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Interruptions are ubiquitous in healthcare and contribute to medical errors. Computerized 
Physician Order Entry (CPOE) systems are often used in interruptive environments 
where users must frequently pause safety-critical tasks, creating potential for task 
completion or omission errors. Interface design of CPOE systems may play a role in 
mitigating such errors. A heuristic evaluation was conducted on a chemotherapy 
medication system used in a highly interruptive setting. Based on the results of this 
evaluation, the interface was redesigned to feature explicit checking mechanisms and 
cues to encourage task completion. Experimental lab results showed that error rates for 
some medication verification tasks were significantly reduced with use of the redesigned 
interface.  
 
 

INTRODUCTION 
 

Interruptions and distractions are ubiquitous in 
healthcare environments, and have been identified 
as causative factors in up to 47% of medication 
errors (United States Pharmacopeia, 2001). 
Interruptions may have a critical impact on 
healthcare Information Technology (IT), as users 
are frequently interrupted during use of 
Computerized Physician Order Entry (CPOE) or 
Electronic Health Record (EHR) tools (Collins, 
Currie, Bakken, & Cimino, 2007). 
 
The consequences of interruptions on task 
performance are well understood. Interruptions 
cause shifts in attention, increase cognitive load, 
and burden memory processes, thereby leading to 
errors of task omission or task completion (Parker 
& Coiera, 2000). Furthermore, prospective memory 
processes (i.e., ‘remembering to remember’, or 
remembering the intent to perform an action) are 
also disrupted by interruptions (Grundgeiger & 
Sanderson, 2009). In the context of healthcare IT, a 
user who misses or delays one step in a series due to 
an interruption is more likely to forget the next 

tasks in the sequence (Grundgeiger and Sanderson, 
2009). This has serious implications for patient 
safety, particularly if the IT tool is being used in a 
safety-critical domain such as medication 
verification or administration. Thus, there is a need 
to develop strategies to mitigate errors arising from 
such interruptions. Because the urgent nature of 
communication in healthcare makes it impossible to 
simply eliminate interruptions, a more suitable 
mitigation strategy is to seek ways of encouraging 
healthcare IT systems to support highly interrupted 
workflows. 
 

OBJECTIVES 
 

We examined a chemotherapy medication ordering 
and verification system (henceforth referred to as 
the CPOE system) used in a highly interrupted 
outpatient chemotherapy unit. An initial time-
motion study (Trbovich, Prakash, Stewart, Trip, & 
Savage, 2010) revealed that nurses were interrupted 
57% of the time when using this software to verify 
drug orders prior to medication delivery. This is of 
particular concern given that medication 
verification is the last task conducted prior to 
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administration of medication to the patient, and 
interruptions during this time may lead to errors that 
go undetected. A follow-up simulation experiment 
conducted with nurses from the chemotherapy unit 
showed that significantly more errors were 
conducted in the medication processes when nurses 
were interrupted, than when they were 
uninterrupted (Trbovich, Howell, et al., 2012). 
 
With these findings in mind, we conducted a multi-
stage study examining potential interventions that 
could mitigate the effects of interruptions during 
high-risk medication administration. Nurses’ 
interaction with the highly complex chemotherapy 
CPOE was one area of focus. Specifically, we 
sought to 1) identify usability issues in the CPOE 
system that contributed to nurses committing 
medication verification errors when interrupted, 2) 
create a redesigned prototype of the CPOE system 
that incorporated interventions to mitigate such 
errors, and 3) test the effectiveness of the 
redesigned prototype in reducing verification errors. 
 

METHODS 
 
Heuristic Evaluation 
 
A heuristic evaluation of the chemotherapy CPOE 
system was conducted using Nielsen’s Ten 
Usability Heuristics (Nielsen, 1994). Results of this 
evaluation helped identify usability issues that 
contributed to interruption-related errors committed 
by nurses. Results of the evaluation also informed 
the development of a redesigned user interface.  
 
Redesign of CPOE interface 
 
A redesigned prototype of the CPOE system was 
created based on results of the Heuristic Evaluation 
as well as iterative consultations with chemotherapy 
nurses (i.e., end-users of the CPOE system), Human 
Factors experts, nurse managers, and medication 
safety experts. Prototypes were created using Axure 
RP Pro (Axure Software Solutions, 2009) and 
Microsoft Power Point (Microsoft Office for Mac, 
2008).  
 
The scope of the heuristic evaluation and resulting 

redesign was narrow, as usability barriers that were 
unrelated to interruption-related errors were not 
identified or targeted for redesign. 
 
Testing of Redesigned Prototype 
 
The effectiveness of the redesigned interface at 
reducing interruption-related medication 
verification errors was measured through a high-
fidelity simulation experiment.  
 Experiment Design. A between-subjects study 
was conducted to assess nurses’ medication 
verification performance under two conditions: use 
of the original interface (control), and use of the 
redesigned interface. 
 Participants. A total of 18 Registered Nurses 
participated in the pre-intervention condition, while 
19 nurses participated in the post-intervention 
condition. 
 Independent variables. In keeping with the 
‘rights’ of medication delivery, the following errors 
were planted in the experiment: Wrong Volume in 
Syringe, Wrong Volume in Ambulatory Infusion 
Pump, Wrong Drug, and Wrong Dose. Additionally, 
nurses were realistically interrupted during the 
medication verification task under both conditions. 
 Measures. Nurses’ ability to detect planted 
errors was assessed under both conditions. 
Statistical analysis was performed to determine 
whether the redesigned CPOE interface 
significantly affected nurses’ error-detection 
abilities.  
 

RESULTS 
 

Heuristic Evaluation 
 
The original chemotherapy ordering/verification 
system interface did not comply with several 
usability heuristics. Firstly, the main verification 
screen was busy and cluttered (Figure 1), and did 
not fulfill the criterion of ‘Aesthetic and minimalist 
design’ (Nielsen, 1994). This heuristic suggests that 
information that is rarely needed or is irrelevant to 
the task at hand should not be readily presented, as 
it competes with and reduces the prominence of 
relevant information. 
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Figure 1: Screenshot of the CPOE system, highlighting different parts of the screen that nurses had to 
look at to verify information: 1) Patient identification information, 2) Drug name, 3) Drug dosage, 4) Drug 
volume, 5) Route of administration, 6) Physician/Pharmacist notes for drug delivery. [Note: All fields 
show mock data only; no identifying information is included.] 
 

In the original interface, nurses had to look at 
several different parts of the screen (identified by 
numbered red circles in Figure 1) to verify the ‘5 
rights’ of medication administration: drug, dose, 
route, time, and patient identity. This information 
was not summarized in one place; therefore, the 
design of the medication screen greatly diminished 
nurses’ ability to retrieve information easily, and 
increased the likelihood of nurses missing key 
medication information when interrupted.  
 
Secondly, the CPOE interface did not fulfill the 
criterion of providing a ‘match between system and 
the real world’ (Nielsen, 1994). This heuristic 
dictates that the software interface should attempt to 
follow real-world order, logic and convention. In 
other words, the system should attempt to mimic 
appearances of data that are familiar to the user in 
the real world. In the chemotherapy environment, 
nurses checked all ‘5 rights’ for one drug at a time, 
and compared the label on the medication bag or 
syringe to information on the screen. However, the 
order of presentation of information on the CPOE 
screen did not match that of the drug label; 

therefore, the task of comparing information from 
label to screen was onerous and susceptible to error, 
particularly when a nurse’s attention was diverted 
due to interruptions. 
 
Lastly, an important heuristic principle suggests that 
software interfaces should always inform the users 
of the current status of the task being undertaken 
(Nielsen, 1994). This principle was also unmet by 
the current CPOE interface, which did not make the 
status of verifications (i.e., verifications complete or 
incomplete) visible to nurses. In other words, drug 
verifications were an entirely passive process, with 
no accountability or documentation of the fact that 
this task had been completed. As a result, nurses 
who looked at the screen after diverting their 
attention due to an interruption were often unaware 
of whether or not they had finished verifying one or 
more medications. This creates potential for drug 
verifications being left incomplete or omitted 
entirely. 
 
In sum, we used heuristic evaluation as a tool to 
identify design features of the CPOE interface that 
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did not support its use in a highly interrupted 
environment. We sought to use these findings to 
create a redesigned interface prototype that better 
supported nurses’ workflows when interrupted. 
 
Redesign of CPOE interface 
 
Through focus group discussions, we gathered 
nurses’ feedback on proposed features that may aid 
in encouraging successful completion of medication 
verification tasks. A redesigned prototype of the 
CPOE interface was created to test these features. 
Specifically, the prototyped features aimed to (a) 
alert nurses of medications to be verified, (b) 
summarize key medication information for easy 
retrieval, and (c) provide capability for nurses to 
check off each medication that they verified prior to 

administration.  
 Alerting nurses of medications to be verified. 
Rather than forcing nurses to rely on memory-
dependent mechanisms to recall whether or not a 
medication had been verified, the redesigned CPOE 
prototype explicitly indicated which drugs had yet 
to be checked. Research suggests that providing 
visual cues to mark the last action a person has 
taken, or to unobtrusively guide a future action, can 
facilitate task resumption following an interruption 
(Altmann & Trafton, 2004; Hodgetts & Jones, 
2006; Trafton, Altmann, & Brock, 2005). With this 
in mind, a verification status column was created 
that displayed a red ‘Verify’ button for each 
unverified drug, and a check mark for each already 
verified medication (Figure 2).

 
 

 
Figure 2: Redesign of CPOE interface showing visual cues to clearly mark verified and unverified 
medications. [Note: All fields show mock data only; no identifying information is included.]
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The purpose of this change was to make it obvious 
to nurses, even when returning to the screen after 
being interrupted, that certain medications were still 
pending verification. Therefore, this intervention 
fulfilled the ‘Visibility of System Status’ usability 
criterion, because the status of a particular 
medication verification (i.e., complete or 
incomplete) was made explicit.  
 Summarizing key medication information. If a 
medication was pending verification, a nurse could 
click the ‘Verify’ button on the redesigned interface 
to begin checking medication information. A 
second change was implemented here, in which all 
drug details requiring verification were summarized 
in one box. The order of information presented in 
this box matched the format of the medication label 
prepared by the chemotherapy pharmacy (Figure 
3). The premise of this change was to simplify the 

medication information lookup process, and to list 
medication information in a logical order that 
matched familiar, real- world conventions (i.e., that 
of the medication label).  
 Documenting verifications. The medication 
information summary box also featured a button 
titled ‘Verification Complete’, which nurses were 
required to click following medication verification. 
If the button was clicked, the verification status of 
the medication would change from a red ‘Verify’ 
button to a check mark. This accountability function 
acted as a reminder to nurses not to proceed with 
administration until the medication had a check 
mark. Thus, if interrupted, a nurse could be 
reminded of the status of the medication checks 
prior to administration.  
 

 
Figure 3: Redesign of CPOE interface showing cue summarizing key medication information for easy 
retrieval. [Note: All fields show mock data only; no identifying information is included.]

 
 

142



2012 Symposium on Human Factors and Ergonomics in Health Care 
 

Testing of Redesigned Prototype 
 
Fisher’s Exact Test performed on data emanating 
from the experiment revealed that the number of 
nurses who detected Wrong Volume in a Syringe 
was significantly greater with use of the redesigned 
interface (8/19; 42%) than the original interface 
(2/18; 11%; p <.04). Similarly, the number of 
nurses who detected Wrong Volume in Ambulatory 
Infusion Pumps was significantly increased with use 
of the redesigned interface (8/19; 42%) than the 
original interface (1/18; 6%; p <.02). No significant 
increases were observed in nurses’ ability to detect 
Wrong Drug or Wrong Dose errors under both 
conditions.   
 

DISCUSSION 
 
Results of the current interface redesign and testing 
show that the use of cueing functions and explicit 
checks helped enable nurses to complete some 
medication verification tasks successfully even 
when interrupted. Specifically, we made use of 
visual indicators including color, icons, and shapes, 
which are said to encourage resumption of tasks in 
clinical IT systems (Cooper, Viller, & Burmeister, 
2004). Our work also corroborates literature 
suggesting that cueing functions can relieve 
prospective memory burdens associated with using 
IT systems in interrupted settings, and can facilitate 
the resumption of a task following an interruption 
(Grundgeiger & Sanderson, 2009; Trafton et al., 
2005). 
 
Interestingly, our results showed that nurses’ error 
detection performance only improved significantly 
for 2 of 4 measures (Wrong Volume in Syringe and 
Ambulatory Infusion Pump) when using the 
redesigned interface. The Wrong Drug and Wrong 
Dose errors showed no significant improvement. 
We hypothesize that this may be because sound-
alike look-alike drugs were chosen for the Wrong 
Drug planted error; it is likely that the redesigned 
prototype did not make it easier for nurses to 
distinguish between two similarly named 
medications. Similarly, the Wrong Dose planted 
error used dose numbers that were similar in 
magnitude and appearance. Thus, there is potential 
for further improvements in the redesigned 

prototype that may help nurses distinguish easily 
confused medication information.   
 
Overall, the present work highlights the importance 
of designing healthcare IT systems with 
interruption-filled use environments in mind. Our 
findings represent a first step towards understanding 
the role of cues and explicit checks in alleviating 
memory burden and decreasing error rates 
associated with interruptions. Future studies can 
build upon the present work by incorporating more 
iterations of redesign and testing to refine interface 
design, and by studying the applicability of such 
cues and explicit checks to other clinical IT 
systems. 
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