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Objectives:  This  study  examined  the usability  of  six  differing  electronic  nursing  record  (ENR)  systems
on  the efficiency,  proficiency  and available  functions  for documenting  nursing  care  and  subsequently
compared  the  results  to  nurses’  perceived  satisfaction  from  a previous  study.
Methods: The  six hospitals  had  different  ENR  systems,  all with  narrative  nursing  notes  in  use for  more
than  three  years.  Stratified  by type  of  nursing  unit,  54 staff  nurses  were  digitally  recorded  during  on-site
usability  testing  by employing  validated  patient  care  scenarios  and  think-aloud  protocols.  The  time  to
complete  specific  tasks  was  also measured.  Qualitative  performance  data  were  converted  into  scores  on
efficiency  (relevancy),  proficiency  (accuracy),  and  a competency  index  using scoring  schemes  described
by McGuire  and  Babbott.  Six nurse  managers  and the  researchers  completed  assessments  of  available
ENR  functions  and  examined  computerized  nursing  process  components  including  the  linkages  among
them.
Results:  For  the  usability  test,  participants’  mean  efficiency  score was 94.2%  (95%  CI,  91.4–96.9%).  The
mean  proficiency  was 60.6%  (95%  CI, 54.3–66.8%),  and  the  mean  competency  index  was  59.5%  (95%  CI,
52.9–66.0).  Efficiency  scores  were  significantly  different  across  ENRs  as was  the  time  to complete  tasks,
ranging  from  226.3  to 457.2  s (�2 = 12.3,  P = 0.031;  �2 =  11.2,  P  =  0.048).  No  significant  differences  were
seen for  proficiency  scores.  The  coverage  of  the  various  ENRs’  nursing  process  ranged  from  67%  to  100%,
but  only  two  systems  had  complete  integration  of nursing  components.  Two  systems  with  high  efficiency
and  proficiency  scores  had  much  lower  usability  test scores  and  perceived  user  satisfaction  along  with

more complex  navigation  patterns.
Conclusions:  In  terms  of  system  usability  and  functions,  different  levels  of  sophistication  of  and  interaction
performance  with  ENR  systems  exist  in  practice.  This  suggests  that ENRs  may  have  variable  impacts  on
clinical  outcomes  and care  quality.  Future  studies  are  needed  to explore  ENR  impact  on nursing  care
quality,  efficiency,  and  safety.

©  2016 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Nurses worldwide are rapidly converting to electronic health
ecords (EHRs) and electronic nursing records (ENRs) due to their
rojected benefits. According to a survey on trends in EHR adoption
n non-federal acute care hospitals in the United States, 59% of hos-
itals adopted basic EHRs and more than 93% of these had certified
HR technology installed as of 2013 [1]. The rate of EHR adoption
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in the United Kingdom, Australia, and the Netherlands was 68%,
60%, and 33%, respectively; these rates were higher than in Canada
(10%) and Germany (7%) [2]. A 2012 national survey used a def-
inition of EHR functions similar to the U.S. and found that South
Korea had an adoption rate of 45–95% for basic EHRs across type
of hospital (primary, secondary, or tertiary) and 6.5–20% for com-
prehensive EHRs [3]. The survey also found that 70% of hospitals
(n = 202) had electronic nursing record (ENR) systems with 10%
having fully implemented ENRs with narrative nursing notes.
Increased adoption of EHRs has been accompanied by height-
ened recognition of usability issues. According to findings of
physicians’ satisfaction surveys from EHR users in the U.S., more
than 30% of respondents would not recommend their EHR to oth-
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rs, and nearly 50% of respondents were not satisfied with many of
he largest available EHR systems [4,5]. Several studies [6–8] also
eported that poor EHR usability may  result in user errors, unto-
ard outcomes and unintended negative consequences. In some

ases, user errors occurred without adverse events; in other cases,
HR-related system flaws led to adverse events or medical errors
7–10]. In response to the accumulating evidence, the Institute of

edicine and the American Medical Informatics Association rec-
gnized EHR usability as a critical component of safe and effective
se of health IT. They made recommendations on enhancing patient
afety and the quality of care, along with improving the usability of
HRs [7,11,12].

Despite the fact that usability is a major issue for health infor-
ation technology (IT) adoption, little is known about the usability

f ENRs. Several qualitative studies on nurses’ perceptions of EHRs
nd ENRs showed mixed results [13–16]. A review of usability stud-
es on health IT from 2003–2009 showed only 2 out of 346 studies
valuated health IT used by nurses [17]. These studies had many
ethodological issues, such as lack of a theoretical framework, lack

f detail on qualitative approaches and a single-evaluation focus. In
ur previous national survey on the adoption of ENR systems at 289
ospitals in South Korea, we found wide variation in the nursing
epartments’ satisfaction with ENRs with scores ranging from 16
o 95 out of a possible 100. The satisfaction scores had no relation-
hip with type of hospital or staff composition [3]. As others have
hown, this finding raised a concern that health IT, despite its great
otential, may  create new issues and have less than desirable out-
omes. This concern motivated us to focus on ENR system-related
ssues and system usability for systems at different hospitals. We
dopted the user–task–system interaction evaluation based on a
tratified view of the health IT evaluation model suggested by Yen
nd Bakken [17].

In this study, we report usability testing data on six systems from
ix different hospitals as well as the relationships between usability
est scores and previous satisfaction survey scores. The satisfaction
urvey findings were reported earlier [18]. Understanding usability
ssues and differences between systems can help us improve ENR
ystems supporting everyday clinical nursing practice.

. Theoretical works

We  found two published theoretical works in health infor-
atics to be of potential relevance for our study: a stratified

iew of health IT usability evaluation (SV-HIT) [17] and the
ask, User, Representation, and Function (TURF) framework [19].
V-HIT authors reviewed and categorized 346 health IT usabil-
ty studies into system development life-cycle stages to develop
he SV-HIT. The model has three levels (Fig. 1). Level 1 targets
ystem specifications to understand user–task interactions for a
ystem development. The key questions for this level are “What
re the needs/tasks?” and, “How can a system be used to sup-
ort the needs/tasks?” Level 2 focuses on task performance to
ssess systems and human–computer interaction, a system–task or
ser–task–system type of evaluation. Sample key questions were,
Does the system work for the task?” or, “What is the user and
ystem interaction performance, in terms of output quality, speed,
ccuracy, and completeness?” Level 3 incorporates environmental
actors such as user variance, organizational support into a Level 2
valuation to identify work processes and system impacts in real
ettings, a user–task–system–environment type of evaluation. The
ey questions include, “Is the user satisfied with the way the system

elps perform a task in the real setting?” or “How does the system

mpact healthcare?”
TURF is based on work-centered research and an expansion

f a previous framework called UFuRT developed earlier for the
Fig. 1. Theoretical Base for EHR Usability Evaluation: a stratified view of health
information technology usability evaluation (adopted from Yen and Bakken, [17]).
The  main focus of our study is indicated by a bold dotted line.

human–computer interaction field [20,21]. The framework was
proposed to describe, explain, and predict usability differences in
terms of a representation effect as well as to objectively define,
evaluate, and measure usability. The framework focuses on the
representation effect as the essence of usability. Although help-
ful, we think this framework is less relevant to the present study
design compared to the SV-HIT so we used the SV-HIT to guide
this study. Based on the SV-HIT model, we  identified the present
research as a Level 2 study examining user–task–system evalua-
tion. We  also analyzed system functions to get more information
about each system. Specific purposes of the study were to (a)
conduct a user–task–system analysis of ENRs on performance
outcomes—relevancy and accuracy of data input and time con-
sumed in data input, (b) conduct a functional analysis of ENRs and
(c) examine the relationships between the performance outcomes
and user survey findings.

3. Methods

A cross-sectional study was  designed to evaluate ENR systems.
The work was supported by the Korean Hospital Nurses Association
(KHNA). The aim of the collaboration with KHNA was to exam-
ine ENR systems in practice and suggest improvements for these
systems. This study was  conducted with the approval of the insti-
tutional review board at each site.

3.1. Study sites and settings

Six general hospitals located in the Seoul metropolitan area
and Gyeonggi province were invited to participate. These were all
teaching hospitals with EHR and ENR systems (Table 1).

3.2. Nurse participants and usability testing tools

3.2.1. Participants
For the usability test, we recruited nine staff nurses from each

hospital for a total of 54 clinical staff nurses. A stratified ran-
dom sampling technique was used based on type of unit (medical,
surgical and intensive care). Inclusion criteria were (a) nursing
experience of more than 3 years on the unit, (b) experience of
more than 3 years in the use of an ENR system and (c) willingness
to participate. Initially, 108 nurses met  the inclusion criteria. We
randomly selected half or 54 nurses using a coin toss. The sample

were all women  and the average age was 27 years (SD, 2.67). The
average years of acute care experience was  4.30 (SD = 2.75). The
sample was nearly evenly divided into nurses with a bachelor’s
degree at 51.3% or a diploma degree at 48.7%. Nurses all worked
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Table  1
Characteristics and ENR systems of participating hospitals.

Characteristics Hospital

A B C D E F

Number of beds 897 552 620 1792 1086 888
Length of EHR/ENRa use in
years

5 3 5 5 4 5

Type  of ENR Locally developed Vendor Vendor Locally developed Vendor Locally developed
Number of nurses involved in
ENR management

None 1 None 1 1 1

Use  of standardized nursing
terminology

None ICNPb ICNP ICNP NANDAc only ICNP, partial

Satisfaction score of the
nursing department regarding
ENR benefits; range: 0 − 100

50 75 85 96 75 75

Average number of patients
cared for by a nurse on Medical
and Surgical units

12–15 13 15–18 12–13 13 13–16

Average number of patients
cared for by a nurse in
Intensive care units

4 2–3 3–4 2–2.4 3 2–4
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a ENR: electronic nursing record.
b ICNP: International Classification for nursing practice.
c NANDA: North American Nursing Diagnosis Association.

ight-hour shifts. We  also invited one nurse manager from each
ospital to participate in sessions on screen navigation patterns
nd the functional analysis; all were nurses who had been involved
n the development of their ENRs.

.2.2. Tools and scoring
We developed four patient scenarios using case studies from

edical-surgical nursing textbooks. The first one was an inpatient
cenario for a patient with a stroke and fever and a risk of pressure
lcers. We  used this scenario for the system functional assessment.
he other three scenarios, used for the usability test, included (a)

 diabetic patient with pneumonia for nurses on medical units, (b)
 patient having a kidney operation for nurses on surgical units
nd (c) a delirium patient with acute sepsis for nurses on surgi-
al intensive care units. The scenarios were reviewed by two of the
uthors (I.C. and E.K.) for realism and assessed for comparable com-
lexity as well as by a nurse manger with over 20 years practice in

 medical-surgical nursing department in a hospital. The scenar-
os included patients’ general information, a description of specific
igns and symptoms, nursing care provided and communication
ith a physician.

Using a consensus-based approach, two reviewers developed
riteria for desirable content for the associated nursing documen-
ation: explicit assessments, actual nursing diagnoses, potential
iagnoses, interventions provided and patients’ responses. We used
hese criteria as gold standards for evaluating the nursing records
ntered by participants. Each scenario had a range of 13–22 sen-
ences about diagnoses, assessments, and patient responses. If the
ser entered statements that exactly matched what should be
ocumented according to the gold standards, the attempt was cat-
gorized as a “success,” and a score of +1 was assigned. If the user
ntered phrases that did not match the gold standards, the attempt
as categorized as “sub-optimal” and 0 was assigned. If the user

ould not enter expressions contained in the gold standards, the
ttempt was categorized as a “failure” and −1 was  assigned.

We adopted the scoring mechanism described by McGuire and
abbott [22] for patient simulation exercises with nursing students.
his consisted of an efficiency score, a proficiency score, and a com-
osite index of overall competence. An efficiency score indicates

he proportion of nurses’ input that was deemed relevant to the
cenario at hand. This is calculated by obtaining the total num-
er of positive inputs and dividing that by the total number of all

nputs made. The proficiency score represents the extent to which
the nurses’ input was compatible with the defined gold standards.
It is calculated by dividing the number of points earned by the
maximum number of points possible. Finally, an overall compe-
tency index was calculated which combined the proficiency and
efficiency scores into one index.

Functional analysis refers to the process of identifying a work
domain’s abstract structure, that is, the ontology of the work
domain. Ontology is the basic structure of the work performed
by the system together with its human users. The basic structure
does not vary with respect to work procedures, application tech-
nology, or cognitive mechanisms [19]. We chose nursing process
components as the nursing ontology for the functional assessment:
assessment, diagnosis, outcomes identification, planning, imple-
mentation and evaluation. We  also assessed the ENRs for available
interactions such as drop-down menus and copy and paste features.
Drop-down menus with predefined documentation options aid the
organization of data entry for the patient information through the
use of checklists and sequential structured entry of patient assess-
ments, diagnoses, interventions provided and patients’ responses.
There were two kinds of predefined documentation options, which
we referred to as nursing statements. One was nursing statements
populated from and linked with standard terminologies available
at hospital B, C and D. The other one was locally developed nurs-
ing statements without linkages to terminologies; most were in a
free-text format at hospital A. Hospitals E and F had combinations
of the two. All systems supported free-text input.

To compare the six ENR systems, we  developed a method to
determine functional coverage which refers to the number of nurs-
ing process components supported by a system. For example, if
the narrative nursing notes supported the entry of each compo-
nent of the nursing process, then the functional coverage was  100%.
We also examined integration within the system, specifically with
regard to (a) one-to-one linkages of nursing goals to specific inter-
ventions that are used to treat specific nursing diagnoses, and (b)
the linkage of documented care planned and care delivered.
3.3. Procedures

After IRB approval, we collected data from August to November
2013 for the usability test and functional analysis.
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.3.1. Usability test procedure
The onsite usability tests were performed in a quiet confer-

nce room at each hospital. We  used a portable video recorder
nd a microphone connected to a computer loaded with the site’s
nstalled EHR. We  presented the appropriate written scenario to
ndividual participants after they completed their shifts and then
sked each to read the scenario and pretend to be a nurse taking care
f the patient. After ensuring that the participants understood the
cenario, we asked them to record nursing notes for the simulated
atients using a test patient EHR account. To determine if nurses
ere able to accomplish the tasks, we requested they state loudly
hat they were looking at, thinking, doing, and feeling, as they
erformed the tasks. We  videotaped the sessions, which lasted an
verage of eight minutes. The tapes were transcribed and annotated
or efficiency and proficiency as described above. Two  researchers
I.C. and E. K.) independently classified nurses’ data entry. Discrep-
ncies between the two  reviewers were resolved by discussion. We
lso measured the time nurses took to document the nursing notes.

.3.2. Comparison of usability test and user survey scores
The usability test results were compared with satisfaction sur-

ey scores reported in a previous study [18] that used Brooke’s
1996) System Usability Scale (SUS) and a global satisfaction scale.
n the previous survey, 1879 nurses participated from the same six
ospitals in the present study.

.3.3. Functional test procedures
We  asked the nurse managers to explain how to use their ENR’s

arrative nursing notes and to demonstrate data entry based on the
iven scenario. We  also gathered screen captures to illustrate each
unction. Two researchers (I.C and E. K.) independently checked
ach function and then calculated functional coverage by system.
or any discrepancies or ambiguity in judging, several rounds of
ollow-up questions and requests for screen captures were used to
esolve issues.

.4. Data analyses

We  analyzed the video recordings of the 54 nurses’ interactions
ith the screens. We  conducted screen navigation pattern analy-

is by drawing data input activities on the six hospital’s mockup
creens. Nurse managers’ written explanations were also used in
he analyses. Descriptive statistics were used to describe both the
unctional and usability testing outcomes. Scores on efficiency (rel-
vancy) and proficiency (accuracy) were derived by comparing
ntries to the gold standards; the overall competency index were
alculated as outlined above and then compared across sites using
he Kruskal–Wallis test. An alpha level of 0.05 was set to test for
ignificance.

. Results

.1. Usability test

Across the 54 nurses, the mean number of documentation
ntries was 12.4 sentences (range: 5–22 sentences). The overall
fficiency (relevancy) of the nurse interactions across the six ENR
ystems was 94.2% (95% CI, 91.4–96.9%; range: 84.3–99.3%) as indi-
ated in Table 2. The differences between the systems on efficiency
ere statistically significant (�2 = 12.29, P = 0.031). The mean score

or proficiency (accuracy) was 60.6% (95% CI, 54.3–66.8%; range:
2.8–68.6%). The overall competency indices ranged from 40.6% to

7.2% with a mean of 59.5% (95% CI, 52.9–66.0%). An average of 3 to
.7 additional statements did not explicitly refer to material in the
ssigned scenario or were not relevant to the scenario. The nurses
ook a mean time of 317.2 s (95% CI, 273.7–360.8 s) to complete Ta
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he requested tasks; the times were significantly different across
ystems ranging from 226.3 to 457.2 s (�2 = 11.17, P = 0.048).

Fig. 2 shows the navigation patterns that emerged from the
ideo recording analysis. System A showed the simplest pattern as
any entries were in a free-text format. Systems B, C, and D looked

ery similar with regard to screen designs and navigation patterns.
he patterns of systems E and F were the most complicated.

.2. A Comparison of usability test outcomes with previous
sability survey findings

Fig. 3 displays the usability test results in the current study
atched with the two scores of System Usability Scale (SUS) and

erceived satisfation. Systems A–D showed consistent relation-
hips between the values; that is, systems with higher SUS and
atisfaction scores also had higher scores on efficiency, proficiency
s well as overall performance. Systems E and F showed much lower
US and satisfaction scores despite higher scores on efficiency, pro-
ciency and the overall performance index.

.3. Functional analysis

All of the ENR systems had functions supporting nursing pro-
ess components; however, the coverage ranged from 67% to 100%.
ne site did not have care planning functions (83%), and three did
ot have outcomes identification or care planning functions (67%).
wo systems had all six functions (100%) (Table 3). As for system
eatures, all systems supported “copy/paste,” drop-down menus,
nd multiple inputs with check boxes.

Systems E and F supported sequential input of outcomes iden-
ification, care planning, and interventions mapped with a nursing
iagnosis. System C included an option to designate links to specific

nterventions for documented diagnoses, but this is not mandatory.
he rest of the systems did not require these explicit linkages. The
ntegration of documented care planning and delivered care was
vailable for Systems E and F only, supported by a pre-linked list.
f course, there was no way of establishing a link when a nurse
sed free-text input.

. Discussion

To understand usability issues and differences among ENR sys-
ems, we conducted user–task–system interaction evaluations,
ompleted a functional assessment and explored the relationship
etween usability test scores and scores on a previous usability
urvey. According to our findings, different levels of ENR system
ophistication exist in practice. The assessed ENR systems have a
igh level of overall interaction performance but significant dif-

erences exist across systems. All have a low-to-moderate level
f data accuracy with little variation across ENRs. Usability test
esults were not always consistent with previous user perceptions
bout usability, i.e., the degree to which systems are deemed useful,
sable, and satisfactory. Navigation patterns indicated variations in
omplexity and in domain ontology for the nursing process. Out-
omes identification and planning were the most frequently missed
unctions in systems. To our knowledge, this is a first quantitative
tudy comparing ENR systems across hospitals.

.1. Usability test

The average efficiency (relevancy) and proficiency (accuracy)

cores were 94.2% and 60.6%, respectively. These findings mean that
he systems were excellent for ease of data entry, but the quality
f the entered data was relatively low. Five of the six ENRs showed
qually high efficiency scores except for system A. System A was
ical Informatics 88 (2016) 78–85

associated with both the shortest efficiency and the lowest profi-
ciency scores. This might be due to the characteristics of system A,
which differed from the rest of systems because it featured free-
text format and statements which were locally developed without
nursing terminologies. This resulted in very simple user navigation
patterns and the shortest input times.

Proficiency (accuracy) scores did not show any significant differ-
ences across systems despite the wide gap in scores. This was likely
due to the large intra-system variation among nurses at each site.
The variation was likely caused by other factors such as individual
differences (user characteristics). Interestingly, the 95% confidence
intervals for proficiency scores for systems E and F were much
larger than the others, suggesting high variations in accuracy across
nurses at these sites.

We can interpret the results in at least two ways. First, variation
may  be caused by participating nurses’ characteristics such as age,
clinical experience, and educational backgrounds. Effects of user
variability are addressed in the SV-HIT EHR usability evaluation
model. It is well known that users’ cognitive abilities as well as
specific EHR design features combine to create differences in users’
system interactions [23]. Differences in expertise between more
experienced nurses and less experienced nurses, consistent with
Benner’s model [24], also may  have affected interactions with ENR
systems.

For the system functional assessment, we assumed that nurses
were all familiar with organizing knowledge of patient care into
the nursing process. However, if this were true, nurses’ interactions
with ENR systems, in particular for proficiency, would have been
much better than what was  observed. The latter finding may  imply
that nurses have different abilities in organizing knowledge about
practice into the structured methods of ENR documentation that
uses the nursing process.

Second, the systems may  have failed to reflect common needs
of nurses as they record nursing notes. The five systems, except
system A, supported the basic nursing process either in struc-
tured formats of pre-linked functions or by using checkboxes with
lists of statements. For example, in some ENRs, selecting a nursing
diagnosis was followed by outcome identification, planning, and
interventions in a linear fashion. Therefore, selecting the right diag-
nosis was a key step for proficiency scores. In the future, systems
may  have a clinical decision support feature to recommend likely
diagnoses; then, the gaps in proficiency scores might decrease.
Systems E and F supported multiple methods of entering goals-
plan-intervention statements simultaneously, resulting in wider
variance in proficiency scores compared to the other systems. How-
ever, these features also caused more complex user interfaces and
interaction navigation.

We observed additional information entered on routine care
plans such as falls, pressure ulcers, and pain management regard-
less of the scenario or patients’ identified risks. These safety
indicators, which are included in the hospital accreditation pro-
gram, are important. Thus, we  noted it was difficult for nurses to
adjust routine care plans into individualized ones. System E, for
example, showed from 1 to 24 statements in routine care plans
during one recorded session on the same scenario. Given the cur-
rent ENR design, we observed a risk for patient care becoming less
individualized.

5.2. Comparison of usability test results with user survey findings

A comparison of the current usability test results with previous
user survey findings proved quite informative. Systems E and F had

higher proficiency and efficiency scores but unexpected low scores
on previous scores for usability and user satisfaction. The remain-
ing four systems had a consistent relationship of scores across both
usability performance and usability perceptions. This finding could
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Fig. 2. User navigation patterns for the narrative nursing notes from the six systems. A solid line indicates the main pattern and a dotted line indicates an optional path. The
circled  digital numbers indicate common orders for data entry on each screen.
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Fig. 3. A comparison of efficiency, proficiency, and the competency index, with

ean that systems E and F were designed to support appropri-
te nursing documentation tasks, but the interaction design was
oo complex or the systems may  not be a good fit with workflow
n actual contexts. Nurses’ “thoughtflow” may  also differ from the
esigners’ intent and user interface instantiation. In contrast, Sys-
ems B, C, and D had relatively high usability performance scores
nd user satisfaction, implying that the systems were more con-

ruent with nurses’ cognitive processes and designers’ interface
odels. In the functional assessment, we found a hint of similar
ismatches in systems E and F. These systems required outcomes

dentification, planning, and evaluation documentation in one lin-
US scores and satisfaction scores of the six electronic nursing record systems.

ear direction. However, in practice, nurses employ bidirectional
feedback loops from each component.

An interesting finding was that the three systems showing con-
sistency between usability testing and survey scores also used
standard nursing terminologies. This might be coincidence, or it
might be because the use of standard terminology contributes to
communication between nurses in a written format that reduces

variations in expressions. A previous study [25] compared nurses’
qualitative perceptions of the EHRs with and without nursing lan-
guages on documenting care. Nurses at a site without nursing
language perceived more difficulty in using their EHRs than nurses
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Table  3
Functional analysis of narrative nursing notes from six electronic nursing record systems.

Functions Hospitala

A B C D E F

Assessment © © © © © ©
Diagnosis © © © © © ©
Outcomes identification © ⊗ ⊗ ⊗ © ©
Planning ⊗ ⊗ ⊗ ⊗ © ©
Implementation © © © © © ©
Evaluation © © © © © ©
Coverage 83% 67% 67% 67% 100% 100%
Integration

Linkage of a diagnosis-outcomes interventions ⊗ ⊗ © ⊗ © ©
Linkage of a plan interventions ⊗ ⊗ ⊗ ⊗ © ©
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a The symbols © and ⊗ indicate the presence and absence of the relevant functio

t a site with nursing language. It was not clear whether the differ-
nce was only due to nursing language. Interestingly, our findings
re consistent with this previous study. Further research is needed
n how standard terminology might play a role in usability and user
atisfaction.

Our comparisons allowed us to see clear differences between
V-HIT level 2 (user–task–system evaluation) and level 3
user–task–system–environment evaluation) usability evalua-
ions. User survey results showed that environmental factors, not
ncluded in our level 2 assessment, may  play an important role in
urses’ scores. Thus, a need exists to monitor how a system is used
y end-users in actual settings and to determine specific contextual
actors that might influence use. This issue also has been addressed
lsewhere for EHR systems [26]. For example, the current increased
ates of computerized provider order entry implementation for cer-
ified vendor products assumes improved patient safety will result.
owever, many studies suggested that system implementations
re highly variable and can result in variable outcomes. Classen
nd Bates [26] recommended tools to evaluate systems after they
re operational, not just before implementation. These tools would
elp ensure the meaningful benefits for ENR systems as well as
ssisting hospitals in ongoing self-assessment and improvement of
heir systems.

.3. Functional analysis

Our findings showed that most systems have functions support-
ng the basic nursing process, but outcomes identification and care
lanning were most frequently missed. A previous extensive liter-
ture review focused on nursing diagnosis and care plans showed

 lack of evidence about how nursing care plans affect patient
utcomes and that care plans are seldom documented in clinical
ettings [27]. This was despite the fact that care plans are required
y the Joint Commission on Accreditation of Healthcare Organi-
ation in the U.S. Recently, nursing care plans were crafted into
vidence-based decision support systems within one integrated
HR where context- and patient-specific access to evidence were
rovided at the point of care [28]. The care plan functions avail-
ble in systems E and F were traditional NANDA-based care plans
nd supported user selection of problems, goals, and activity plans
n the form of a checklist. Nurses could easily enter care plan
tatements via multiple clicks, allowing automatic linkage to pre-
ntered diagnosis–goals-intervention plans. This approach looked
ike routine care plans and did not allow tailoring to individual
atient conditions. Many nurses criticized ENRs for reducing their

apabilities for individualized care because the predefined system
hoices were too broad to fit individual patients [13].

To help nurses control planning for the care process, the nursing
rocess should be built on an informatics infrastructure that sup-
pectively.

ports nurses’ decision making and allows adjustments to care plans
integrated into a EHR/ENR [28]. An example of how computers can
take precedence over nurses’ professional judgement is when an
ENR gives prompts for patients at risk of developing pressure ulcers
[29] despite patients not being at risk. Another instance is in inpa-
tient units, where automatic prompts are used to remind nurses
to note decompensation of a patient’s vital signs [30]. A systematic
review [31] of eight studies comparing computerized nursing care
planning with paper-based systems indicated that computeriza-
tion alone did not benefit nursing practice or patient care outcomes.
Further research is needed on computerized care planning and link-
ages to informatics infrastructure for evidence-based practice to
determine any derived benefits to nursing or patient care.

5.4. Limitations

Our study had several limitations. The onsite usability test
employed working nurses without pre-selected individual char-
acteristics. This may  preclude generalization to other sites. Also,
the time to complete tasks might be longer than the actual time
in practice because of the think-aloud component of the test. Both
of these might make it difficult to compare the results with other
studies conducted in laboratory or real settings. However, nurses
used simulated ENR systems and were experienced users of their
systems. This proved to be very informative about how the ENRs
were actually used in practice. Another limitation was  that only
six hospitals participated in the study; hence, the results might not
be generalizable to all other hospitals such as community hospi-
tals. The study did include six different ENR systems integrated
into EHRs, and these were all installed for long periods of time.
Therefore, these results are likely to be applicable to other similar
hospitals in Korea as well as those of other countries with simi-
lar nursing practices, ENRs and processes. On the positive side, we
stratified subjects according to nursing unit, and we used inclusion
criteria based on clinical training and experience with ENR systems.
The nine subjects from each site might not be representative of the
whole institution, but even these small samples are sufficient to
uncover usability issues. Authors indicate that five to eight users
is a sufficient number to uncover most important usability issues
[32,33].

Understanding usability issues and differences between sys-
tems can help ENR designers and implementers improve the design,
implementation, and use of nursing-centric technology. Nurse

managers, nursing informaticians, and coordinators should be able
to compare their ENRs with others, to diagnose issues and to con-
sider employing user-centered designs for the next generation of
ENRs.
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Summary points
What is already known about this topic?

• Nurses worldwide are rapidly converting to electronic health
records (EHR) due to their projected benefits, which has been
accompanied by heightened recognition of usability issues.

• Poor EHR usability may  result in user errors, untoward out-
comes and unintended negative consequences.

• The usability of electronic nursing records (ENR) is not
known well and several qualitative studies on nurses’ per-
ceptions of EHR and ENR showed mixed results.

• Understanding usability issues and differences between sys-
tems can help ENR designers and implementers improve the
design, implementation, and use of the technology.

What does this study add to our knowledge?

• Different levels of ENR sophistication exist in practice in
terms of system usability and functions.

• ENR systems have a high level of overall interaction perfor-
mance and a low-to-moderate level of data accuracy with
little variation across systems.

• Approached to nursing terminology, user-interface design
and navigation strategy, and care planning functions were
different across systems.
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[32] A mathematical model of the finding of usability problemsJ. Nielsen, T.K.
Landauer (Eds.), Proceedings of the INTERACT’93 and CHI’93 Conference on
• Favorable results of usability test were not always consistent
with nurses’ perceptions of usability and user satisfaction.

. Conclusions

In terms of system usability and functions, different levels of ENR
ophistication were observed, and nurses’ efficiency scores var-
ed across sites. Favorable results for user–task–system evaluation

ere not always consistent with nurses’ perceptions of usability
nd user satisfaction. These results suggest that an ENR’s impact on
linical outcomes and care quality may  be variable, too, especially
f nurses’ rely heavily on documentation for care continuity. For
nstance, differences in designs and depth of documentation could
ead to information gaps or errors of omission and commission. To
ealize the promise of ENR on health care benefits, further study is
eeded to explore ENR impact on nursing care quality, efficiency,
nd safety.
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