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Abstract

Background: Nurses play an important role in detecting patients with clinical deterioration. However, the problem of nurses
failing to trigger deteriorating ward patients till persists despite the implementation of a patient safety initiative, the Rapid
Response System. A Web-based simul ation was devel oped to enhance nurses' rolein recognizing and responding to deteriorating
patients. While studies have eval uated the effectiveness of the Web-based simulation on nurses’ clinical performancein asimulated
environment, no study has examined itsimpact on nurses' actual practice in the clinical setting.

Objective: Theobjective of thisstudy wasto evaluate the impact of Web-based simulation on nurses' recognition of and response
to deteriorating patients in clinical settings. The outcomes were measured across all levels of Kirkpatrick’s 4-level evaluation
model with clinical outcome on triggering rates of deteriorating patients as the primary outcome measure.

Methods: A before-and-after study was conducted on two general wards at an acute care tertiary hospital over a 14-month
period. All nursesfrom the two study wardswho undertook the Web-based simulation as part of their continuing nursing education
were invited to complete questionnaires at various time points to measure their motivational reaction, knowledge, and perceived
transfer of learning. Clinical records on cases triggered by ward nurses from the two study wards were evaluated for frequency
and types of triggers over a period of 6 months pre- and 6 months postintervention.

Results: The number of deteriorating patientstriggered by ward nursesin amedical general ward increased significantly (P<.001)
from pre- (84/937, 8.96%) to postintervention (91/624, 14.58%). The nurses reported positively on the transfer of learning (mean
3.89, SD 0.49) from the Web-based simulation to clinical practice. A significant increase (P<.001) on knowledge posttest score
from pretest score was also reported. The nurses also perceived positively their motivation (mean 3.78, SD 0.56) to engage in
the Web-based simulation.

Conclusions; This study provides evidence on the effectiveness of Web-based simulation in improving nursing practice when
recognizing and responding to deteriorating patients. This educational tool could be implemented by nurse educators worldwide
to address the educational needs of alarge group of hospital nurses responsible for patientsin clinical deterioration.

(J Med Internet Res 2016;18(2):€37) doi: 10.2196/jmir.5294
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Introduction

In contemporary acute health care settings, there have been
increasing numbers of patients with complex health problems
who are more likely to deteriorate during their hospital
admission, leading to significant adverse events. Thistrend is
expected to continue as aresult of anincreasing number of older
and more acutely ill patients being cared for in general wards
[1,2]. Adverse events are defined as unintended complications
andinjuriesthat lead to mortality, unplanned intensive care unit
admissions, and cardiopulmonary arrests[3]. Thereisevidence
suggesting that adverse events occurring in general wards are
often related to suboptimal care provided by ward nurses [4].
Having the most frequent direct contact and responsibility for
monitoring patient vital signs, ward nurses are in the best
position to recognize warning signs, report these signs to
appropriate health care staff, and initiate immediate actions
before the arrival of appropriate help [5,6].

A patient safety initiative, the Rapid Response System (RRS),
was widely implemented in acute care hospitalsto improve the
care of patientswith unexpected clinical deterioration, with the
aim of preventing serious adverse events [7]. This system
consists of an afferent limb and an efferent limb. The afferent
limb involves detecting patient deterioration and triggering a
response, followed by the efferent [imb where the response team
treats and prevents further deterioration of the patient [8]. The
problem of the afferent [imb where ward nurses continue to fail
in triggering patient deterioration still persists despite the
implementation of track-and-trigger systems such as the Early
Warning Score System (EWSS) [9,10].

Staff education is advocated for improving ward nurses
competenciesin the care of deteriorating patients[5,11,12]. To
date, s mulation using mannequins has been widely implemented
to provide opportunities for nurses to problem solve clinical
Situations of patient deterioration in a safe and controlled
environment [13,14]. However, given the resource-intensive
nature of this simulation, which requires simulation facilities,
trained facilitators, and small group learning, it has constraints
in providing a scalable and sustainable training [15]. With the
advancement in multimediatechnol ogy, these constraints could
be eased as it is now possible for situating simulations in
Web-based learning, known as Web-based simulation [16].

Web-based simulation has been widely adopted for training
health professionals [16,17]. A Web-based simulation using a
virtual patient, known as e-RAPIDS (Rescuing a Patient in
Deteriorating Situations), was developed at the National
University of Singapore (NUS) by a multidisciplinary health
care team from academic and clinical institutions for
undergraduate nursing training to enhance student nurses
clinical performance in assessing and managing deteriorating
patients. Using a randomized controlled trial (RCT) study,
e-RAPIDSwas shown to be at |east as effective as, if not better
than, the mannequin-based simulation in improving nursing
performance [18]. The successful implementation of the
Web-based simulation for undergraduate nurses has prompted
us to further develop Web-based simulation for training of
hospital nurses. As alarge group of hospital ward nurses was
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to be trained, Web-based simulation appeared to be a more
cost-effective training method compared to the mannequin-based
simulation. To address the educational needs of hospital nurses,
more learning content was added and delivered through avariety
of instructional strategies (animation and multimedia
instructional materials) in eeRAPIDS. The learning materials
werevalidated by ahospital nurse educator and medical clinician
[19]. The effectiveness of e-RAPIDS in improving hospital
nurses competencies at assessing and managing clinical
deterioration was demonstrated in a simulated environment
through an RCT [20].

Although previous studies have used rigorous research
methodol ogieslike RCTsto eval uate the outcomes of eeRAPIDS
[18,20], the quality of evidence was limited in the context of a
simulated environment and at Level 2 (learning outcomes) of
Kirkpartick’shierarchy of educational outcomes[21]. Thisstudy
aimed to evaluate the impact of eeRAPIDS in clinical settings
on improving nursing practice in recognizing and responding
to deteriorating patients. The outcomes were measured across
the levels of Kirpatrick’s evaluation model adapted by Tochel
et al [22] with changes in nursing practice on triggering rates
of deteriorating patients (Level 4A) as the primary outcome
measure. We hypothesized that the number of cases triggered
by the nurses would increase after the e-RAPIDS training.
Secondary outcome measures included motivation (Level 1),
knowledge (Level 2b), and perceived training transfer (Level
3).

Methods

Study Designs, Setting, and Participants

After receiving approval from an ingtitutional review board, a
pre- and postintervention study was conducted on one surgical
ward and one medical general ward at an acute care tertiary
hospital. The hospital is a 991-bed teaching hospital at a
university in Singapore. These two study wards were chosen
for their specialties and their high triggering rates based on
previously recorded trigger forms. All registered nurses (RNSs)
and enrolled nurses (ENs) who wereworking in these two wards
during the study period were scheduled to undertake the
e-RAPIDS training, as part of their continuous nursing
education, at the Centre for Healthcare Simulation from June
1-August 14, 2014.

Implementation of e RAPIDS

The nurses were individually brought into a room equipped
with a computer set-up. The RNs and ENs were assigned a
different version of e-RAPIDS: the RN version for RNsand the
EN version for ENs. They were al instructed to follow the
learning path and complete three parts of the program (see
Figure 1). The first part required the participants to watch an
animated video that focuses on early detection of changes in
vital signs. Using a case scenario of a deteriorating patient, the
animated video presented the early underlying compensatory
mechanisms that highlighted the importance of recognizing an
increasein respiratory rate and heart rate as early signsof patient
deterioration. The second part was a study guide, which was
presented using multimedia instructional materials (eg, texts,
illustration, and audio of lung sounds), on thelist of performance
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tasks to assess, manage, and report on a deteriorating patient.
These tasks were organized using the ABCDE (Airway,
Breathing, Circulation, Disability, and Expose/Examine) and
ISBAR (Identity, Situation, Background, Assessment, and
Recommendation) mnemonics. The lists of tasks included in
the RN version and EN version were based on the scope of
practice and rolesas RNs or ENs. Thefina part of the program
wasavirtual smulation that was embedded with five simulation
scenarios associated with a patient who has deteriorating
conditions. The nurses were instructed to attempt all five

Figurel. Learning pathin eeRAPIDS.
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scenarios. In each scenario, the nurses were taken through 4
steps: (1) select appropriate actions from the control menus (eg,
ABCDE and ISBAR) to assess, manage, and report on the
deteriorating patient, (2) reflect on the simulation experience
using the debriefing questions, (3) review the evaluation
checklist and receive feedback on the actions taken in the
simulation scenario, and (4) to undertake a short multiple-choice
guestionnaire (MCQ) to eval uate their knowledge of the subject
content. Theentire e-RAPIDS | asted approximately 2.5-3 hours,
and the website can be accessed by anyone [23].

Part 1: Animated Video

Presented using a case-
based approach

assessing managing and
reporting on a deteriorating

Part 2: Study Guide

+Presented using ABCDE
and ISBAR mnemonics

*To understand physioclogical *To acquire knowledge on
signs of deterioration performance tasks for
patient

Part 3: Virtual Simulation

*Presented with five case
SCenarios

*To perform repetitive
practice on a virtual patient
*To reflect and receive
feedback

Evaluation of eeRAPIDS

The Kirpatrick’s evaluation model, adapted by Tochel et al for
classifying the outcomes of educational intervention, was
applied in thisstudy to guidethe evaluation of e-RAPIDS. These
levels include Level 1 (participation), Level 2a (modification
of attitudes), Level 2b (modification of knowledge or skills),
Level 3 (behavioral change), Level 4a(changein organizational
practice), and Level 4b (benefit to patients/clients) [22].

Participation: Motivational Reaction (Level 1)

All participants were invited to complete the Instructional
Material Motivation Survey (IMMS), which used a 5-point
Likert scale, immediately after completing the e-RAPIDS. The
survey assessed their motivational reactions to the program
using thefour characteristics (Attention, Relevance, Confidence,
and Satisfaction) from Keller's model of motivational design
[24]. Cronbach alphareported for this study was .79 for scores
from all IMMS dimensions.

Modification of Knowledge (Level 2b)

The participants knowledge on clinical deterioration was
assessed through the 30-item MCQ that was administered
immediately before and after eRAPIDS. Two sets of
guestionnaires, RN-MCQ for RNsand EN-MCQ for ENs, were
developed that aligned with the program’s learning objectives.
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The content validity of the questionnaires was established by a
panel of medical and surgical care experts.

Behavioral Changes: Training Transfer at Workplace
(Level 3)

This level was evaluated through a self-reported questionnaire
that was conducted 3-4 months after the e-RAPIDS took place.
All nurses who had undertaken the learning were invited to
complete aquestionnaire, which used a5-point Likert response
scale, on their perceived training transfer at workplace. The
guestionnaire was adapted and modified from a previous study
[25] tofit our study’ssituation. While aprevious study reported
aCronbach alphaof <.80[25], our study obtained ahigh internal
consistency of Cronbach alpha=.94.

Changein Organizational Practice: Trigger Cases(Level
4a)

Clinical recordson casestriggered by ward nursesfrom thetwo
study wards were checked by an investigator for frequency and
types of triggers over aperiod of 6 months pre- (December 2013
to May 2014) and 6 months postintervention (August 2014 to
February 2015). The types of trigger included respiratory rate,
oxygen saturation, pulse rate, blood pressure, acute change in
mental status, and serious concern. The patient characteristics
of the two wards, including the number of admitted patients,

JMed Internet Res 2016 | vol. 18 | iss. 2| €37 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

number of occupied beds, length of stays, and age were aso
measured from the hospital admission.

Data Analysis

Descriptive statistics of the study population and ward
characteristics are presented using means, standard deviations,
counts, and percentages. Means and standard deviation were
calculated to examine the participants motivational reaction
and perceived transfer of learning. Paired t test was used to
examine any significant changes between the baseline and
posttest knowledge scores. Independent samplet test was used
to determine any significant differences between the RN and
EN groups. Chi-sguaretest or Fisher’'s exact test was performed
for comparisons of binomial proportions between the pre-and
postintervention periods.

Results

Demographics

A total of 99 nurses (85% participation rate) from the surgical
ward (53/99, 54%) and medical ward (46/99, 46%) participated

Table 1. Mean motivation scores (N=99).
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in the eeRAPIDS training, with atotal of 64 RNs and 35 ENs.
Most of them were female (95/99, 96%) with an average age
of 27.63 years (SD 5.54). About half had a bachelor’s degree
(49/99, 50%) and less than 3 years of work experience (48/99,
49%). All of them completed the IMM S and knowledge tests.
Among those nurseswho undertook the education, 84% (83/99)
of them (25 ENs and 58 RNs) completed the questionnaire on
their perceived training transfer at workplace.

M otivational Reaction

As shown in Table 1, the overall IMMS mean scores (mean
3.78, SD 0.56) of the nursesindicated that they were motivated
to learn the e RAPIDS. The subscale score of the IMMS
indicated that the nurses perceived highly positively the practical
relevance of the content and were highly satisfied with the
program. The program was also perceived to be more
stimulating in capturing attention (mean 4.06, SD 0.52 vs mean
3.00, SD 0.48, P<.001) as well as building a higher level of
confidence (mean 3.83, SD 0.44 vsmean 2.73, SD 0.53, P<.001)
among the RNs than the ENs. The overall scores of the RNs
(mean 4.02, SD 0.43) were significantly higher (P<.001) than
the ENs (mean 3.34, SD 0.51).

Mean (SD) 95% confidence interval
Overdl 3.78 (0.56) 3.67-3.89
Subscales
Attention 3.67(0.73) 3.52-3.81
Relevance 4.11 (0.58) 3.99-4.22
Confidence 3.44 (0.71) 3.30-3.58
Satisfaction 4,01 (0.72) 3.87-4.15
Knowledge Training Transfer at Workplace

After the educational intervention, the RN group demonstrated
a significant increase (P<.001) on knowledge posttest scores
(mean 22.47, SD 2.99) from pretest score (mean 18.80, SD
3.05). Similarly, the EN group also showed a significant
improvement (P<.001) on the knowledge posttest scores (mean
19.57, SD 3.97) from the pretest score (mean 16.57, SD 3.99).

http://www.jmir.org/2016/2/e37/

As shown in Table 2, the participants demonstrated positive
attitudes (mean 3.89, SD 0.49) toward the transfer of learning
to clinical practice with mean scores on each item that ranged
from 3.39-4.13. No significant difference was found between
the RNs (mean 3.82, SD 0.52) and ENs (mean 4.06, SD 0.39).
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Table 2. Perceived attitudes towards training transfer among the nurses (N=83).

Items Mean (SD) 95% confidence interval
I will make a plan to put into practice what | have learned after | get back to the workplace. 3.99 (0.57) 3.86-4.11
I will work as hard as possible to put into practice what | have learned for the patients’ benefit. 4.05(0.62) 3.91-4.18
My work is more organized after | have put into practice what | have learned from the training. 3.87 (0.60) 3.74-4.00
It will be disgraceful if | do not put into practice what | have learned from the training | attended. 3.72(0.77) 3.55-3.89
| am sure that what | have learned from the training is put into practice for the patients’ benefit. 4.13 (0.54) 4.02-4.25
| feel motivated toward my role in patient deterioration after having attended the training programs. 3.95(0.71) 3.80-4.11
My commitment towards my role in patient deterioration has increased as aresult of attending the 3.90 (0.76) 3.74-4.07
training programs.

Supervisors or peers have told me that my performance has improved following the training programs.  3.39 (0.68) 3.24-3.53
I work with more confidence after putting into practice what | have learned from the training. 3.95(0.64) 3.81-4.09
| have changed my behavior in order to be consistent with the material taught in the training programs.  3.87 (0.62) 3.73-4.00
| knew that | would benefit from the training. 4.07 (0.69) 3.92-4.22
My work performance improved after | attended the training. 3.88 (0.65) 3.74-4.02
My work will be rewarded if | put into practice what | have learned. 3.75(0.66) 3.60-3.89
| am capable of putting into practice what | have learned from the training even though | am busy. 3.98 (0.54) 3.86-4.09

Trigger Cases

We studied 2155 patients during the pre-intervention period
compared to 1841 patients during the postintervention period.
The characteristics were similar between the two periods, but
there was a significant increase (P<.05) in hospita length of
stay in the surgical unit (see Table 3). As shown in Figure 2,
the number of cases triggered by nurses in the medical ward

Table 3. Characteristics of the two wards during the study period.

increased significantly (P<.001) from 8.96% (84/937) in the
pre-intervention period to 14.58% (91/624) in the
postintervention period. However, no significant difference
(P=.15) between the pre- (24/1218, 1.97%) and postintervention
period (15/1217, 1.23%) was found in the surgical unit. The
analysis of each type of trigger did not show any significant
differences between the pre- and postintervention periods.

6 months, pre- 6 months, post P value
(n=2155) (n=1841)
Age of patientsin years, mean (SD)
Surgical unit 60.64 (17.78) 61.11 (18.01) 21
Medical unit 68.30 (18.35) 69.73 (18.96) 51
Length of stay in days, mean (SD)
Surgical unit 5.68 (7.71) 6.01 (9.36) .02
Medical unit 6.50 (7.54) 6.66 (8.27) .06
Occupied beds per day, mean (SD)
Surgical unit 42.29 (0.79) 41.79 (0.87) 21
Medical unit 43.10 (0.63) 43.11(0.32) .84
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Figure 2. Rate of trigger cases at 6 months pre-intervention and 6 months postintervention.

—4—surgical ward
——medical ward

. 14.58
R
£
vy
]
S 10
g %.96
ks
=
k)
z
m
e 5

‘.__
1.97 - 1.23
0
Pre-intervention Post-intervention
: : ractice. However, given the relatively low level of confidence
Discussion b g y

Principal Findings

We measured the outcomes across the levels of an existing
adaptation of Kirpatrick’smodel [22] during a 14-month period
to evaluate the impact of eeRAPIDS. At Level 4a, change in
organization practice, we found asignificantly increased number
of cases being triggered by nurses in the medical ward but no
changes in the surgical ward. This could be due to the
characteristics of patients admitted to the medical ward who
were more likely to deteriorate from their underlying medical
diagnosis and comorbidities than the surgical patients.
Nevertheless, the improved outcome from the triggering data
of the medical ward provided some evidence to support the
effectiveness of e-RAPIDS in improving nursing practice on
recognizing and responding to deteriorating ward patients. This
evidence was further supported by the self-reported perceived
training transfer (Level 3) that verified the change of nurses
behaviorsin their workplace after the educational intervention.
This improvement in nursing practice could ultimately lead to
better patient outcomes. However, as the intervention focused
only on the afferent limb of RRS, the evaluation of patient
outcomes (Level 4b) that are al so dependent on the effectiveness
of the response team (efferent limb) is beyond the scope of this
study.

As shown in our study, the knowledge gained from e-RAPIDS
has resulted in the transfer of learning to the nurses' clinical
practice. Consistent with a previous study [20], our findings
reinforced the effectiveness of e-RAPIDS in improving the
nurses knowledge in recognizing and responding to
deteriorating ward patients. This study therefore supports the
acquisition of this relevant learning content in supporting the
role of nursesin their care of deterioriating patientsin clinical

http://www.jmir.org/2016/2/e37/

RenderX

reported by the ENs, the level of difficulty of the learning
content for the EN version may need further examination. Apart
from the learning content, the knowledge gained observed could
be uniquely attributed to the variety of instructional strategies
incorporated into e-RAPIDS. The acquisition of factual
knowledge using multimedia such as animation video, text, and
audio was followed by the application of knowledge through
repetition, practice, and feedback in thevirtual patient scenarios
[19]. The resemblance of the virtua patient scenarios to
equivalent real-life scenarios provides an authentic learning
context that reflects the way knowledge and skills will be
applied in the actual workplace [18]. This authenticity was
identified as acritical determinant of learning transfer [26].

Nurses positive motivation to engage in eRAPIDS was
reported in this study, demonstrating the acceptability of this
learning strategy as part of their continuing nursing education.
Similar to the learning of cardiopulmonary resuscitation, the
opportunity to engage in repetitive training is essential for the
retention of knowledge and skills in assessing and managing
deteriorating ward patients. A previous study demonstrated the
effective use of either the virtual patient simulation or
manneguin-based simulation, with no superiority over each
other, asarefresher learning strategy for maintenance of clinical
performances [18]. However, with the high resource intensity
associ ated with the mannequin-based simulation, the feasibility
of engaging in repetitive training to maintain the competency
of a large group of hospital nurses is challenging [19]. In
contrast, &RAPIDS provides unlimited training opportunities,
which makes it a viable option for training a large number of
nurses to achieve long-term retention of learning. Apart from
using it as a refresher training course, e-RAPIDS could serve
asapromising self-directed learning strategy to prepare nurses
for mannequin-based simulation experience[19]. Futuretraining
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could implement these learning strategies, forming part of a
blended-learning strategy [27], to optimize the impact of RRS.
While the eeRAPIDS could emphasize the nursing role in
assessing and managing a deteriorating patient, the
mannequin-based simulation could extend this to involve
effective  communication and teamwork  through
interprofessional training. Future studies could evaluate the
effectiveness of this blended-learning strategy on the RRS by
evaluating patient outcomes.

Limitations

An important limitation of this study is the lack of a control
group that received no educationa intervention. The vast
difference in characteristics between the wards at the study
hospital made it difficult to identify the control wards that are
comparable to the intervention wards. Nevertheless, the
before-and-after design, the follow-up at 2-3 months after
training, and thetriangul ation of the results provided reassurance
on the robustness of the study outcomes. Another limitation is
the clinical outcome measure that we evaluated based on the
documented triggers. Given the short timeline of this study, the
triggering rates were measured for a relatively short period.
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Moreover, due to the logistic constraints of this study, we did
not assess triggers that were missed from the vital signs
documentation.

Conclusion

Using a before-and-after study design that was conducted over
a 14-month period, this study provides evidence on the
effectiveness of e RAPIDS on improving nursing practice in
recognizing and responding to deteriorating patients. This
evidence was demonstrated by the significantly increased
number of deteriorating patients triggered by ward nurses in
the medical ward after the implementation of the educational
intervention. The study also provides evidence on the knowledge
gained from e-RAPIDS that resulted in the transfer of learning
tothenurses clinica practice. ThisWeb-based simulation could
be used by nurse educators worldwide to address the educational
needs of nursesin clinical deterioration. Future effort is needed
to optimize the use of eRAPIDS with other educational
strategies such as interprofessiona simulation training and to
evaluate the impact of this blended-learning strategy on patient
outcomes.
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