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Abstract

To determine acceptability, usefulness, and ease of use for four nursing clinical decision support
interface prototypes.

In a simulated hospital environment, 60 registered nurses (48 female; mean age=33.7+10.8; mean
years of experience=8.1+9.7) participated in a randomized study with four study groups. Measures
included acceptability, usefulness, and ease of use scales.

Mean scores were high for acceptability, usefulness, and the ease of use for all four groups.
Inexperienced participants (<1 year) reported higher perceived ease of use (p=.05) and perceived
usefulness (p=.01) than those with =1 year experience.

Participants completed the protocol and reported that all four interfaces, including the control
(HANDS), were acceptable, easy to use, and useful.

Further study is warranted before clinical implementation within the electronic health record.

Keywords

clinical decision support; practice-based evidence; electronic health record; end-of-life care;
interface usability; simulation

Purpose

Protocols for end-of-life and supportive care education for nurses have been widely available
for nearly 15 years (Malloy, Paice, Virani, Ferrell, & Bednash, 2008; Wilkie, Judge, Wells,
& Berkley, 2001). Another method of education, practice-based evidence is delivered to the
nurse via clinical decision support (CDS) interventions or tools within the electronic health
record (EHR). However, this method is rarely available for guiding interventions to improve
supportive care outcomes. Practice-based evidence is defined as “the aggregated and
systematically analyzed data derived from the contexts, experiences, and practices of
healthcare providers working in real-world practice settings” (Leeman & Sandelowski,
2012, p.171). In this era of clinical effectiveness research and widespread availability of
EHRs, evidence generated from analyzing EHR real world practice data has become
recognized as an important source to improve supportive care patient outcomes (Casarett,
Harrold, Oldanie, Prince-Paul, & Teno, 2012). CDS within EHRs was made available and
studied for physicians (Garg et al., 2005; Schiff & Rucker, 1998), and nurses (Byrne &
Lang, 2013; Campion, Waitman, Lorenzi, May, & Gadd, 2011). However, an analysis of
how clinicians use this real time data to inform practice is at the nascent stage. The purpose
of our pilot study was to determine the acceptability, usefulness, and ease of use of four
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nursing CDS interface prototypes displaying practice-based evidence of outcomes for
hospitalized end-of-life patients.

Contemporary healthcare delivery with its fast pace, rapidly evolving technology, and
expanding evidence base has created an environment where nurses want at their fingertips
the information they need to make good choices to ensure patient safety and high quality
outcomes. Historically nurses have sought information to support their practice in policy and
procedure manuals, drug reference texts, nursing journals, or from each other. CDS
containing practice-based evidence using electronic technology has been one way to provide
key information in a readily accessible format that can help nurses drive care decisions. The
use of computerized decision support to guide patient decision making related to chronic
disease management in both adults and adolescents has been extensively reported (Simon,
Gude, Holleman, Hoestra, & Peek, 2014; Stinson et al., 2010; Wilkie et al., 2013). In
addition a body of literature was examined exploring nurses’ use of decision support to
guide and coach patient decision making related to end-of-life placement (Murray, Wilson,
Kryworuchko, Stacey, & O’Connor, 2009) and diabetes care (Yu et al., 2014). Two literature
reviews focused on the development, use, and acceptability of CDS to support evidence-
based nursing practice (Anderson & Willson, 2008; Piscotty & Kalisch, 2014). Of interest to
this team was research by Doran et al. (2007) who created a point of care patient system, the
e-\olution in Outcomes Focused Knowledge Translation that used hand held technology.
Similar to our system this solution collected patient data and then used that data to drive
evidence-based decision making. The e-Volution system also provided resources such as
clinical practice guidelines and drug references. The system we chose to demonstrate
through our study integrates CDS right within the nursing plan of care (POC) EHR software.
This system, the Hands on Automated Data System (HANDS, see intervention section)
allowed nurses to document a patient POC, monitor patients’ responses to their
interventions, access practice-based evidence to guide their next steps, and continuously
follow trend data to ensure the best outcomes for their patients (Keenan et al., 2012).

In prior studies we found that nurses’ use of the HANDS EHR system, in which they
documented nursing diagnoses, interventions, and outcomes, provided a rich data source for
understanding end-of-life care. Important findings about pain (Al-masalha et al., 2013; Yao
et al., 2013), death anxiety (Lodhi et al., 2014), and anticipatory grieving (Johnson et al., In
press) outcomes emerged from analysis of practice-based data when nurses used such an
EHR system for up to two years in four hospitals (Keenan et al., 2012). A series of usability
studies with a representative sample of nurses revealed alternate usable ways of displaying
the evidence in HANDS as part of CDS interfaces (Febretti et al., 2013). Although the
nurses perceived the interfaces positively, they were not randomly assigned to an interface or
allowed to use it in a simulated hospital environment to document their care decisions based
on end-of-life case scenarios. In addition, in prior research involving HANDS nurses were
not asked to complete questionnaires to report their perceptions of the usability of the
interfaces. To address these gaps, the study aim was to determine the acceptability,
usefulness, and ease of use for three experimental CDS interface prototypes and for a control
interface prototype (HANDS) to measure when nurses changed the care plans for two
simulated patient scenarios with life limiting illnesses.
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Design/Setting

Sample

Procedures

Intervention

The design was a randomized four-group cohort study conducted in a simulation laboratory
with virtual (visual, auditory) stimuli similar to hospital nursing stations. The Institutional
Review Board at the University of Illinois at Chicago approved the study.

Purposive sampling was used to ensure a diverse demographic population (i.e., ethnicity,
age, gender, education, experience). Stratified by gender, race, experience (<1 year, =1 year),
and education (<BSN, = BSN), we randomized a diverse sample of 60 nurses to one of the
four interface groups (three CDS interfaces or the control [HANDS] CDS interface). The
participants were 48 women and 12 men (age 21-71 years, mean=33.7+£10.8 years; 25
White, 13 African American, 16 Asian, 6 other races). The participants were all registered
nurses (RNs; newly licensed to 44 years of experience, mean=8.1+9.7 years), 4 had an
Associate Degree (ADN), and 56 had a Bachelor Degree (BSN) or higher level of education.
Participants worked in a variety of direct care (e.g., obstetrics, medical surgical, intensive
care, emergency department) and supportive clinical care (e.g., educator, charge nurse)
positions. We intentionally included nurses in non-specialty roles or settings since they
intermittently provide supportive care.

After signed, informed consent, a trained facilitator used a standardized instruction manual
and on-screen visual materials to orient the participant to use the EHR system. After the
orientation, the facilitator then presented two simulated patient case scenarios, with shift
hand-off reports and patient assessments. Then the facilitator asked the participant to update
the care plans using the EHR system while a software-use capture system (Morae,
Techsmith, Okemos, MI) recorded and time-stamped the selected options. Each participant
had up to three simulated shifts (today and the next two days) to implement the CDS options
for each of the two patients. Then the participant filled out questionnaires and received $100
for time and travel expenses.

The intervention included orientation to the HANDS system and two simulated patient
scenarios. The scenarios described women who were near the end of their lives (Figure 1).

Orientation to HANDS

Following a standardized script, subjects received orientation to the HANDS software. The
HANDS is an electronic nursing plan of care documentation system that is compatible with
any electronic health record. Documentation in HANDS by registered nurses (RNs) occurs
upon admission, at shift change, at any point when there is a major change in patient status,
and at discharge (Keenan et al., 2012). The HANDS software uses standardized North
American Nursing Diagnosis Association International (NANDA-I) (Herdman & Kamitsuru,
2014); Nursing Interventions Classification (NIC) (Bulechek, Butcher, Dochterman, &
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Wagner, 2012); and Nursing Outcomes Classification (NOC) (Moorhead, Johnson, Mass, &
Swanson, 2012) terminologies. The validity and reliability of nurses use of HANDS has
been established in earlier studies (Keenan et al., 2012; Yao et al., 2013) in which HANDS
was implemented as the nursing POC system on nine units (medical-surgical, geriatric, and
critical care) in four hospitals (community and university). Compliance with use of the
system for 12 or 24 months by 787 unique RN users averaged 89% (Keenan et al., 2012).

The HANDS home page (Figure 2A) displays identification information and legends
defining icons (i.e., “i”, red/yellow/green) along the right side of the screen. On the left side
of the display is the section for POC development. Labels located after blue square buttons
represent NANDA-I nursing diagnoses from over 200 internationally recognized nursing
diagnoses of a patient’s response to actual or potential health problems (e.g., for a stroke
patient one NANDA-I diagnosis may be Impaired Verbal Communication [00051]). Clicking
on the blue square button next to the label displays more information about that nursing
diagnosis including a definition and related factors. Labels located after the green circle
buttons represent NOC outcome measures, which are nursing sensitive patient outcomes
specifically developed to evaluate the effects of interventions provided by nurses. Each NOC
outcome appears on the POC and allows the step to rate on a scale from 1-5 with 1 being the
lowest rating possible and 5 being the best rating possible. Labels located after the red
triangle buttons are the standardized NIC interventions, which are the actual nursing
interventions performed for the patient and are entered each shift by the patient’s nurse.

To the right of each NANDA-I on the POC, are three icons nurses can use to translate data
into POC modifications: the +, X, and 1. Selecting the + icon next to a NANDA-I results in a
drop down list of NOC outcomes that can be added to that particular problem on the POC.
The NOCs with open checkboxes next to them can be added to the POC. At the bottom of
the list there is an option to type in an outcome that does not appear in the list. The X icon
next to a NANDA-I allows the user to remove that nursing diagnosis and all NOC and NIC
labels linked to it. Selecting the T next to a NANDA-I means that problem will move to the
top of the POC. The NANDA-I at the top of the POC is considered the highest priority issue
for the patient. The + and X icons adjacent to the NOC labels work similarly. By selecting a
+ next to a NOC the user will see displayed a drop down list of NIC interventions. Similar to
the NANDA-I and NOC picklists, those NIC interventions with open check boxes next to
them can be added to the POC. There is also a space for entering “Other” NICs at the bottom
of the list. Clicking an X next to a NOC will remove both the NOC label and the NIC labels
below it. To remove only a NIC the user can select the X function next to a NIC label to
remove that intervention. NICs are removed one at a time.

CDS Interfaces within HANDS

The CDS information contained in the prototypes for this experiment (Table 1) was derived
through the use of statistical and data mining techniques applied to 1,425 episodes of care
collected with the HANDS POC documentation system (Al-Masalha et al., 2013). For
example, Figure 2B depicts the NOC trajectory ratings when pain interventions are not
aggressively pursued within the first 24 hours of admission. Figure 2B also provides the
practice-based evidence nugget that the combination of medication management, pain
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management, and positioning are associated with pain relief. The nurse user is invited to add
NIC: Positioning (0840) to a POC that already contains NIC: Medication Management
(2380) and NIC: Pain Management (1400). Critical practice-based evidence nuggets are
encouraged to be added through the use of a red flashing button alert that appears to the right
of a NOC outcome on the care plan. The red flashing button alert is activated by a NOC
current rating that is below the expected rating set by the nurse user who introduced the
problem on the POC (Febretti et al., 2013).

For the purposes of this study the practice-based evidence was embedded into three different
CDS interface prototypes. We incorporated our practice-based evidence into graphical and
numerical (table) formats in addition to providing the narrative information as over 80% of
the general population are visual learners and a multimodal approach is felt to be the most
effective approach for learning (Herrman, 2008). McCrow, Yevchak, and Lewis (2014) ina
study of 142 acute care nurses examined how the nurses learned and concluded that nurse
educators need to have an understanding of nurses’ learning styles to help shape information
dissemination strategies that will best meet RN learning requirements and thus enhance
knowledge uptake. We developed the features for the four interface prototypes based on
extensive user testing and feedback in a series of three studies with a different sample of 45
nurses (Febretti et al., 2013). An approximation of the basic HANDS interface (Figure 3)
served as the control interface (Keenan et al., 2012). The experimental interfaces (Text only,
text and Table, text and Graph) included the same information that was presented as
evidence-based CDS in the respective text, table, or graph formats (Figure 2).

Main Instruments

Study instruments measured demographics, computer software acceptability, ease of use,
and usefulness. Additional measures were included but not used for this specific study.

The adapted Computer Acceptability Scale (Wilkie et al., 2001) is a 10-item tool that
measures the self-reported difficulty of using computer devices and software interfaces
under study conditions. Response options ranged from 0 to 2 indicating too difficult/not
acceptable to not difficult/acceptable, with total scores ranging from 0 to 20. The validity
and reliability of the instrument has been demonstrated in prior studies of users who were
patients or clinicians (Jha et al., 2010; Wilkie et al., 2001; Wilkie et al., 2003).

The modified Perceived Usefulness and Perceived Ease of Use (Davis, 1989; Holden,
Brown, Scanlon, & Karsh, 2012) scales measure users’ perceptions about software
usefulness (3 items) and ease of use (4 items). Response options range from not at all (0) to
extremely (6) and don’t know (7, which was not included in score). Scoring for the
Perceived Usefulness and Perceived Ease of Use scales range from a low score of 0 (poor) to
high scores of 18 and 24 respectively (high perceived usefulness or high perceived ease of
use). Reliability and validity of the scales have been documented (Adams, Nelson, & Todd,
1992; Davis, 1989; Doll, Hendrickson, & Deng, 1998; Hendrickson, Massey, & Cronan,
1993).
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We calculated descriptive statistics (e.g., mean, variation, frequency, percentage) for the
sample and subgroups. We used Pearson’s correlation to examine the association between
study measures and accepted p<.05 as statistically significant. For group comparisons, we
used analysis of variance (ANOVA).

All of the RN participants reported that the interfaces, including the HANDS Control
interface, were completely or somewhat acceptable for all but two items (Table 2). For the
item about information sharing with the next nurse, two participants in the Text only group
indicated that the software allowed sharing of very little information with the next nurse.
One participant in the text and Graph group reported that the software should not be
available to all nurses. The overall mean acceptability score was 18.5+1.4 and did not vary
by interface group, gender, or race. There was a trend for participants with <1 year
experience to report higher software acceptability than those with >1 year experience
(18.9+0.7 and 18.4+1.5, respectively, p=.07). With the average score so close to the
maximum score (20) and some items exhibiting zero variability in this sample, the
Cronbach’s alpha of .48 that was observed in this study is not meaningful.

Similar to the acceptability scores, the participants reported high perceived ease of use
scores (average of 17.1+3.2 out of a maximum total of 24) and relatively high perceived
usefulness scores (average of 13.5+3.3 out of a maximum of 18) (Table 3). Neither the
perceived ease of use nor perceived usefulness scores varied significantly by interface group
(Table 3), gender, or race. Inexperienced participants (<1 year) had higher perceived ease of
use (p=.05) and perceived usefulness (p=.01) than those with 1 year or more experience. The
Cronbach’s alpha was .66 for the perceived ease of use scale and .88 for perceived
usefulness scale in this sample, indicating adequate reliability. There was a moderately
strong correlation between the perceived ease of use and perceived usefulness (r=.54, p<.
001). They both showed moderately strong correlation with the acceptability scale (r=.66,
p<.001 for perceived ease of use scale and r=.40, p=.002 for perceived usefulness scale).

Conclusion

The study protocol was successfully completed by all participants who reported that the
EHR CDS software interfaces including the HANDS control interface prototype were highly
acceptable, useful, and easy to use. The two end-of-life scenarios and software prototypes
were sufficiently realistic to allow the participants in each of the three CDS interface and the
control CDS interface groups to complete study tasks regarding decisions for altering the
care plan as they deemed appropriate to attend to the dying patients’ nursing care needs.
These findings are critical as end-of-life (EOL) care is being provided outside of specialty
care units and oftentimes by nurses not familiar with care management of this population.
This result suggests that regardless of their professional experiences with end-of-life
patients, these nurses were able to successfully navigate the CDS prototype interfaces to
locate practice-based evidence that could support their patient care.
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In addition, in our realistic simulation environment, it was feasible for nurses to complete
the protocol and the RNs reported that all of the interfaces were acceptable regardless of
gender and race. This finding was similar to the work of others (Brown et al., 2011,
Gaissmaier et al., 2012; Hawley et al., 2008) and supported the importance of assessing
usability of CDS interfaces not just from the perspective of perceived acceptability,
usefulness, and ease of use but also to gage accuracy of understanding. A cognitive
interview or a knowledge assessment questionnaire is important to more thoroughly
understand the knowledge gained from the presentation of the practice-based evidence in the
CDS and its ultimate impact on users’ medical decision making. This issue is important to
patient safety as misunderstood CDS could have unintended consequences.

Our study results also suggest that RNs with <1 year of experience may find all of the
interfaces more acceptable than those with =1 year experience. This result was comparable
to the findings of Lee, Mills, Bausell, and Lu (2008) who learned from nurses using a
computerized nursing care plan system that the most consistent attribute that influenced
attitude toward the system was age — younger nurses were more comfortable with
technology and thus more apt to use it. Dowding et al. (2009) similarly learned though
observations of nurse-patient interactions and nurse interviews that less experienced nurses
were more likely to use CDS systems to assist with care decisions, especially in situations in
which they had limited practical experience as compared to their more seasoned
counterparts.

Software acceptability and usability are important for successful adoption, especially in busy
clinical practice settings such as hospitals. User studies are common for commercial
products used at home or in business, but similar user studies for acceptability and usability
of EHR systems are less common, which may account for the dissatisfaction that was noted
when EHRs are implemented in healthcare settings (Corrao, Robinson, Swiernik, & Naeim,
2010; Sittig, Krall, Kaalaas-Sittig, & Ash, 2005). With the ultimate goal of successful
implementation of CDS within a well-tested and highly successful nursing EHR system, our
CDS features were acceptable to a diverse sample of RNs. This finding supports their use in
a larger study comparing effects of the interfaces in facilitating adoption of care plan
changes as suggested by the CDS for patients with life limiting illnesses. Other researchers,
too, reported that patients and providers found technology acceptable and usable including
patient-reported outcomes for adults who received cancer care (Wilkie et al., 2003), sickle
cell care (Wilkie et al., 2010), cancer patients who received hospice care (Wilkie et al.,
2009), or children who received palliative care (Wolfe et al., 2014), and decision aids for
patients or surrogates (Einterz, Gilliam, Lin, McBride, & Hanson, 2014). Well-tested
technology tools, which are acceptable and easy for clinicians to use, offer a potential
approach for improving care for patients needing palliative and supportive care, especially if
the CDS tools result in care plan changes that are associated with improved patient
outcomes.

The end-of-life patient scenarios created for our study were sufficiently relevant to allow the
RNs to complete the study protocol. Despite the fact that none of the RNs were working in
supportive or palliative care settings, they all had enough experience with dying patients to
make decisions for care plan changes. Our approach using patient scenarios in a simulated
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environment to explore clinician decision making could be applied in studies other than
those focused on informatics and interface designs. For example, outcomes of a palliative
care education module for oncology providers focused on improving knowledge, attitudes,
and behaviors in the care of patients with cancer could be tested and measured in a
simulation environment using EHR documentation of behavioral changes in nurses care
planning. This approach to documentation of practice intention after real time palliative care
education holds much promise based on the high acceptability and usability ratings of the
CDS interface prototypes in our study.

Although our findings are encouraging and provide direct support for a larger study of CDS
adoption, limitations detract from them. The sample did not adequately represent RNs with
ADN:Ss, although they continue to be a large proportion of the U.S. nursing work force
(Committee on the Robert Wood Johnson Foundation Initiative on the Future of Nursing,
2010). Improved recruitment strategies are needed to increase future study participation by
nurses with an ADN. The participants had unlimited and uninterrupted time to interact with
the CDS interface, which is unrealistic in clinical practice. In future studies, researchers
should include time constraints and process interruptions (e.g., call lights, phone calls) to be
more representative of the real world practice environment. We acknowledge that these
environmental factors could affect acceptability of the interfaces and that these real world
issues should be addressed before a CDS system is deployed in practice.

Implications for nursing knowledge

Although the study protocol is feasible and the CDS prototype interfaces are acceptable and
perceived as useful by male and female RNs from different racial groups and a variety of
experience levels and work environments as they documented care plan changes for end-of-
life patient scenarios, findings require replication in a larger, representative sample before
any of the experimental prototypes are implemented in clinical practice. Use of the
simulation environment to replicate the contemporary practice environment offers the
opportunity to address software usability and acceptability by nurses impacted by the
constraints of time, distractions, interruptions, increased patient complexity, and an ever
growing workload. The use of case scenarios and EHR CDS prototype interfaces developed
from practice-based evidence are approaches that hold promise for future research efforts in
supportive, palliative, and hospice care to measure practice decisions after educational
interventions designed to improve care for patients with cancer and other illnesses.

Knowledge Translation

CDS for nurses derived from real world practice data and available in the EHR is currently
an underdeveloped resource for nursing practice. With the changing pace and demands of
contemporary healthcare, bedside nurses need immediately available evidence based
information to guide safe and high quality care for all patients, including those at the end of
life. Our study contributes knowledge toward this resource development, introducing the use
of four nursing CDS interface prototypes located within a unique nursing electronic POC
documentation system. We derived these CDS prototypes for hospitalized end-of-life
patients based on real world outcomes from practicing nurses, and crafted them to efficiently

Int J Nurs Knowl. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Stifter et al.

Page 10

provide evidence based data in varied display formats. Study findings reflect the importance
of designing software that includes acceptability and usability testing to include the different
learning styles of a diverse nursing body, and highlight how the EHR system with
immediately accessible evidence based CDS can provide supportive care practices that
contribute to a higher level of quality and safety for vulnerable patients.
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Figure 1.
Simulated patient scenarios presented as the stimulus for participants to interact with the

clinical decision support interfaces. Key: Number in left column represents current value for
the outcome; (number) represents the expected value for the outcome at discharge; NANDA-
I = North American Nursing Diagnosis-International
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Figure 2.
Screen shots showing the major features of the three clinical decision support interface

prototypes (the control interface was similar to A, but did not have blinking red button alert).
Prototype 1 uses a visual presentation of data that involves colors to depict trending of future
NOC outcomes (red reflects a poor NOC outcome if current management continues while
green represents an improved outcome when elements of the management plan changes) in
addition to the narrative practice-based evidence statement (1B). The graph in this prototype
highlights actual NOC outcome ratings against the expected outcomes over time. Prototype
2 (1C) also allows for visualization of data but in this case using numbers in a table in
conjunction with the practice-based evidence statement. Similar to the first prototype NOC
outcome projections over time are included in the table as well as actual versus expected
outcome ratings. Prototype 3 relies solely on the use of a narrative statement to present the
practice-based evidence (1D). Each interface prototype alerted the participant to the
availability of CDS information by the appearance of a blinking red button alert. As shown
in Figure 2, when the blinking red button alert was clicked, the CDS appeared in the
randomly assigned format: Text only, text and Table, text and Graph, or the original HANDS
CDS interface without the blinking red button alert. Analysis of the participants’ adoption of
the CDS suggestions is in progress.
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Figure 3.
Four screen shots (A-D) show the HANDS control group interface that was used to orient

the participant to the major features of the care planning system. Features emphasized were
highlighted by the yellow and red visual cues to draw the participant’s attention to the part
of the screen being presented. Other features were blurred to maintain the participant’s focus
on the orientation material being presented for each screen. A total of 35 similar screens was
presented during the standardized orientation. Copyright © 2017 HANDS Research Team,
reprinted with permission.
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