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Abstract

Our long term goal is to ensure nurse clinical decision support (CDS) works as intended before
full deployment in clinical practice. As part of a broader effort, this pilot explores factors
influencing acceptance/non-acceptance of 8 CDS suggestions displayed through selecting a
blinking red button in an electronic health record (EHR) based nursing plan of care software
prototype. A diverse sample of 21 nurses participated in this high fidelity clinical simulation
experience and completed a questionnaire to assess reasons for accepting/not accepting the CDS
suggestions. Of 168 total suggestions displayed during the experiment (8 for each of the 21
nurses), 123 (73.2%) were accepted and 45 (26.8%) were not accepted. The mode number of
acceptances by nurses was 7 of 8 with only 2 of 21 nurses accepting all. The main reason for CDS
acceptance was the nurse’s belief that the suggestions were good for the patient (n=100%) with
other features being secondarily reinforcing. Reasons for non-acceptance were less clear, with
under half of the subjects indicating low confidence in the evidence. This study provides
preliminary evidence that high quality simulation and targeted questionnaires about specific CDS
selections offers a cost effective means for testing before full deployment in clinical practice.
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INTRODUCTION

In 2009, with the adoption of the Health Information Technology for Economic and Clinical
Health (HITECH) Act, the use of electronic health records (EHR) became a top priority in
the United States.! Since that time there has been a dramatic increase in the use of EHRS,
with the goal being full adoption for all health care organizations.2 As part of the HITECH
regulations, systems are required to integrate clinical decision support (CDS) interventions
for the purpose of lessening the ever increasing information demands in day to day clinical
practice. CDS systems typically provide evidence-based alerts, reminders, guidelines, and
best practices delivered to the clinician through an electronic interface during routine
workflow34 for the purposes of assisting rather than to replace the practitioners who use
them® as well as facilitating evidence based practice.®

To be useful, however, CDS systems must clearly align with the clinicians’ needs in practice
and demonstrate effectiveness. Based on the literature, it appears that sometimes there is
little evidence of efficacy testing, or testing is conducted following deployment in
practice.”~9 The aim of this study is to move toward a general methodology for ensuring
nursing CDS works as intended before broad deployment occurs. In this pilot study, we used
high fidelity interactive simulation to evaluate subjects’ use of CDS suggestions available in
an electronic care planning documentation system through selecting a blinking red button.
Participants completed a targeted survey following the test that allowed us to examine the
judgement and interface factors associated with nurses’ acceptance and rejection of the
evidence based CDS suggestions.

A number of factors are believed to influence nurse acceptance or rejection of CDS
suggestions including: nurse education, 9 nurse clinical experience,”11.12 nurse experience
with a computer,10-12 fit of technology with local practice,”-11:1314-16 technology and
design factors,”-11:14-16 and organizational factors like training, a supportive environment,
and adequate resources.”11.13.15 Although important, most of these studies focus primarily
on the perceptions and attitudes toward an entire CDS software and not specific to the
messages and symbolic features (e.g. specific icons, animation) within the CDS interface.

There are a limited number of studies that focus on nurses' reasons for accepting or refusing
specific messages/features of CDS suggestions. For example, in a 12 month study of e-
Protocol insulin software conducted in one intensive care unit, Sward et al.16 examined the
reasons nurses declined 5.2% (n=2077) of the total (n=39,640) recommendations generated
for 66% (n=548) of patients (n=830) by this CDS system. Two sources of data pertaining to
this CDS system, widely accepted by the nurses, were analyzed: survey data gathered from a
convenience sample of 14 nurses (28% response rate) and responses entered into the e-
Protocol CDS software. Descriptive and thematic analysis of both data sources indicated that
the major reasons for declining the CDS recommendations were related to a lack of trust that
the algorithm used to calculate the recommendation accurately captured the unique patient
factors (49.2%) or other factors (27.3%). Approximately 9.3% of the respondents indicated
they declined the recommendations because of CDS system access issues and 4.7% declined
due to software or technology issues.
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In another study involving two ICUs, using convenience samples, Campion et al.”
conducted direct observations of nurses (n=25) and unstructured interviews (n=7) to
illuminate the barriers and facilitators to use of an intensive insulin therapy CDS system
similar to that examined by Sward et al.16 Ethnographic methods were employed with the
interview data being used to confirm the emerging concepts. The barriers identified included
workload tradeoffs, lack of reminders by the system, and poor interface design that was a
potential source for errors. The facilitators included the nurse’s trust in the system, nurse
resilience, and a paper intermediary at the patient’s bedside.

Dowding et al.11 studied four CDS systems in four different settings for the purpose of
discovering how nurses use CDS in practice and the factors that influence use. The CDS
cases included systems for: 1) calculating anticoagulant doses, 2) generating quality of life
scores from patient entered data, 3) recommending a patient’s disposition from an algorithm
based on the answers to a specified set of questions, and 4) monitoring the status of patients
with chronic obstructive lung disease in their homes. The researchers observed 115 nurse/
patient interactions with the systems and conducted 55 interviews with nurses who worked
with the CDS systems at the study sites. The majority of the data were analyzed using
thematic analysis and assigned to one of two categories. The researchers found, for category
one, that CDS supports decisions by facilitating the recording of information, monitoring
patient progress or confirming a decision that had already been made. For category two,
factors affecting use included the nurse’s familiarity with the patient, the patient’s condition,
and aspects of the technology such as ease of use and appropriateness and usefulness of the
content.

Collectively, the studies reviewed underscore the potential value of nursing CDS but also
the need to ensure that each feature works as intended. The two most concerning unintended
consequences of CDS identified include: 1) declining, ignoring, or over-riding the
appropriate recommendations’-11:15.16 and 2) functionality issues that lead to inappropriate
use of the CDS.” The research on nursing CDS conducted to date, however, has
predominantly focused on describing the perceptions of nurses about CDS in general. For
most studies of specific CDS types, the systems were already implemented in practice and
the results were reported as general characteristics of CDS! or as highly nuanced details
about a CDS system.”'16 A major gap in this literature is the absence of a consistent and
feasible methodology for ensuring nursing CDS works as intended before full deployment in
practice. We argue that creating a generalizable method that is adaptable for robustly
evaluating all types of nurse CDS systems prior to full deployment in practice can reduce
many of the unintended and costly consequences that occur without such testing. The study
reported here addresses this gap by moving toward a pre-implementation method that will
ensure nursing CDS works as intended when it is deployed in clinical practice. In this study,
part of a larger effort, we examine the reasons nurses accept or reject specific electronic
prototype care plan suggestions for their patients during a high fidelity simulated
documentation exercise. A short survey questionnaire was created (see Table 1) to help us
target the specific reasons subjects’ accepted or rejected the suggestions generated to
quickly assess if our CDS system was working as intended.
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Design/Setting

Sample

The CDS prototypes were tested in a cross-sectional study using two patient-care scenarios
presented in the CAVE2™ immersive environment at the Electronic Visualization
Laboratory of the University of lllinois at Chicago (UIC).1” The study occurred within a
life-size simulated nursing station, including sights and sounds typical for a busy hospital
unit, and using a computer containing the functional EHR prototypes into which the
participants could enter decisions. The UIC Institutional Review Board granted ethical
approval for the study.

The CDS suggestions tested were added to a modified version of the Hands-on Automated
Nursing Data System (HANDS), an electronic nursing plan of care (POC) software program
(Health Team 1Q, Chicago, Illinois). The modified version provided POCs with 2-5 nursing
diagnoses (NANDA-I), interventions (NIC) and outcomes (NOC), but did not require that
nurses build original care plans from scratch. The CDS suggestions that were added to
modified HANDS and tested in this study were previously developed through three rounds
of usability testing.18:19 During the usability testing, CDS message wording, appearance and
the presence of an alert button were designed and iteratively refined based analysis of
nurses’ responses.

The sample included 21 subjects who were randomly assigned to a CDS group for a clinical
trial comprised of 60 total subjects. There were three CDS groups (n=45) and one control
group (n=15). The CDS was delivered in three slightly different formats: 1) narrative
suggestions, 2) narrative suggestions and a graph forecasting outcomes, and 3) narrative
suggestions and a table forecasting outcomes. The registered nurse subjects were recruited
from a major Midwest metropolitan area to meet preset quotas for the purpose of ensuring
adequate representation of gender, race, education, and nursing experience within the
sample.

Experimental stimulus: CDS feature description

In the study CDS suggestions were made available to nurse subjects when key items on the
nursing plan of care indicated the current plan was not likely to lead to desired patient
outcomes. The subjects were alerted to the CDS suggestions by a red blinking button (red
button). When a red button was selected, a list of CDS suggestions associated with the
button would appear (see Figure 1). The CDS suggestions included recommendations for
changes in the diagnoses, interventions, and outcomes on the POC to meet the patient’s
needs and desired outcomes. The evidence backing the CDS suggestions were derived from
the analyses of 1,546 end of life (EOL) patients’ HANDS data and known best practices
from the literature.20-22 |n summary, when the red button blinked in the patient’s care plan,
it indicated that the action was needed to improve patient outcomes. All suggestions were
accessed with a blinking red button, but the information and suggestions were presented in
one of the three prototypical forms (see Figure 1). When the subject selected items on a CDS
screen, the item(s) would move to the care plan. The appearance of the red button changed
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according to the nurse’s actions as follows: 1) it disappeared when all recommended
suggestions had been added to the POC, 2) it stopped blinking, but remained present, when
some but not all of the recommended suggestions were added to the POC, and 3) it
continued to blink when no recommended suggestions were added to the POC.

Procedures

The study was conducted in five steps: 1) obtaining the participant’s informed consent, 2)
orienting the participant on use of HANDS (including post orientation questions to ensure
the understanding of the system interface), 3) reporting to the participant the assessment data
for two fictitious patients, 4) asking the participant to use HANDS to update patients’ care
plans, and 5) asking the participant to complete the post-experimental survey. One of three
trained researchers guided each participant during this process using a standard protocol of
procedures to ensure that all the participants received the same instructions. Each participant
received $100 for time and travel expenses.

Participants were asked to make and enter decisions in the plans of care for the two fictitious
patients over the course of three simulated shifts. The red button was displayed on the screen
for the first shift. Then, according to the participant’s acceptance or refusal of the CDS
suggestions on the subsequent shifts, the red button reappeared, blinked or did not blink per
the previous rules. The maximum number of suggestions that each participant could accept
was eight across the two fictitious scenarios (three suggestions for patient #1 and five
suggestions for patient #2).

Instruments

The Clinical Decision Support Acceptance Report (CDSAR) questionnaire was created for
this study to evaluate the reasons affecting the participant’s acceptance or non-acceptance of
the suggestions provided and accessed through the blinking red button. The inspiration for
the questionnaire occurred midway through our larger clinical trial study, when team
members indicated concern that subjects appeared to accept CDS suggestions simply
because the “red button” blinked and was annoying. Since our protocol did not include the
ability to assess the nurses’ reasons directly, we created the CDSAR (Table 1) and received
IRB approval to administer it. The new instrument was then administered to all remaining
subjects (h=21) who were assigned to one of the three CDS groups. The CDSAR items were
developed, refined, and face validity established by the five nurse experts who had
participated in the collection and analysis of data gathered during our earlier formative
usability rounds. The instrument consisted of 11 statements that presented possible reasons
for nurses to accept or reject the suggestions accessed through the red button (see Table 1).
The statements were not mutually exclusive and represents our early efforts that will be
refined and psychometrically evaluated in the future. The response option for each statement
was on a 4-point Likert scale that included strongly agree (4), agree (3), disagree (2), and
strongly disagree (1).

Analysis

Our first step was to pair the reasons for accepting the CDS suggestions to actual CDS
suggestions accepted, and pair response items pertaining to rejection with the CDS
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suggestions not accepted. The acceptance rates of the eight CDS suggestions varied. After
completing the descriptive analysis we conducted more in depth analysis of the four CDS
suggestions that were not accepted (rejected) by at least 4 (15%) of the 21 subjects and
examined the association between a rejection and the responses to the four items of the
survey that assessed the reasons related to non-acceptance (see survey items 7 to 10 in Table
1). These four CDS items were: 1) Prioritize Pain, 2) Prioritize Death Anxiety, 3) Remove
Impaired Gas Exchange, and 4) Add Respiratory Monitoring.

There were 12 points possible for the three survey items (4 points each according to the 4-
point Likert scale). A higher score for those who did not accept a CDS suggestion compared
to those who did (i.e., agreement or strong agreement with survey items 7 to 10), may
indicate a lack of trust in the CDS suggestion. Descriptive statistics and t-tests were
computed using statistical software R version 3.1.1 (R Development Core Team, Vienna,
Austria).

In this diverse 21-participant sample, subjects' mean age was 31.3 years (SD 12.2), 15 (71%)
were female, 20 (95%) had a degree of BSN or higher, and the mean years of nursing
experience was 5.0 years (SD 10.3). Subjects’ demographics can be found in Table 2.

From the 168 suggestions displayed during the experiment (8 each per 21 nurse subjects),
the acceptance rate was 73.2% (123 out of 168) and the non-acceptance rate was 26.8% (45
out of 168). Nine participants accepted 80-100% (7-8 suggestions) of the total suggestions,
eight accepted 60-70% (5-6 suggestions), three accepted 50% (4 suggestions), and one
accepted 25% (2 suggestions). The number of accepted suggestions that occurred most often
(mode) among the subjects was seven, and only two subjects accepted all of the eight CDS
suggestions.

The response frequencies to the CDSAR appear in Table 1, where the 4-level responses
were dichotomized to Agree or Disagree. The main reasons for acceptance of the CDS were:
1) believing or being convinced that the suggestions were good for the patients in the
presented case scenarios and 2) because the red button remained present, which implied that
the subject had not made enough recommended changes to the POC. The most frequent
reasons for refusing the CDS suggestions were disagreement and lack of confidence in the
displayed information.

When investigating the most often refused CDS suggestions, as is noted in Table 3, we
found that the cumulative ratings for survey items 7-9 were significantly lower (p=.04) for
those who accepted the suggestion to Remove Impaired Gas Exchange versus those who did
not accept this suggestion, indicating that disagreement with the evidence presented for this
CDS suggestion likely contributed to its rejection.

DISCUSSION

In this study, the top reasons subjects’ indicated for accepting the CDS suggestions were
agreement that the suggestions were good for the patient care situations presented and
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displaying of information that convinced the nurses that the suggestions were helpful to
achieving the care goals. These results support previous findings”-23 in which trust in the
CDS system combined with clinical judgment and the belief that the CDS suggestion would
help the patient were associated with acceptance by the clinician. Collectively, the findings
highlight the importance of framing or presenting CDS evidence in ways that help the
clinician see the potential benefit to the patient’s care. These findings have implications in
an era of “big data” analytics (analysis of complex data sets), in which best practices can be
identified, and yet it is often difficult to provide an explanation to the user that is logical
because of the large number of variables included in the analysis. To utilize the outputs of
big data analysis for evidence based suggestions, therefore, will potentially require
additional interactive refinement to help create suggestions that make logical sense to the
clinician at the point of care.

Another interesting finding of our study is that the interface design of the red button, at least
in part, motivated acceptance of the CDS suggestions as indicated by the subject’s
agreement on the red button questions 3, 4, and 5 (see Table 1). This finding also supports a
previous case study research finding® that the level at which an alert was triggered
influenced nurses' use of CDS systems. The continued presence of the red button may well
serve not only as a reminder of additional nursing diagnoses or interventions to consider
adding, but may also prompt nurses to reflect on the completeness of their care plans.

The pattern of responses to the red button questions (3, 4, and 5, see Table 1) suggests that,
in some instances, nurses may have accepted suggestions only because the red button was
present or blinking, without invoking clinical judgment. Although further study is needed,
the absence of the use of clinical judgment when responding to CDS suggestions is a major
safety concern. First, it is essential for the clinician to weigh the applicability of a CDS
suggestion to the patient’s circumstances, since it is not realistic to expect that decision
support algorithms will always include all relevant patient factors. Second, it is possible for
a CDS suggestion to be delivered incorrectly or contain incorrect content.24 In light of these
concerns, we strongly advocate for comprehensive testing of all nursing CDS systems prior
to full deployment in clinical practice. The testing should include thorough evaluation under
simulation that mimics real time conditions followed by short validation studies conducted
under real-world clinical conditions. In addition, training should include educating the nurse
to exercise clinical judgment before accepting suggestions and taking seriously one’s
responsibility to report any suspected errors in the CDS suggestions.

The non-acceptance rate for the CDS suggestions was 26.8% (45 out of 168). The most
frequent reasons for non-acceptance were disagreement (33%) and lack of confidence (29%)
in the displayed information. Lack of subject trust in the CDS suggestions (a composite
score of questions 7 to 10) was particularly remarkable in that those who did not accept the
CDS suggestion to Remove Impaired Gas Exchange (see Table 3) had a significantly higher
lack of trust in the suggestion (p=.04) versus those who accepted it. Regardless, there was
generally low percentage of agreement for the four reasons (questions 7 to 10; Table 3) for
non-acceptance. For example, we are not clear why 62% of the nurses did not accept the
CDS suggestion to Prioritize Death Anxiety, 52% did not accept the suggestion to add
Respiratory Monitoring, and 29% did not accept the Prioritize Pain suggestion. If the
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primary reason was not disagreement with the evidence, which our results seem to indicate,
there were likely other factors that interfered with the acceptance of these suggestions.
Perhaps the suggestions were misunderstood or somehow not seen. Additional items thus
need to be added to the CDSAR to adequately assess subjects’ reasons for rejecting CDS
suggestions.

Understanding the reasons why a healthcare provider accepts or rejects a CDS suggestion is
also important because decisions made without solid clinical rationale may have an
unintended negative impact on patient outcomes. The importance of this study lies in its
contribution to understanding the nurses’ rationale for their decisions about CDS acceptance
that can be iteratively applied to building high quality and robust CDS for nurses to improve
patient outcomes in the future. Besides that, we began the process of developing a
quantitative tool that we intend to refine and adapt for use in evaluating all types of nursing
CDS systems in the future. Finally, we found our innovative use of simulation in the CAVE
to be an excellent format for pre-testing CDS software before deploying to the practice
setting. Studying the CDS under these conditions is less costly than deploying poorly
evaluated CDS to the clinical setting for refinement through error reporting by the clinicians.
As was noted in the literature, the latter results in costly unintended consequences. The
study also exposed the need to examine the potential impact on acceptance of CDS
suggestions that repeat frequently across time and patients. For this study, the red button at
least in part seemed to serve as a reminder that supported acceptance of CDS suggestions.
Nonetheless, seven subjects indicated that they “accepted the suggestions because the red
button was annoying me.” Since exposure to the red button and suggestions were new for
subjects (and occurred for only two patients across three shifts), further study is warranted to
determine the long term effectiveness of repeated exposure to the red button and CDS
suggestions.

LIMITATIONS AND FUTURE DIRECTIONS

The two main limitations of this study are the small sample size and the use of an
instrument, CDSAR, for which the psychometrics had not yet been fully established. As a
result, the findings reported here for this pilot can only be considered as preliminary.
Nonetheless, the sample size and diversity of subjects helped us identify important deficits
in the CDSAR and in the way that it was administered. For example, we found that the
CDSAR instrument is clearly missing items that cover the main reasons for rejecting some
CDS suggestions. In addition, we learned that by asking subjects to base their survey
responses on all CDS items we were unable to clearly discern why a specific CDS item was
accepted or rejected. In addition, the instrument in its current form is specific to our care
planning software and we would like to make it adaptable for use in evaluating all forms of
nurse CDS efficiently. Further studies, with larger sample sizes, are thus planned to enhance
the psychometrics and universality of the CDSAR instrument in evaluating all types of nurse
specific CDS systems under high quality simulation. This knowledge will contribute
substantially to creating an efficient methodology for fully testing nurse CDS systems prior
to wide scale deployment in clinical practice.

Comput Inform Nurs. Author manuscript; available in PMC 2016 October 01.



1duosnuey Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sousa et al.

Page 9

Acknowledgments

This research was made possible by Grant Number 1R01 NR012949 from the National Institutes of Health,
National Institute for Nursing Research. Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the National Institute for Nursing Research. The final peer-reviewed
manuscript is subject to the National Institutes of Health Public Access Policy.

The authors thank Veronica Angulo for subject recruitment and clerical assistance and Dr. Marie Suarez, David
Shuey, Kevin McDaniel, Brenda Burke, and GW Douglas for assistance with data collection and processing.

References

1.

Department of Health and Human Services. Federal Health IT Strategic Plan 2015-2020. Quick
reference fact sheet. http://www.healthit.gov/newsroom/fact-sheets. Accessed May 28, 2015.

. Department of Health and Human Services. A Record of Progress on Health Information
Technology. http://www.healthit.gov/sites/default/files/
record_of_hit_progress_infographic_april_update.pdf. Accessed May 28, 2015.

. Osheroff JA, Teich JM, Middleton B, Steen EB, Wright A, Detmer DE. A roadmap for national
action on clinical decision support. J Am Med Inform Assoc. 2007; 14(2):141-145. [PubMed:
17213487]

. Bates DW, Kuperman GJ, Wang S, et al. Ten commandments for effective clinical decision support:
making the practice of evidence-based medicine a reality. J Am Med Inform Assoc. 2003; 10(6):
523-530. [PubMed: 12925543]

. Berner, ES. Clinical decision support systems: state of the art. 2009. http://healthit.ahrg.gov/sites/
default/files/docs/page/09-0069-EF_1.pdf. Accessed May 20, 2015.

. Doran D, Haynes BR, Estabrooks CA, et al. The role of organizational context and individual nurse
characteristics in explaining variation in use of information technologies in evidence based practice.
Implement Sci. 2012; 7(122):38. [PubMed: 22531013]

. Campion TR Jr, Waitman LR, Lorenzi NM, May AK, Gadd CS. Barriers and facilitators to the use
of computer-based intensive insulin therapy. Int J Med Inform. 2011; 80(12):863-871. [PubMed:
22019280]

. Di Pietro T, Coburn G, Dharamshi N, et al. What nurses want: diffusion of an innovation. J Nurs
Care Qual. 2008; 23(2):140-146. [PubMed: 18344780]

. Dumont C, Bourguignon C. Effect of a computerized insulin dose calculator on the process of
glycemic control. Am J Crit Care. 2012; 21(2):106-114. [PubMed: 22381987]

10. Alquraini H, Alhashem AM, Shah MA, Chowdhury RI. Factors influencing nurses’ attitudes

1

towards the use of computerized health information systems in Kuwaiti hospitals. J Adv Nurs.
2007; 57(4):375-381. [PubMed: 17291201]

1. Dowding D, Mitchell N, Randell R, et al. Nurses’ use of computerized clinical decision support
systems: a case site analysis. J Clin Nurs. 2009; 18(8):1159-1167. [PubMed: 19320785]

12. Cho I, Staggers N, Park I. Nurses’ responses to differing amounts and information content in a

diagnostic computer-based decision support application. Comput Inform Nurs. 2010; 28(2):95-
102. [PubMed: 20182160]

13. Randell R, Dowding D. Organisational influences on nurses’ use of clinical decision support

systems. Int J Med Inform. 2010; 79(6):412-421. [PubMed: 20233670]

14. Saleem JJ, Patterson ES, Militello L, Render ML, Orshansky G, Asch SM. Exploring barriers and

facilitators to the use of computerized clinical reminders. J Am Med Inform Assoc. 2005; 12(4):
438-447. [PubMed: 15802482]

15. Erneséter A, Holmstrém |, Engstrém M. Telenurses’ experiences of working with computerized

1

decision support: supporting, inhibiting and quality improving. J Adv Nurs. 2009; 65(5):1074—
1083. [PubMed: 19399984]

6. Sward K, Orme J Jr, Sorenson D, Baumann L, Morris AH. Reasons for declining computerized
insulin protocol recommendations: application of a framework. J Biomed Inform. 2008; 41(3):
488-497. [PubMed: 18499528]

Comput Inform Nurs. Author manuscript; available in PMC 2016 October 01.


http://www.healthit.gov/newsroom/fact-sheets
http://www.healthit.gov/sites/default/files/record_of_hit_progress_infographic_april_update.pdf
http://www.healthit.gov/sites/default/files/record_of_hit_progress_infographic_april_update.pdf
http://healthit.ahrq.gov/sites/default/files/docs/page/09-0069-EF_1.pdf
http://healthit.ahrq.gov/sites/default/files/docs/page/09-0069-EF_1.pdf

1duosnuey Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sousa et al.

17.

18.

19.

20.

21.

22.

23.

24,

Page 10

Febretti, A.; Nishimoto, A.; Thigpena, T., et al. CAVEZ2: a hybrid reality environment for
immersive simulation and information analysis: SPIE 2013: Proceedings of the Engineering
Reality of Virtual Reality. San Francisco, United States: 2013.

Keenan GM, Yakel E, Yao Y, et al. Maintaining a consistent big picture: meaningful use of a web -
based POC EHR system. Int J Nurs Knowl. 2012; 23(3):119-133. [PubMed: 23043651]

Febretti, A.; Lopez, K.; Stifter, J., et al. A Component-Based Evaluation Protocol for Clinical
Decision Support Interfaces. In: Marcus, A., editor. Design, User Experience, and Usability
Design Philosophy, Methods, and Tools. Las Vegas: Springer Berlin Heidelberg; 2013. p.
232-241.

Al-masalha F, Xu D, Keenan GM, et al. Data mining nursing care plans of end-of-life patients: a
study to improve healthcare decision making. Int J Nurs Know. 2013; 24(1):15-24.

Yao Y, Keenan G, Al-Masalha F, et al. Current state of pain care for hospitalized patients at end of
life. Am J Hosp Palliat Care. 2013; 30(2):128-136. [PubMed: 22556281]

Mercadante S. Managing difficult pain conditions in the cancer patient. Curr Pain Headache Rep.
2014; 18(2):1-7.

Sittig DF, Krall MA, Dykstra RH, et al. A survey of factors affecting clinician acceptance of
clinical decision support. BMC Med Inform Decis Mak. 2006; 6(1):6. [PubMed: 16451720]
Harrison MI, Koppel R, Bar-Lev S. Unintended consequences of information technologies in
health care—an interactive sociotechnical analysis. J Am Med Inform Assoc. 2007; 14(5):542—
549. [PubMed: 17600093]

Comput Inform Nurs. Author manuscript; available in PMC 2016 October 01.



1duosnuey Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Sousa et al. Page 11

- Hands-On Autemated Nursing Data System

0 2 combinanion of Medication . Positioning and Pain has the most postive
— mpact on Pain Level.
W constipation +Xx1 0 A 23d NIC: Postionng
© _Bewel Elimination +x © 1t is more Afficult to control pan when EOL patiers has both Pain and Impared Gas Exchange
A Bowel Management x problems
A Self-Care Assistance: Tolleting x 0 M Priortize NANDA: Acute Pan
B Acute Pain +x1 0 A add NIC: Consukation: Paliative Care
@ Pelnievel +x [[_savetoroc | Close without sa

A Medication Management X

Pain Level

— ? ) W lnpreved trestment
(Expected: 5) 2 3 l 4 la l;
A Self-Care Assistance: Toilleting x W carrent care contlnues
B Acute Pain +Xx1
@  PainLevel + x g 8 : g g
A Medication Mansgemeat x Hours “ince
Ohrs Now | 2ames | 36bes | a8bes | SONrs | 72hes
A Pain Mansgemeat x Admisiaan
B Ocath Raxiety +x1
@ ¢ Death + X
A Calming Technigee x 0 & comtenaton of Medi ¥ and Paim hat the most cosTive
A Spiritual Suppert x gt ¢n Pal Lovel.

O A asdrac: Pestionng

o s more SMOUR T0 cONEred pan when EOL pabert hai both Pale ad 1npared Gid Exchans
problems

O B priorece Nadita: Aote Pan

D A #dd10c: Comutation: Paliative Care

T—=

= Haads -On Autamated Nursing Data Systems

Pain Level

m

Bapected S5 = - aes e e e = - -
@ sowel tEminatisn + X o with Emproved
A Bowel Maaagement x treatnent
A Sel-Care Assistance: Tolleting x 3
B acute Pain +X1 R
@  Pain Level + X NOC i m
1) ousrred
A Medcation Management x Rating i ml;imﬂ
A Pals Management x Admission NOW 24 36 a8 ] 72
B Death Asxioty +x1 Hours since admission
@ comfortable Death + X
A cCalming Tochnique x 0 & combination of Medication M . ard Pain has the most postve
A Spiritual Suppart x meact on Paim Level.
O A asanIC: Postionng
© 1t = more difiadt to control pan whan ECL patiert has both Pale and Impasred Gas Exchange
problerms .
O B Priontize NANDA: Acute Pain
[0 A &34 NIC: Consultaten: Palative Care
| Save 10 POC [ Close mithout sa
—
Il
Figure 1.

Nursing care plan examples within the three different HANDS prototypes.
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Clinical Decision Support Acceptance Report: Reasons for acceptance/refusal of the CDS suggestions.t

Table 1

Item Response n %
1. I accepted the suggestions because | believe they Agree 20 100.0
were good for the patient situations that were i
2 Disagree 0 0.0
presented.
2. | accepted the suggestions because the system Agree 19 905
displayed information that convinced me they .
would help achieve the care goals for the patients. Disagree 2 9.5
3. | accepted suggestions because the red button Agree 13 619
remained present, which told me that | didn’t make .
enough changes. Disagree 8 38.1
4. 1 accepted the suggestions because | wanted to Agree 10 588
2
make the red button go away. Disagree 7 412
5. | accepted the suggestions because the red button Agree 7 41.2
i i 2

was annoying me (I like a clean screen). Disagree 10 588
6. | accepted the suggestions because I didn’t know Agree 7 333
what to do. i

Disagree 14  66.7
7. 1did not accept the suggestions because | Agree 7 333
disagreed with them. i

Disagree 14  66.7
8. 1 did not accept the suggestions because | did not Agree 6 28.6
have confidence in them. i

Disagree 15 714
9. | did not accept the suggestions because | was Agree 4 190
uncertain about the strength of the evidence on i
which they were based. Disagree 17  81.0
10. I did not accept the suggestions because | don’t Agree 0 0.0
like others telling me what to do. i

Disagree 21 100.0
11. I added other diagnoses, interventions, or Agree 6 300
outcomes not suggested thinking these would take i

Disagree 14  70.0

away the red button.?

1Items Copyright © 2014 HANDS Research Team, reprinted with permission.

2 .
Some of the statements have a number of total responses less than 21 due to items not rated.
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Nurses sample characteristics.

Variable Category Frequencyl
Gender Male 6
Female 15
AgeinYears ~ Mean(sd)  31.3(12.2)
Range 22-71
Ethnicity? Hispanic 1
Non- 20
hispanic
Race? White 8
Black 4
Asian 7
Other 2
Experience3 Mean (sd) 5.0 (10.3)
Range 0-44
Education ADN 1
BSN or 20
above
Familiar with Yes 21
NANDA-I,
NOC, and Nic  NANDA-I 0
only
No 0

1Values represent frequency unless category indicates otherwise

2_., .. .
Ethnicity and race were self-reported by the subjects.

3 . .
Years of professional experience.
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Acceptance rate of four least-accepted CDS suggestions and comparison of subjects’ Clinical Decision

Table 3

Page 14

Support Acceptance Report mean scores (for questions 7, 8, and 9) by subjects who accepted/not accepted
each CDS suggestion.

CDS suggestion Acceptance  Accepted  Not Accepted p
rate Score Score Value
Mean (sd) Mean (sd)
Prioritize Death Anxiety 8 (38.1%) 6.9 (2.0) 6.0 (2.6) 40
Add Respiratory Monitoring 10 (47.6%) 6.7 (2.2) 6.0 (2.6) 51
Remove Impaired Gas Exchange 12 (57.1%) 5.4 (2.3) 7.6 (2.0) .04
Prioritize Pain 15 (71.4%) 6.0 (2.2) 7.2(2.9) 40
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