lab and meds.

The displayed clinical story in Figure 7.2 tells us that diet alone was not 
enough to lower this patient’s cholesterol. There is a temporal relationship 
between the institution of Lipitor (a cholesterol-reducing drug) and the lower-
ing of the patient’s cholesterol. This temporal relationship becomes clearer if we 
graph the cholesterol levels in relation to the diet and Lipitor (Figure 7.3).

We can use the same framework and increase the number of displayed 
parameters as well as the time resolution, showing minutes instead of months, 

Figure 7.1C High-level clinical story.
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and still be able to clearly tell a clinical story (Figure 7.4). There are five param-
eters in Figure 7.4: patient heart rate, two drugs (Atropine and Isoproterenol), one 
electrocardiogram (ECG), and the insertion of a temporary pacemaker—a proce-
dure. The time axis scale is 1 hour.

And, what about the clinical story? The patient’s heart rate is spiraling 
down; the downward trend of the heart rate graph coupled with the use of 
color make this part of the story evident. Minimum and maximum values as 
well as last measurement are tagged with values. At one point in time (02:23) 
Atropine is injected intravenously (IV), with a larger dose repeated at 02:28 to 

Figure 7.2 Cause and effect: Months scale.

Figure 7.3 Cause and effect: Graph.

Figure 7.4 Cause and effect: Minutes scale.
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treat the low heart rate. At 02:27, the ECG revealed a third-degree AV (atrio-
ventricular) block—most probably the reason for the low heart rate. The 
relationships between the ECG and the drugs used, the patient’s reaction to 
these medications, and the need for a temporary pacemaker are illustrated as 
a story: a series of clinical events, some discrete and some continuous but all 
relating to the same time axis.

Note the ECG is still decipherable even after significant shrinkage in size; 
graphical representations can be drastically downsized and the human eye can 
still interpret them.

Titrate to Effect

The infusion of IV Isoproterenol, in Figure 7.4, is initiated at 02:32 at 10 mcg/kg/min. 
It is then titrated to effect: The drug administration is changed in response to the 
patient’s heart rate. At first, the administration is decreased to 5 mcg/kg/min since 
the heart rate was too high, the effect was too strong; then, the administration was 
later adjusted to 3 mcg/kg/min. Eventually, after the pacemaker insertion, the infu-
sion of this drug was stopped since it was no longer needed.

Titrating to effect happens on the scale of years as well: Treating a 
patient’s hypertension or diabetes is usually an exercise in titration to effect; 
the components of the medication cocktail and the medications doses are 
changed iteratively to achieve a specific effect gradually, with goals such as 
blood pressure lower than 140/90 mmHg or HbA1C (indicates amount of glu-
cose in the blood over 3 months) lower than 7%.

In Figure 7.4, the UI invites visual comparison along the time axis between 
multiple parameters: heart rate, drugs, ECG, pacemaker, and the temporal 
relationships between them.

To support the clinician’s cognitive processes, the UI needs to display multiple 
variables in parallel and make the task of visually comparing between them easy 
so cause-and-effect and titration-to-effect phenomena become evident.

Consider the alternative: Vital signs are in one folder, medications are in a 
different folder, the ECG is in its own application, and procedures are in a sepa-
rate computer/system. This arrangement will necessitate the user investing energy 
in hunting down the pieces of the clinical story and then using brain power just 
to create a mental picture similar to Figure 7.4.

The EHR should take responsibility over the low-level processes of data 
collection, analysis, summary, and (using the UI) display of the information. 
Computers excel at these tasks. The clinician’s mind should be free to search 
for patterns, compare events and trends, and grasp relationships in the clini-
cal story—high-level cognitive activities that humans (still) perform better than 
machines.
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Parallel Channels of Information

The need for a graphical representation of multiple parallel channels of informa-
tion is not new or specific to medicine. One does not need to actually under-
stand the opening notes of Beethoven’s Fifth Symphony to see the analogy with 
a clinical UI (Figure 7.5). Each musical instrument has its own “information chan-
nel” depicted horizontally with musical notes. The name of the instrument is on 
the left. Channels run in parallel for 12 instruments sharing a single time axis; 
imagine how the music would sound if the different instruments were not fully 
in sync along the time axis.

Let us apply this analogy to the UI of an EHR (Figure 7.6). The various com-
ponents of an EHR—patient history and problem list, lab, medications, and so 
on—replace the orchestra instruments, while the clinical events (small numbered 
circles) replace the musical notes. The time axis becomes the glue that keeps 
events in the correct temporal perspective and the clinical story elements syn-
chronized. With parallel representation of clinical components, the UI facilitates 
visual comparison between multiple events and multiple time series.

Figure 7.5 Orchestra: Multiple parallel channels of information. (From Ludwig Van 
Beethoven Symphony #5 © Copyright by Motoshi Katoh, 2007. All rights reserved. http://
www.basso-continuo.com/, 1/1808.)
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UI Main Elements

The UI needs to summarize and display the patient’s past as well as allow inter-
actions related to the present clinical situation (Figure 7.7). Assuming parameters 
such as name, date of birth, address, and so on do not change often, the UI 
displays them in the topmost banner. The banner should always be visible to all 
users, so it is a good place to display other slow-changing dimensions, such as 
allergies and alerts.

The patient’s clinical past is summarized and represented in multiple horizon-
tal channels of information corresponding to various EHR domains. The time 
axis ends on the right side with the present date and time; the details are on 
the right side. The clinical parameters and events are displayed in a fashion that 
facilitates visual comparison between them as well as between the present and 
the past.

Time Axis

The user can navigate the time dimension (X-axis) with simple gestures, such as 
swiping left or right. These hand gestures are used extensively as touch screen 
UIs in mobile phones and computer tablets. Alternatively, arrows to click on with 
a mouse would achieve the same effect (Figure 7.8).

Figure 7.6 EHR: Multiple parallel channels of information.
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The summary display acts like a carousel: It can be rolled/swiped/panned 
toward recent events or to the distant past (Figure 7.9). While the carousel-like 
display is moved left or right, the time axis maintains the correct temporal rela-
tionships between the clinical events (the small elliptical shapes).

We have identified the need for the time axis on a clinical UI to be scalable, 
to accommodate scales of minutes as well as years. Another hand gesture can 
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Figure 7.7 UI main elements.
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Figure 7.8 Swipe time axis to the present.
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be used to expand the time scale (Figure 7.10). On the left side of Figure 7.10, a 
triangular shape shows the zoom level; in this case, it is the months scale.

Repeating the expansion hand gesture zooms in on more detailed views. The 
same zoom-in effect can be achieved by moving the bar on the zoom level trian-
gular shape from months to weeks, days, or hours. This would change the time 
resolution accordingly.

The opposite hand gesture (“pinch”) will contract the time scale and zoom out 
(Figure 7.11). The zoom scale shows now years instead of months on the time 
axis. The size of the clinical events should change accordingly: What seemed 
large on a scale of hours will contract to smaller symbols and even icons on a 
scale of years. Continuous parameters such as infusions or heart rate may appear 
as multiple graphs on a scale of days and as single discrete dots on a scale of 
years. The UI zoom in/out should change the time axis scale as well as the size 
of the clinical events displayed.

Patient

H&P

Lab

Imaging

Medications

Procedures

Billing

Jan Feb MarOct Nov Dec
20112010

Figure 7.9 Swipe time axis to the past.

Figure 7.10 Expand time scale: Zoom in.
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Caution: The Direction of Time Axis

Sometimes, the software configuration allows too much flexibility, such as allow-
ing a reverse chronological time axis. The reason for this dubious practice is to 
display the parameter name as closely as possible to the last, most recent value. 
First, we discuss the danger inherent in a reverse chronological time axis, and 
then we search for better UI alternatives for showing the most recent value of a 
parameter.

Consider the clinical story in Figure 7.12. There are two parameters in the 
clinical story in Figure 7.12: blood glucose and regular insulin infusion (a drug 
that lowers blood glucose). A tired, distracted clinician eyeballing this UI may 
not notice the numbers on the time axis and be under the impression that 
blood glucose is on the rise. The clinician may further reason that the insulin 
infusion has been incorrectly titrated to effect: the higher the glucose, the less 

Figure 7.11 Compress time scale: Zoom out.

Figure 7.12 Reverse chronological order.
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insulin is administered. Thus, the clinician’s erroneous conclusion is that more 
insulin is needed.

The actual clinical story is exactly the opposite (Figure 7.13). The patient is 
receiving too much insulin, and the blood glucose level is actually dangerously low. 
In such a situation, the administration of more insulin would lower the glucose 
further and could prove fatal for the patient.

The direction of the time axis on a graph is reflexively assumed to be from 
left/past to right/present. This reflex, ingrained in most of us coming from 
scientific backgrounds, is the result of viewing thousands of graphs during our 
education, professional training, and career. Anything to the contrary necessi-
tates the clinician to invest cognitive resources to fit the UI (with a reverse time 
axis) to the familiar mental picture of the expected chronological direction.

A reverse chronological time axis presented to a tired or distracted clinician or 
even one who is apparently alert but has worked for years with systems that have 
the UI with a left-to-right time direction may cause serious UI-induced clinical errors.

Parameters Axis

In Figure 7.7, the various components of the EHR, diagnosis, physical exam, labs, 
medications, and so on are arranged in horizontal bands as channels of infor-
mation. There are many components anchored to the Y-axis, each with its own 
long list of parameters, so one cannot expect to show all in one screen. There is 
a limit to how much even a great UI may compress graphs before the meaning 
of the underlying data changes. The UI should allow a clinician to view the data 
with minimal design distortion. For example, a certain aspect ratio between the 
X- and Y-axis should be maintained (Figure 7.1A).

Let us use the same carousel metaphor we used with the horizontal time axis, 
this time on the vertical Y-axis (Figure 7.14). Using a mouse or vertical swipe 

Figure 7.13 Correct chronological order.
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gestures on a touch screen, a clinician can browse in Figure 7.14 through vitals, 
labs, and procedures and then scroll down to billing and immunizations.

The order in which the various EHR channels of information are arranged 
should be easily configured to best fit the clinician and patient type. If one prefers 
the H&P (History and Physical exam) at the top and the vitals at the bottom of the 
UI, this should be a simple “drag-and-drop” rearrangement of the UI (Figure 7.15).

Different specialties have different needs: Some like to see the patient’s tem-
perature, white blood cells count and their differential, the culture/sensitivity 
together with the antibiotic treatment—all on the same screen. Others prefer 
the procedure report with labs and imaging to be tightly connected and so on. 
According to Lund (7), “Let people shape the system to themselves, and paint it 
with their own personality.” A UI that allows easy rearrangement and configura-
tion of the screen would be useful to a large number of medical specialties and 
various personalities, without the need of complex, time-consuming, and expen-
sive configuration sessions.

Caution: Hidden Information

The UI proposed, in which the clinician can browse the time dimension horizontally 
and EHR domains vertically, may still hide abnormal results. Consider a case where 
the surgeon is viewing the patient’s EHR and misses a low hemoglobin lab result, 

Figure 7.14 Panning vertically through EHR UI components.
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indicative of potential internal bleeding, because the result is hidden in a screen 
part that is not visually displayed. Just because the user did not scroll to the abnor-
mal result is no excuse for the UI to potentially induce an omission error and cause 
a patient harm. Thus, a UI mechanism should be in place to prominently display 
recently received abnormal results, at least until the user acknowledges reviewing 
them. In other words, if never reviewed by the clinician, abnormal results should not 
be hidden by the UI.

Tabular Versus Graphical Display of Data

The top rectangle in Figure 7.16 displays three parameters: heart rate and systolic 
and diastolic blood pressure during 14 minutes. Even with the abnormal values 
in red, it is difficult see the clinical story; numbers tend to visually blend into the 
surrounding numbers, and the user needs to invest brainpower resources to create 
the clinical story told by the values.

If a clinician would like to see the parameters for one day (1,440 minutes), the 
user needs to scroll this rectangle more than 100 times. It is only human nature to 
dislike a UI option that necessitates a lot of navigation, endless, repetitive mouse 
clicks and multiple screens and still not be able to see the proverbial forest for 
the trees.

Figure 7.15 Rearranging parameters with drag and drop.
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The middle rectangle in Figure 7.16 shows one-per-minute measurements of 
the same three parameters, this time during 2 hours. The data density of the 
(same area) middle rectangle is 120 min/14 min = 8.6 times higher than the 
tabular, numeric arrangement. If a user needs to view these parameters for the 
previous 24 hours, “only” 12 clicks are needed to see the whole picture.

The lower rectangle in Figure 7.16 uses the same area to display information 
for 1 day. The UI displays the hourly average for each parameter instead of the 
discrete once-per-minute values. The same area rectangle displays 24 averaged 
values of the three parameters, which represents information during 1,440 min-
utes. This is a data density representation, which is more than 100 times higher 
than the tabular format. Obviously, the user does not need to click even once to 
view the whole day.

The UI needs to display large amounts of information correctly, completely, 
and unambiguously. To do that, the UI needs to summarize (or average in the 

Figure 7.16 Tabular versus graphical display of data.
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example) the data displayed. The more work the UI does in this regard, the less 
is the mental effort and cognitive load for the user.

Number of Clicks and Data Density

From the example, a simple relationship between data density and number of 
clicks becomes evident: A higher data density in a UI translates into a lower 
number of mouse clicks or screens to view and vice versa.

Let us assume I is the total amount of information a UI needs to display, and 
it is measured in discrete data elements. D is the data density measured as the 
average number of discrete data elements represented per UI area unit (square 
inch or square centimeter). Let S be the number of screens. The relationship 
between these variables is

 I = D × S

This formula shows that the number of screens a user needs to click through is 
inversely related to the data density. It means the UI with a low data density dis-
play translates into a UI with a high number of clicks to view many screens. This 
simple equation does not illustrate another important fact: Too many screens or 
clicks mean a clinician may experience a broken cognitive process.

The UI should summarize underlying data, thus decreasing I, as well as pres-
ent data in a high-density, graphic-intense format, so D is maximized. Only then 
can the vendor of the EHR boast and celebrate having the lowest number of 
clicks or screens on the market.

Trends Are Nice, but Where Are the Numbers?

Clinicians like viewing trends of data and other graphical displays of informa-
tion since it helps them create a mental picture of the clinical story, but they also 
need to know the numbers behind the graphs. A UI mechanism should enable 
clinicians to review a graphical display and still be able to see the actual values 
making the graphs (Figure 7.17).

A possible solution, used by several financial Web sites to monitor stock 
changes, may be a vertical bar on the UI, which can be moved right or left over 
the graphical display, and while it rests or hovers over a point in time, it shows 
the values of the graphs corresponding to that time. Such a UI mechanism 
coupled with the capability to expand and contract the time axis will cover all 
the resolution spectrum: from years to minutes. It is a graphically intense, high-
density, dynamic UI with a wide visualization scalability range.
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Layers of Information

Not all the discrete data elements have the same clinical importance. The route, 
name, strength, and dose of a medication are clinically more important than 
the name of the clinician who ordered, dispensed, or administered the drug. 
This second layer in turn is more important than the brand names, price of the 
drug, or formulary alternatives and so on. Clinical information comes in layers 
of importance. This fact should be represented in the UI with different sizes and 
types of font, careful use of color, hiding clinically unimportant information, and 
a mechanism to drill down the data if necessary.

Clinically, the most important part of the UI in Figure 7.18 is to convey the 
first layer of information: The patient is receiving an IV infusion of Isoproterenol 
at specific rates during time. Hovering over the name of the drug reveals the 
second layer of information: who has ordered this drug and when, who has 
administered and when, and so on. Clicking on the drug name allows drilling 
into even more details. To decrease the cognitive load, the UI should not be 
cluttered with unnecessary information, so the second and third layers of infor-
mation are not visually present, at least initially. Still, the UI needs to facilitate 
drilling down the layers of information if a user needs to see more details.

Review Patient Data: Ambulatory UI

Let us check how a UI with an ambulatory time frame of years may look for 
patient Lastname Firstname, a 69-year-old Caucasian male (Figure 7.19). The 
uppermost banner contains the patient demographics and other dimensions that 
change infrequently, such as weight, height, calculated body mass index (BMI). 
Since the patient banner is expected to be visible at all times and by all clini-
cians, it has alerts such as allergy information clearly shown in a central location.

The time axis displays almost 6 years of information in horizontally arranged 
channels: history, medications, labs, imaging, ECG, and immunizations. More 
EHR components are available but not visually displayed unless a user scrolls 
down the patient summary part of the screen. If there is any abnormal value in a 
horizontal band, the UI should make it visible until a user acknowledges review-
ing the information.

The patient’s history shows he suffers from asthma, hypertension, and 
diabetes, each chronic condition with the corresponding time frame. It also 
shows when the patient quit smoking as well as how and when he was treated 
for benign prostatic hypertrophy by TUR/P (TransUrethral Resection of Prostate). 
Uppermost there are two episodes of pneumonia: July 2006 and October 2009.

The drugs the patient is taking for his chronic conditions and any changes 
in the dosing regimens are detailed in the next horizontal channel of medica-
tions. The antibiotic used for treating the pneumonia in the past is illustrated as 
Azithromycin in 2006 and Amoxicillin/Clavulanate and Clarithromycin in 2009.
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The temporal correlation between the history (pneumonia), medications 
(antibiotics), labs (white blood cells), immunizations (lack of influenza vaccine in 
2009), and imaging done at that time (chest X-rays and computed tomographic 
[CT] scan) are visually displayed on the same time axis, facilitating the cognitive 
processes of building a mental model of the patient’s clinical story.

Each of these discrete data elements can be drilled down; for example, click-
ing on the July 2006 icon of the chest X-Ray will bring the imaging study per-
formed at that time and the relevant radiology report.

The rightmost part of the screen is dedicated to the present details. The his-
tory, medications, and the like follow the same arrangement as the past summary 
to facilitate visual comparison.

The red color is used for abnormal or dangerous values, black for the present and 
blue for past clinical details and navigation buttons, while teal is used for system-
related UI elements such as titles, names of elements and categories, clinical decision 
support (CDS) recommendations, formulary alternatives, hyperlinks, and so on.

Refill a Medication

Clicking anywhere within the Meds horizontal band brings up an electronic ver-
sion of a prescription (Rx) pad (Figure 7.20). The clinical story of the patient is 
visually present while the clinician prescribes a medication, so there is no need 
to visit several folders to review pertinent clinical information. To refill drugs, a 
clinician has to go through a short-and-simple process: Select the drug(s) from 
a list of medications the patient is taking, click on the “Refill” button, and then 
review and sign the prescription.

Modify a Medication

Let us examine the prescription pad a bit closer (Figure 7.21). For each drug, the 
route, form, brand and generic names, strength, and dose as well as the current 
status are presented. The topmost horizontal menu of the prescription pad dis-
plays options for a user to apply to the items selected by the check marks: refill, 
renew, stop, undo last changes, save modifications, and an “info button,” which 
will drill down into the pharmacological details of drugs selected. These pro-
cesses and the database structure to support them have been analyzed in previ-
ous chapters.

The clinician may modify the strength or dose of a medication using drop-
down menus, which present only relevant, constrained options. For example, 
Tab Diovan comes as 40, 80, 160, or 320 mg/tab, so these values only will 
populate the drop-down list of strengths for this drug. CDS (the subject of the 
next chapter) alerts in real time on the high dose considered. Clinician can drill 
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down by clicking on the CDS icon and review drug interactions, age, gender, 
weight-related recommendations, and so on.

For Glucophage, Norvasc, and Combivent medications in Figure 7.21, there is a 
$ sign, indicating that a less-expensive therapeutic alternative may exist under the 
patient’s health plan formulary. The user may review this information by hover-
ing over or clicking on the $ sign.

In this UI example, the CDS and formulary information is not forced on the 
user, but it is still readily available for a more detailed view if necessary.

Figure 7.21 Modify medication.
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Prescribe a New Medication

As mentioned in previous chapters, the clinician may prescribe a new drug, 
which can be searched using the drug name (generic or brand), ingredient, or 
classification. Alternatively, a user may search for a medication with the patient’s 
condition or indication, such as Hypertension in Figure 7.22.

Figure 7.22 New medication prescription.
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The UI responds to the query on oral (PO) drugs indicated for Hypertension 
with a list of medications, which in Figure 7.22 is arranged alphabetically. At this 
stage, the medication strength and dosing regimens are not shown. Several CDS 
alerts are clearly displayed, such as Acebutolol C/I [contraindicated] in asthma or 
Candesartan and Diltiazem being considered duplicate therapy with the patient’s 
existing medications. The user can drill down and review the CDS reasoning 
in depth by clicking on the CDS icon. Alerting the clinician is not totally color 
dependent; it can be visualized also with the three-circle icon. The clinician may 
also rearrange this list so the CDS-filtered, safest drugs appear topmost.

Once selected, a medication moves to the upper list and joins the other drugs 
the patient is taking. The clinician can then define the drug strength, dose, SIG 
(signature), and number of refills.

Order Set

Let us follow our patient into the hospital as he is being admitted for community-
acquired pneumonia, and his clinician uses an order set (Figure 7.23). An order 
set may include non-medication-related information, such as level of activity, 
monitors to be employed, and so on (see Chapter 4). The medications section 
of the Admission: Pneumonia order set in Figure 7.23 displays a list of IV (intra-
venous) antibiotics considered as “good practice” by evidence-based medicine 
(EBM) for treating community-acquired pneumonia. SC (subcutaneous) Heparin, 
an agent used to prevent deep vein thrombosis (DVT) is being shown as selected 
by the user. The clinician checks the medications deemed appropriate for the 
patient, sets the strength and dose, and then reviews and signs the order set.

Usually, ordering physicians are not involved in the selection of the type and 
size of the fluid bag used to prepare a solution, the intravenous access type, or 
injection location; these are covered by the pharmacy dispensing or the nurse 
administering the drug (see the next section).

Formulary information is not displayed, assuming the standing order set was 
considered in this regard by the hospital pharmacy and formulary committee, 
before its activation.

Medication Administration

The nurse administering a drug has information needs similar to other clinicians: 
review the patient’s clinical story, select medications, medication strengths and 
administration regimens, and so on, which can be satisfied with a UI modeled as 
in Figure 7.20. Instead of using a prescription pad, the nurse documents the admin-
istration of a drug in the Medication Administration Record (MAR) (Figure 7.24).

There are specific requirements for medication administration, which need to 
be represented in the MAR UI as detailed in Chapter 6. The UI the nurse is using 
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has other parameters exposed, which are pertinent to the Administer workflow. 
Drugs that can be administered as a bolus (single time, discrete) as well as con-
tinuously (drip) have a selection button, like Heparin in Figure 7.24.

For medications administered only as a continuous drip, such as Dopamine, 
the following calculator is exposed in the UI:

 ◾ The nurse may enter the medication quantity, and the system calculates 
volume or vice versa.

 ◾ A weight-based dose may be entered, and the system translates this into 
pump rate or vice versa.

Figure 7.23 Order set.
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 ◾ A start/end time frame is provided, and the system calculates the duration of 
administration, or

 ◾ A duration is given, and the system calculates a time frame (using current 
time as the start point).

Combinations in which only part of the parameters are being input, such as 
weight-based dose and start time only, are allowed, and the missing parameters 
are calculated using the formulas detailed in the previous chapter.

Medication Reconciliation

Either because of the high-quality healthcare experience or in spite of it, our 
patient is much better and ready to go home (the “D” in ADT—Admission 
Discharge Transfer). As previously discussed in Chapter 4, usually around ADT 
events, there is a need for medications to be reconciled. The process of Meds Rec 
involves the comparison of drugs and dosing regimens across venues of care: 
home, emergency department (ED), long-term care, ICU, ward, and so on. The 
UI should thus support the cognitive evaluation of time frames, locations, and 
their respective drugs and doses (Figure 7.25).

The clinician performing the Meds Rec can review on the left side of the 
display in Figure 7.25 the drugs the patient was taking before admission and the 
medications administered during the time of hospitalization. Medications selected 
on this side can be moved to the right-sided discharge prescription pad using the 

Figure 7.24 Medications administration.
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large arrow button at the top. Once in the prescription pad, strength and dosing 
regimens may be adjusted, medications may be refilled or renewed, and so on. 
New drugs may be prescribed using a mechanism described previously. CDS and 
formulary information is one click away. Finally, the user reviews and signs the 
discharge document and prescription and wishes well to our patient.

Summary

This chapter defined usability, presented several graphic principles, and then 
analyzed a clinical UI.

The chapter explained the need to support a clinician’s cognitive processes, 
hence the requirement for the system to summarize and for the UI to display 
large amounts of information within one eye span. The utilization of the time 
axis as the glue to keep all EHR components in sync and the zooming—years to 
minutes—were illustrated.

From general clinical UI requirements, we focused then on the visualiza-
tion needs specific to the medications domain: prescribe, order, administer, and 
reconcile—workflows and data structures that have been analyzed in previous 
chapters.
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Review Questions

 1. Product A: 88% of trained users select the correct drug and dose in less than 
a minute using 12 clicks. Product B: 86% of trained users select the cor-
rect drug and dose in less than a minute using 4 clicks. Which EHR is more 
effective, and which one is more efficient?

 2. What are the potential UI issues in the following figure? 

History
Physical exam
Diagnosis
Problems list
Medications
Prescriptions
Labs
Imaging
Procedures
Consultations
Reporting
Billing
CDS
Formulary

Medications
Tab Glucophage 500 mg/tab 1 tab/day
Tab Diovan 40 mg/tab 1 tab/day
Tab Norvasc 2.5 mg/tab 2 tab/day
Inh Combivent 21/120 mcg/puff 4 puffs/day

 3. What difficulties should one expect with the UI in the following figure? 

History
Physical exam
Diagnosis
Problems list
Medications
Prescriptions
Labs
Imaging
Procedures
Consultations
Reporting
Billing

Sodium
Result
140

Range
133-143

Unit
mmoL/L

Potassium
Chloride

4.3
103

3.6-5.2
98-112

mmoL/L
mmoL/L

*Glucose
BUN

139
14

70-100
7-18

mg/dL
mg/dL

*Creatinine
Calcium

1.4
10.1

0.6-1.3
8.8-10.5

mg/dL
mg/dL

*Troponin-I
Total bilirubin

1.8
0.5

0.0-0.06
0.0-1.0

ng/mL
mg/dL

Labs  01/12/2011
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 4. What may interrupt the clinician’s cognitive processes in the following 
figure? 

History
Physical exam
Diagnosis
Problems list
Medications
Prescriptions
Labs
Imaging
Procedures
Consultations
Reporting
Billing

*Glucose
Result
140

Range
70-100

Unit
mg/dL

*Glucose
*Glucose

488
520

70-100
70-100

mg/dL
mg/dL

Labs  01/12/2011

History
Physical exam
Diagnosis
Problems list
Medications
Orders
Labs
Imaging
Procedures
Consultations
Reporting
Billing

Orders  01/12/2011

Time
02:22
04:10
05:20
05:20
06:02
07:10
07:10
08:48
09:35

*Glucose
*Glucose

378
230

70-100
70-100

mg/dL
mg/dL

*Glucose
*Glucose

192
112

70-100
70-100

mg/dL
mg/dL

IV Reg Insulin   Stop Dr. S  07:35 

IV Reg Insulin   4 u/hour Dr. A  07:10 

IV Reg Insulin   8 u/hour Dr. A  06:02 

IV Reg Insulin   10 u/hour Dr. B  05:29

IV Reg Insulin   6 u/hour Dr. A  04:12 

IV KCl   5 meq/hour Dr. B  05:29

Potassium 3.9 3.6-5.2mmoL/L

*Potassium 3.4 3.6-5.2mmoL/L

 5. Assuming there are 3,600 discrete data elements to be displayed for a spe-
cific time frame, how many screens need to be reviewed if the average data 
density is (a) 120 elements/screen? (b) 1,800 elements/screen?

 6. How would you improve the UI in the following figure? 

 7. Why is the system assuming a rectal suppository should be used in the right 
eye according to the figure in Question 6? What went wrong?
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 8. Tab Diovan comes in strengths of 40, 80, 160, and 320 mg/tab. Why is the 
Diovan strength drop-down menu showing different values in the figure in 
question 6?

  What would you suspect is not working correctly?
 9. How would you improve the UI of the patient banner in the following figure?

 10. “User should be in a good mood when done.” Why wouldn’t a clinician be in 
a good mood viewing the display in the following figure?
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