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Abstract

Study design Mixed-methods study.

Objective Evaluate the knowledge that family caregivers of individuals with spinal cord injuries acquired through the use of
a high-fidelity simulation-based learning (SBL) program.

Setting The study was comprised of three phases: a previous qualitative research study detecting training needs, one in
which clinical simulation scenarios were designed, and a final quasi-experimental phase in which ten caregivers of indi-
viduals with spinal cord injuries were trained in their care using simulations at the Toledo National Hospital for Paraplegics
(Spain).

Methods The competences acquired by the family were evaluated before and after the simulation training. A researcher-
validated tool for each scenario was utilized for this evaluation.

Results Four learning scenarios were designed based on the needs identified through the caregiver interviews. Following the
training of the caregivers with SBL, an increase in their knowledge and skills was identified. For all the scenarios,
the caregivers obtained a higher average score on the post test than on the pre test, and these differences were significant
(p<0.001).

Conclusions Simulation training is a useful and efficient learning tool for caregivers of individuals with a spinal cord injury.

Introduction

Spinal cord injuries (SCI) create new needs and priorities in
the lives of people who suffer from it and their loved ones
as well. [1, 2]. A person with a SCI is often dependent on
family members for physical care, social contact, and
emotional and financial support. Thus, his or her recovery
rests heavily on family support, especially during the early
phase of the recovery period immediately following the
injury [3]. As the caring for people with a SCI has specific
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idiosyncrasies that differentiate it from the caring of patients
with other types of neurological injuries [4], it is important
that family caregivers are adequately trained.

Currently, one of the main challenges is to improve the
role of the family caregiver, as there have been negative
reports in the scientific literature regarding the support that
caregivers of people with SCI receive [5]. Some studies
[6, 7] have highlighted the importance of providing infor-
mation and training to quell the fears and uncertainties of
the caregivers. Such efforts allow caregivers to become
more comfortable and to embrace the increased responsi-
bility with the necessary conscientiousness and engage-
ment. When caregivers are introduced to and involved in
the rehabilitation process from an early stage, they can
become more prepared for dealing with the needs of the
injured relative and are able to face the challenges that arise
once the patient is discharged and returns home [8].

As previously shown, high-fidelity clinical simulation, as
a methodology, has been utilized as a learning and training
option for relatives and patients [9, 10]. Simulation-based
learning (SBL) fosters the acquisition of many types of
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practical skills [11], and health professionals trained with
this methodology have shown an increase in knowledge,
skills, and behaviors, although the effects on patients have
been more modest [12]. For this methodology to be effec-
tive, the participants must learn from experience and must
analyze their strengths and weaknesses, and the observa-
tions made by the instructors during the simulation must be
taken in to account as well. Their interactions can result in
constructive feedback, which is the core of the learning
process [13-15].

SBL is used in the professional development of many
health science professional groups because it promotes
training in technical and nontechnical skills and allows
exercises to be repeated as many times as necessary [11].
In addition, the simulation shortens the time needed to
learn these skills [16, 17]. Until now, no previous studies
have been identified where SBL was used by family
caregivers of people with SCI to acquire care skills.
Numerous studies [18-22] have highlighted the impor-
tance of education programs and other efforts to increase
the skills of those who provide daily care for their rela-
tives. However, because of the specificity of SCI, few
studies have investigated the best method to teach care
procedures to family members or caregivers of people
with SCI. A research study on training caregivers of SCI
patients [23] examined training with online videos. In this
study, people with SCI and their caregivers felt they
had gained better information in a more comfortable
way via videos than via training manuals and
conventional tutorials. Likewise, in another study of
caregivers of people with a chronic disease [24], training
videos were perceived as more valuable sources of sup-
port than traditional forms of information delivery, as the
images and sound allowed the participants to recognize
aspects of their own daily lives and because the videos
allowed the participants to control the pace of their
learning.

We posited and tested the hypothesis that patients with
SCI and their caregivers could benefit from this new
learning methodology during the rehabilitation period.
Therefore, the objective of this work was to evaluate the
knowledge, skills, and attitudes acquired by caregivers of
people with SCI after using clinical simulation.

Methods

This study included three phases. Phase 0. Qualitative
research. Detection of training needs of family caregivers of
people with SCI. Phase 1. Design of simulation scenarios
for the training of family caregivers. Phase 2. Quasi-
experimental study. Evaluation of the acquisition of skills of
the caregivers with simulated scenarios.
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Phase 0. Qualitative research

This research is a pilot study based on a previous qualitative
research [25], considered here as the first step or Phase 0, in
which the needs of the family caregivers were determined.
An exploratory qualitative study was performed using semi-
structured interviews with open-ended questions designed
to determine the caregivers’ level of training and the
information they possessed. Once all interviews were
recorded, they were transcribed and assigned an alphanu-
meric code. All of the interviews were then processed using
MAXQDA-12® coding and qualitative analysis software,
and the data were analyzed following Colaizzi’s model [26].

In this phase, the sample was comprised of primary
caregivers of people with SCI and health professionals
specializing in SCI. These caregiver-professional models
were used to determine the gaps and needs in caregiver’s
information and training during the early phases of caring
for people with SCI. The final sample consisted of 25
volunteers (16 caregivers and 7 health professionals who
were experts in SCI).

The study results that focused on the specific skills
required to care for a person with SCI are presented in this
study. The remaining qualitative results regarding the needs,
training/information sources, and the new roles embraced
by the relatives have already been presented in a previous
research article [25].

The subsequent phases (Phases 1 and 2) are discussed in
the present work. In the first phase, clinical simulations
were designed; and in the second (quasi-experimental)
phase, the family caregivers underwent training based on
SBL techniques. These phases are described below.

Phase 1. Design of simulation scenarios

When designing the simulation scenarios, we followed the
recommendations from Maestre et al. [27], and the fol-
lowing stages were carried out: (1) evaluation of the training
needs. This phase was planned based on the interviews of
caregivers conducted during a pilot study [25] and an in-
depth review of the literature. (2) Definition of the specific
learning objectives. (3) Schedule and planning of the sce-
narios. (4) Debriefing. (5) Design of the scenarios according
to the learning skills and goals that were initially defined.

Phase 2. SBL program and evaluation of the
acquired skills

A quasi-experimental study was performed that was com-
prised of an SBL-based skills and caregiving training pro-
gram that took into account the patient’s level of injury and
the learning needs of the family caregiver. This training was
performed at the National Hospital for Paraplegics (NHP), a
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Table 1 Sociodemographic data of the participants

Family caregivers

Person with SCI

Code Gender Socioeconomic status  Previous caregiving experience Gender Injury level*
Wife of individual injured 7 months ago F Medium No M C6 complete
Mother of individual injured 12 months ago  F Medium-high No M C4 incomplete
Wife of individual injured 11 months ago F Medium No M T2 complete
Mother of individual injured 4 months ago F Medium No M T7 complete
Wife of individual injured 9 months ago F Medium No M C5 incomplete
Wife of individual injured 6 months ago F Medium No M C7 complete
Daughter of individual injured 3 months ago F Medium No F T10 complete
Daughter of individual injured 2 months ago F Medium No M C7 incomplete
Wife of individual injured 2 months ago F Medium-low No M C7 incomplete
Wife of individual injured 12 months ago F Medium No M C6 complete

*Injury level refers to neurological level as defined by the International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI)

Spanish reference center for SCI patients, during the months
of June and July 2015.

The clinical simulation training used the high-fidelity
life-size simulator model Sim Man 3G® (Laerdal Medical,
Ltd., Orpington, UK). An expert instructor with over 3
years of experience in clinical simulation was in charge of
the session. A computer application controlled the vital
signs of the model, which could be checked on a multi-
parametric monitor placed next to the patient’s bed.
Because the caregivers were not health professionals, the
level of interpretation and the complexity of the information
shown on the monitor were basic, including parameters
such as oxygen saturation, heart rate, and respiratory fre-
quency, depending on the scenario. The scenarios were
four: upper airway care, neurogenic bladder care, neuro-
genic bowel care, and mobilization and pressure-induced
ulcer (PIU) prevention and treatment. These scenarios were
all conducted with the mannequin, except for mobilization
and PIU, which was conducted with a live actor for more
realism.

During the study period, the NHP provided several
contiguous rooms to use as a simulation room, a debriefing
room, and a space to install the control center and the
instructor’s area. The simulation room was furnished with
the furniture and equipment normally found in NHP’s
rooms, thus recreating all of the details to make the simu-
lation as realistic as possible.

Before performing a scenario, each caregiver was
instructed on the simulation parameters and debriefing
techniques and presented with an introduction of how
each clinical scenario would unfold. The mean duration
of each scenario was 10 min, and the debriefings took
40 min.

All scenarios were performed twice by each caregiver,
once before and once after the clinical simulation training.
The caregivers’ performances were recorded using two

video cameras (one facing the patient and the other placed
obliquely). To ensure an objective evaluation, the videos
were assigned random numbers. The videos were then
evaluated by four experts other than those who designed the
scenarios and the experiments. The experts were chosen by
having a minimum of 3 years of experience in the teaching
of patient care through clinical simulation in a university
setting. Two of the experts were also members of the staff at
the NHP, with extensive experience in the area of care of
patients with SCIL.

These experts evaluated the acquisition of the skills by
the caregivers without knowing whether the video they
were watching was the initial or final performance. Before
the evaluation, in order to ensure that the evaluations
were consistent, the experts were instructed on how to use
the evaluation tool.

To select the participants, a nonprobability sampling
criterion was used; professionals from the NHP helped by
facilitating contact with potential participants. The sample
used in this study was comprised of a total of ten caregivers
(Table 1). Their inclusion was determined by their relatives’
SCI level and the associated care they required. For
example, in order to work on care of the upper airway, it
was necessary to include family members of people with an
upper medullary or cervical lesion, who would have had a
tracheostomy performed on them.

The experts consensually designed four ad hoc evalua-
tion templates for each of the scenarios (see Supplementary
File). Each list organized the learning skills according to the
different interventions and evaluated the skills using a
Likert scale with five response options, with one being not
acquired, and five being completely acquired. For some
interventions that could not be evaluated continuously (i.e.,
those in which the caregiver could or could not perform the
skills), the Likert scale was replaced with a dichotomous
(yes/no) response.

SPRINGER NATURE
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The experts’ evaluations were entered into a Microsoft
Excel® spreadsheet and a database was constructed with the
program SPSS® v21 (Statistical Package for the Social
Sciences, IBM Corp. Released 2012) to process the data.
Different statistical tests were employed to analyze the data:
descriptive statistics (average and standard deviation) were
obtained for the quantitative variables and the frequencies,
and percentages were obtained for the categorical variables.

As most of the outcome measurements did not have a
normal distribution, data for before and after all the inter-
ventions were subjected to bootstrap analysis [28] and were
presented as mean and 95% CI. Statistical significance was
assessed with Student’s ¢ test with a Bonferroni correction
for multiple comparisons.

Also, the size effect was calculated with Cohen’s d in
order to evaluate the magnitude of the effect of the inter-
vention, using values proposed by Ferguson [29], where
0.41 indicated a small effect, 1.15 a medium effect, and
2.70 a large effect.

To estimate the reliability of the evaluation templates, the
interobserver agreement test was applied by calculating the
intraclass correlation coefficient (ICC) [30, 31]. Its value
was interpreted as the percentage of the score variability
that depended solely on the variability among the subjects
tested.

Results
Phase 0

The training needs identified as emergent from the care-
giver’s interviews are shown in Table 2. The information
identified during the qualitative study concurred with some
of the more important complications described in the bib-
liography with respect to the care of people with SCIL.

Phase 1

A list was compiled of all the items considered for the SBL
scenarios, including the skills expected to be acquired.

1. Evaluation of the training needs. The study revealed
several specific issues related to learning needs that
could be adequately addressed with SBL. The
identified areas of knowledge were: handling of the
neurogenic bladder and the neurogenic bowel,
preventing urinary infections, preventing and treating
PIUs, knowing about and detecting the most common
complications that may occur (autonomic dysreflexia,
spasticity, and respiratory infections), managing the
upper airway, and aspirating secretions.

2. Definition of the specific learning objectives. The

SPRINGER NATURE

Table 2 Learning needs detected during the research that could be

addressed with SBL

Neurogenic bladder

Upper airway

- Caring for urinary
catheterization.

- Identifying dysreflexic crisis.

- Addressing urinary
retention.

- Placing the urological bag.

- Caring for the urological
field (infections).

- Providing intermittent
urinary catheterization.

Neurogenic bowel

- Following the constipation
protocol.

- Providing hydration.

- Following the defecation
protocol, laxatives, manual
removal, and enema
application.

- Assisting with intestinal
evacuation.

- Identifying fecal impaction
crisis.

- Learning how to react to oxygen
desaturation.

- Assessing pulse oximetry.

- Managing the airway management
trainer.

+ Operating the respirator.

+ Performing respiratory
physiotherapy.

+ Practicing working with the
tracheostomy.

- Aspirating secretions.

+ Developing a respiratory approach.

- Caring for the respiratory field, i.e.,
knowing what to do when thick
and abundant secretions appear.

+ Changing the tracheostomy tube.

- Using the aspirator for secretions

Mobilizations and PIUs

- Dressing the patient.

+ Transferring the patient.

+ Preventing PIUs.

+ Exercising the patient’s limbs.

+ Learning how to move and seat the
patient.

+ Mobilizing the patient.

+ Understanding the protocol for
mobilizing patients.

+ Providing routine skin surveillance.

- Working with the respirator, the
harness, the lift, and the chair.

- Assisting with postural changes.

+ Caring for the patient’s skin.

objectives were selected according to the needs of the
caregivers, as previously specified in the scientific
literature. These needs were dependent on the type of
lesion of the patient and the care corresponding to the
level of the lesion.

3. Schedule and planning of scenarios. Once the
objectives were established, the specific learning
interventions for each skill were selected, the number
of required hours was estimated, and a schedule was
created so that the caregiver could accomplish the
established objectives.

4. Debriefing. The main issues to be discussed following
the simulation were defined. The participant’s beha-
viors were analyzed, and the main learning objectives
were reflected upon and discussed.

5. Design of the scenarios according to the learning
skills and goals that were initially defined.

The simulation scenarios (Tables 3 and 4) were designed
by taking into account the main need areas identified during
the interviews with the informants that were conducted prior
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Table 3 Skills and actions for each of the scenarios

Skills

Neurogenic bowel scenario

Actions

The caregiver is able to identify the signs of constipation in the patient.

The caregiver knows how to administer enemas.

The caregiver is aware of the complication of autonomic dysreflexia caused by fecal
impaction, identifies the symptoms, and learns to rule out the triggering factors of a

dysreflexia crisis.
Mobilization of patients and prevention of PIUs scenario
The caregiver knows what a PIU is.

The caregiver learns to perform the postural changes.

The caregiver is able to operate the crane to lift and move the patient.

The caregiver identifies the triggering factors for PIUs.

Neurogenic bladder scenario

The caregiver learns to detect signs and symptoms of a urinary tract infection.

The caregiver knows the adequate pattern of bladder fluid intake (depending on

whether the probe is permanent or intermittent).

The caregiver prepares all the required material for the intermittent catheterization.

The caregiver applies the appropriate evacuation techniques for the neurogenic bladder

(sterile intermittent catheterization).

The caregiver is able to evaluate the characteristics of the urine.

Upper airway scenario

The caregiver is able to correctly handle the tracheostomy tube.

The caregiver learns to aspirate secretions, assessing their consistency and other

characteristics.

The caregiver identifies what action to take when a mucous plug is encountered.

Shows the knowledge required to detect signs of
constipation.

Prepares the material for evacuation via rectal probing.
Positions the rectal probe.

Administers enema.

Performs digital rectal examination to check the rectal
ampulla.

Identifies the symptomatology of a dysreflexia crisis.
Determines the triggering causes of a dysreflexia crisis.

Explains what a PIU is.
Performs the postural changes.
Operates the crane for mobilizations.

Verbally describes all measures put in place to
prevent PIUs.

Detects signs and symptoms associated with a urinary
infection.

Indicates the correct pattern of fluid intake.

Prepares the material for a bladder evacuation by
intermittent catheterization.

Performs the intermittent catheterization technique.
Ensures aseptic conditions throughout the procedure

Evaluates the characteristics of urine (quantity, color
and consistency).

Identifies the different parts that make up the
tracheostomy tube.

Prepares the material for the aspiration of secretions.
Performs the suctioning technique.

Evaluates the consistency and other characteristics of
secretions.

Identifies the AMBU and knows how to use it.

to the training they received from the health professionals:
upper airway care, neurogenic bladder care, neurogenic bowel
care, mobilization, and PIU prevention and treatment.

Phase 2

The levels of education of the participants in the second
phase of the study (i.e., the caregivers who participated in
the simulation) were as follows: primary school (30%), high
school graduate (20%), and university education (50%).
The professional occupation of the participants at the time
of the study were as follows: self-employed (10%),
employed at an organization (60%), and unemployed
(30%), although the unemployed participants were engaged
in domestic activities and family care. The mean period

from the time of the relative’s SCI to the initiation of the
study was 7 months; in 50% of the cases, the time between
the SCI and the beginning of the study was 4 months or
less; for 20%, it was between 4 and 8 months; and for 30%,
it was more than 8 months. In terms of the caregivers’
perceptions of their ability to provide assistance to their
relatives, 30% felt capable, while 70% said they were not
able to provide assistance. The sociodemographic char-
acteristics of each primary caregiver who participated in the
second phase of the study are shown in Table 1.

The ICC obtained for the individual scenarios was 0.970
(very good) for the upper airway scenario, 0.975 (very
good) for the neurogenic bladder scenario, 0.940 (very
good) for the neurogenic bowel scenario, and 0.965 (very
good) for the mobilization and PIU scenario.

SPRINGER NATURE
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Table 5 Pre test and post test

results of the interventions for Scenario Action Pre test Post test Bootstrap* Pre
each of the scenarios test—Post test
Mean SD Mean SD Mean 95% CI t P d
Upper airway 1 129 065 300 000 171 157 186 929 0.001 3.51
(n="7) 2 129 049 4.14 069 286 257  3.14 1095 0.001 4.14
3 129 049 357 053 229 200 257 800 00.01 3.02
4 0.14 038 071 049 057 043 071 283 0018 1.06
5 129 049 286 069 157 129 186 7.78 0.001 2.94
Neurogenic bladder 1 125 046 3.63 074 238 2,00 2,63 9.03 0.001 3.19
(n=8) 2 0.13 035 1.00 00 088 063 0,88 7.00 0.001 2.47
3 125 046 475 046 350 3,13 388  13.09 0.001 4.63
4 125 046 438 052 3,13 275 350 1379 0.001 4.87
5 113 035 375 071 2,63 250 275 1435 0.001 5.07
6 113 035 3.63 052 250 225 275 1323 0.001 4.67
Neurogenic bowel 1 1.17 041 350 055 233 217 267 11.07 0.001 4.52
(n=06) 2 1.17 041 417 041 300 267 333 11.62 0.001 475
3 033 052 1.00 000 067 050 067 3.16 0.001 1.29
4 1.17 041 450 041 283 250 283 17.00 0.001 6.94
5 033 052 079 052 033 017 083 158 0.110 0.64
6 117 041 3.17 041 233 217 267 11.07 0.001 4.52
7 133 082 300 063 167 133 18 790 0.001 323
Mobilization and 1 150 1.00 400 082 200 15 25 490 0.001 245
PIU (n=4) 2 200 0.82 400 082 225 225 275 9.00 0.001 45
3 200 141 425 050 225 225 275 9.00 0.001 45
4 200 141 375 096 225 225 275 9.00 0001 45

*Bootstrap results are based on 2000 bootstrap samples

The primary caregivers who participated in this study
acquired most of the competencies covered in the clinical
simulation scenarios. Outcome measures for pre interven-
tion and post intervention are provided in Table 5.

In the upper airway scenario, the caregivers obtained a
higher average score on the post test than the pre test, and
the differences were statistically significant (p <0.001) with
a strong size effect (d>2.70) except for intervention 4. For
this intervention (“evaluate the consistency and other
characteristics of the secretions”), which was a dichotomous
variable, 71% of the participants reported that they knew
how to perform this intervention at the end of the training
phase, as compared with 14% before the training.

In the neurogenic bladder scenario, the caregivers
obtained a higher average score on the post test than on the
pre test, and the differences were statistically significant
(p<0.001) with a strong effect size (d>2.70) except for
intervention 2. For this intervention (“indicate the correct
pattern of liquid ingestion”), which was a dichotomous
variable, 100% of the participants reported knowing how to
perform the intervention at the end of the training, com-
pared with 13% before the training.

For the neurogenic bowel scenario, the caregivers
obtained a higher average score on the post test than on the

pre test, and the differences were statistically significant
(p <0.001), with a strong size effect (d>2.70) except for
interventions 3 (“place in the lateral decubitus position™)
and 5 (“first perform a digital rectal examination”). For
intervention 3 (“place in the lateral decubitus position™),
which was a dichotomous variable, 100% of the participants
reported knowing how to perform this intervention at the
end of training, compared with 33% before training. For
intervention 5 (“first perform a digital rectal examination”),
which was a dichotomous variable, 79% of the participants
reported that they knew how to perform this intervention at
the end of the training, compared with 33% before the
training.

For the mobilization and PIU scenario, the caregivers
obtained a higher average score on the post test than the pre
test, and the difference was statistically significant (p <
0.001) with a strong effect size (d >2.70).

Discussion
The results of our study showed an increase in the care-
givers’ competence levels for almost all of the proposed

interventions. The experts’ analyses before and after the

SPRINGER NATURE
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training showed statistically significant increases in the
aspects evaluated. The caregivers learned technical skills,
such as preparing materials, or the performance of the
technique itself, such as intermittent catheterization or
enema administration, more quickly with SBL. The increase
in the acquisition of manual clinical skills through simula-
tion has been shown in studies [32] involving health pro-
fessionals but not caregivers of people with SCI. Similar to
the results from the present study, a recent systematic
review has underlined that the range of interventions
(including family training, problem-solving training, and
support groups) have been shown to provide benefits for the
family caregiver quality of life [33].

A recent study analyzed the needs of relatives of people
with SCI [8] and found a need for greater caregiver invol-
vement in the rehabilitation and the preparation for hospital
discharge, but the training methods used in that study were
not as effective as the SBL used in the present study. Some
authors [8, 32, 34, 35] have suggested that caregivers
should receive training during the patient’s rehabilitation
period to increase the patient’s quality of life and improve
their adaptation at home.

Some studies have explored the use of SBL for family
caregivers of people with various health problems [9, 10].
Recently, a study evaluated the effectiveness of a SBL
program to train new parents on how to manage fever in
children, comparing this approach to learning through
written material [36]. The development of simulation
scenarios significantly improved knowledge and the
development of fever-management skills. The study
recommended that pediatric services provide simulation-
based education to help parents successfully address fever
at home.

For the acquisition of knowledge (material identifica-
tion, prevention measures, symptom and sign detection,
etc.), the learning gains were less impressive. Perhaps this
difference should be taken into account in future training
programs for informal caregivers of patients with SCI and
other pathologies, and a slightly longer chronogram
should be designed to promote a more gradual learning
curve. Lastly, it should be highlighted that in the inter-
ventions for clinical scenarios that required dexterity, the
caregivers generally did not achieve the maximum level of
competence. Thus, new training proposals that provide
more repetitions and training could be developed, as
expertize is achieved through training over time and the
time it takes to turn an apprentice into an expert is difficult
to estimate [37].

For this study, the development of an evaluation tool was
needed, as a specific tool was required by our research.
There is a tool called the Care Ability Inventory (CAI®),
described by Nkongho [38], which measures the caregivers’
ability to care for people with chronic diseases in terms of
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their knowledge, relevance, and patience. However, this
tool was not specific enough for our objectives and our
sample. First, our caregivers were in an acute phase of grief,
and second, the tool could not be adapted to the teaching
methodology using high-fidelity simulations proposed in
this study.

The results showed that our tool was reliable; according
to the levels of agreement described by Landis and Koch
[39], the interobserver agreement scores obtained were
“good” and “very good” for most of the items evaluated by
the four expert observers. In future research, these inter-
ventions could be adjusted and redefined so that the eva-
luators’ interpretation is even more homogeneous.

Lastly, it should be noted that the participation of an
actor in the mobilization and PIU scenario facilitated
learning, as simulation with standardized patients allows for
a more realistic immersion and achieves higher fidelity. A
study of clinical simulation training in obstetric emergen-
cies [40] compared training using high-fidelity mannequins
versus standardized patients and found that the perception
of security and communication during postpartum hemor-
rhage improved to a significantly greater degree after
training with patient actors than with mannequins. How-
ever, the trainees’ perceptions of their ability to care for a
patient did not show significant differences [40]. In our
study, we only used an actor for a clinical simulation sce-
nario because the other scenarios included demonstrations
of invasive techniques. Contrary to the study by Crofts, we
found a statistically significant improvement in the perfor-
mance of this scenario.

Clinical simulation as a learning methodology is not
intended for supplanting the in situ training caregivers
receive at the hospital; instead, it should be considered as a
complementary approach during the training period. A
complete training system should be planned in which
caregivers first acquire a competence through simulation
and then apply those skills in the caring of their relatives.
This process would increase safety and improve the lear-
ner’s confidence during the training process, thus avoiding
stressful situations for both the primary caregiver and the
patient.

In our study, we observed that during the debriefings,
informal mutual aid groups spontaneously formed, which
allowed peers to share their experiences, concerns, and
fears. In addition, introducing experienced primary care-
givers to the group provided points of reference and
motivated new caregivers into believing that they could
also acquire the skills. Munn-Giddings and McVicar [41],
in their study of self-help groups and caregivers, comment
that these groups create a safe environment for sharing
knowledge and seeking information and advice from
others. Caregivers who attend these groups feel more
confident about their knowledge, skills, and abilities and



Impact of simulation-based learning on family caregivers during the rehabilitation period of...

in their interactions with health professionals, as the group
generates opportunities for them to discuss their personal
situations and to encounter different perspectives on
caring.

The results of this research study could be partially
extrapolated to other individuals with a disability who
require care and for whom a caregiver is indispensable.
Providing training will boost security, prevent complica-
tions, and will most likely result in a better quality of life for
individuals with disabilities and their caregivers.

As the results of our study revealed, the caregivers of
people with SCI successfully acquired the skills needed for
care procedures; therefore, it can be concluded that clinical
simulation is a useful and effective learning tool for
caregivers.

One limitation of our study was the sample size. It was
difficult to gather participants because of their limited
availability and free time and because of the strict inclusion
criteria established to create a homogeneous sample.
However, having a highly controlled sample allowed us to
improve the quality of the research, because the clinical
simulation, unlike other learning systems that can reach a
large number of people, was personalized and adjusted for
small working groups.

Another limitation was related to objectively evaluating
the acquisition of competences using only a few simulation
sessions. Normally, SBL requires repeated practice to
achieve an adequate competence level; however, repeated
practice could produce a bias, as each participant could have
experienced the scenario on multiple occasions. We believe
that providing additional practice would have substantially
overestimated the results of the study.

The use of a questionnaire or a focus group after the
simulation would have been beneficial, or perhaps the
conversations from the posterior debriefings could have
been analyzed. However, this was not done at that time.
This is another limitation that must be noted.

In future research, we plan to establish a continuous
training program with clinical simulation at the NHP to
monitor the learning experiences of caregivers throughout
their entire hospital stay, until the patient with SCI is dis-
charged from the hospital, and compare it with that of a
control group that has not been trained with clinical simu-
lation. Ideally, a real system of continuous assistance to the
patient and training for the caregiver would be created. This
system would start once the lesion has been diagnosed at a
community hospital, and the information would then be sent
to the NHP. Upon the patient’s discharge from the NHP, the
health service from each community would provide a sup-
port system to promote the patient’s adaptation to life out-
side the hospital and would continue with the primary
caregivers’ training from the point they had reached at
the NHP.

Data archiving

The datasets generated and analyzed during the current
study are available from the corresponding author (JLDA)
on reasonable request. However, most of the data generated
or analyzed during this study are included in this published
article [and its Supplementary Information files].
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