
Introduction
Patient safety has always been a topic of paramount
importance in the clinical practice. However, despite best
efforts in creating a culture for patient safety, 'medical
errors' have always plagued the healthcare systems.

In a 1991 Harvard research, which is the benchmark study
on medical practice, Brennan et al. reported that medical
management-related adverse effects occurred in around
3.7% of all hospital admissions.1 These findings were
supported by another report, which concluded that
medical errors led to at least 44,000 deaths in the United
States annually during the study period.2 Similar numbers
have been cited worldwide including New Zealand,3
Australia4 and Canada,5 Although studies on medical
errors in Saudi Arabia are scarce,6-9 comparable or even
higher statistics are expected due to reasons such as
language barrier and cultural peculiarities.

In response to those studies medical curricula started to
stress more on the importance of clinical competency
rather than mere knowledge acquisition.10 However, the
question of how to practise the clinical skills still remains
an issue; on the one hand was the ideology of 'practice
makes perfect', whereas on the other hand was the
patient safety concerns.

This demand-and-supply dilemma led to the era of
simulation in clinical practice.11 Simulation, simply put, is
a "technique to replace or amplify real-patient
experiences with guided experiences, artificially
contrived that evokes or replicates substantial aspects of
the real world in a fully interactive manner."12 In its
essence it is not a new concept; it has been used since
long in various fields such as aviation, military and
industry. However, its widespread formal application in
medicine is only a recent development.13

Despite being in its early stages of evolution, several
studies have already shown that simulation has had a
significant positive impact on clinical learning.14 However,
until now the use and efficacy of simulation in
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individualised clinical fields, for example paediatrics, still
remains an area of research and needs further
development. A recent study suggested that paediatric
acute care providers have limited exposure to critically ill
patients and subsequently lack the skills to manage
them.15 This is especially true for the junior trainees, who
lack even further in exposure and experience.2,11,12,14,16,17
Simulation has the potential to fill this technical void. The
current study was planned to examine the immediate
effects of a paediatric simulation course to paediatric
residents at different levels of training. We planned to
measure and compare the levels of reported confidence
before and after learning the skills; compare the level of
expertise of selected skills before and after learning the
skills; and to measure the feasibility and impact of using
small-group approach while practising on simulators.

We hypothesised that a structured simulation-based
training workshop in procedural skills for paediatric
residents should increase the level of confidence and
expertise in performing the clinical procedures.

Subjects and Methods 
This study was conducted at Clinical Simulation Centre,
Alfaisal University, Riyadh, Saudi Arabia, from March to
June 2016, and comprised junior residents in paediatrics.
It was conducted in collaboration with Paediatric
Residency Programme under the Department of
Paediatrics at King Faisal Specialist Hospital and Research
Centre-Riyadh (KFSH&RC) to match the curriculum
requirements set by the Saudi Commission for Health
Specialties (SCHS).  KFSH&RC is a tertiary care centre and a
teaching hospital in paediatrics. It is one of the few
hospitals in Saudi Arabia that admit children with
complex health issues. Therefore, many of the patients
admitted are complicated cases that often require specific
clinical procedures being carried out on them. The study
was approved by the institutional Committee for Medical
and Bioethics.

The current training course was developed to train junior
paediatrics residents about different clinical procedures
and techniques required under different clinical
scenarios. All junior residents in paediatrics from
KFSH&RC were enrolled. All of them were from junior
training level, including year-1 and year-2. The course was
conducted in two sessions, scheduled one week apart,
offering a total of eight skills as given below. During the
first session, the residents were trained in four techniques,
namely: 1) lumbar puncture and cerebrospinal fluid (CSF)
interpretation, 2) oral intubation, 3) bone marrow
aspiration, and 4) critical airway management. During the
second session, conducted a week later, they were trained

for the remaining 4 techniques: 1) chest tube insertion, 2)
pleural tap, 3) insertion of central venous pressure line,
and 4) arthrocentesis. The residents were divided into 4
groups. The skills were set in a series of 4 stations. Each
group was assigned to start at a given station and rotate
to the remaining stations in sequence, spending a
uniformly fixed time period. All the residents were
exposed to all the techniques at the stations and had
ample time to practise the technique at the respective
station, where the technique was demonstrated and then
supervised by a consultant paediatrician/clinical skills
team member. For each skill/task, a structured checklist
was prepared and provided to all trainees for
standardised training.

The residents were assessed by two methods. Firstly, by
using a standardised survey that was designed to explore
the reflection (confidence) of the residents in carrying out
the tasks and procedures they were trained on before and
immediately after the course. The survey was written in a
narrative manner, depicting relevant clinical situations
which would require the skills in the selected set of
procedures. The answers were collected on a 5-point
Likert scale. However, the classical strongly-disagree-to-
strongly-agree scale were replaced with 5 statements of
practical steps that the resident may opt to do in these
clinical situations, while each statement translates to an
increasing level of confidence, where "1" denoting being
"least confident in carrying out the given procedure, and
"5" being fully confident to do so. Face validity of the
questionnaire was obtained by discussing among
researchers, in-house educationists and clinical
consultants.

The second method of assessment was by performing an
objective structured clinical examination (OSCE). For the
OSCE, first-year residents, being naïve to the skill, were
examined in which they were asked to perform a task
prior to attending the simulation course (pre-OSCE). Two
stations were selected: intubation (for day-1 sessions) and
arthrocentesis (for day-2 sessions). A week after the
completion of the course, another OSCE (post-OSCE) was
conducted. Thus, each first-year resident had a pre- and
post-simulation course score. Standardised, peer-
reviewed checklists were prepared for all stations by the
consultant paediatricians.

The data was analysed using SPSS 20. Mean ± standard
deviation (SD) was used for quantitative variables, and
frequency and percentage were used for qualitative
variables. Cronbach's alpha and factor analysis of the
survey was carried out. Wilcoxon signed-rank test was
used to compare pre- and post-course agreement levels
(subject to normality of the data). Paired samples t-test
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was used to examine the change between pre- and post-
course OSCE scores. Conventional common theme
analysis approach was used to explore open-ended
answers. P<0.05 was considered significant.

Results
Of the 16 participants, 8(50%) were boys and 8(50%) girls.
There were 4(25%) participants in each group. Moreover,
13(81%) residents were in year-1 and 3(19%) in year-2.
Also, 13(81%) participants had no prior exposure to the
selected skills. An attempt was made to get subjective
input and feedback regarding the skills which were
important according to the participants as well as barriers,
if any, encountered in their learning. The majority of
participants agreed that the skills were relevant to their
residency programme as follows: airway management
15(93.8%), lumbar puncture 14(87.5%), intubation
14(87.5%), bone marrow aspiration 10(62.5%), chest tube
insertion 10(62.5%), pleural tap 10(62.5%), central line
insertion 11(68.8%) and arthrocentesis 9(56.3%).

The participants also pointed out some barriers

towards mastering those skills as follows: lack of
simulation training sessions 11(68.8%), time constraint
7(43.8%), limited exposure 5(31.3%), and limited
supervision 1(6.3%).

All the participants said they were motivated by the
course to learn the selected set of skills, whereas
15(93.8%) said the course met their expectations.

The median post-course confidence level ranks for
lumbar puncture (median=3.00), intubation
(median=4.00), bone marrow aspiration (median=2.50),
chest tube insertion (median= 3.00), pleural tap
(median=3.00), central line insertion (median=3.00), and
arthrocentesis (median=3.00) were significantly higher
than the median post-course confidence level ranks for
the same skills (lumbar puncture (median=5.00),
intubation (median=5.00), bone marrow aspiration
(median=4.00), chest tube insertion (median= 4.00),
pleural tap (median=4.00), central line insertion
(median=4.00 ), and arthrocentesis (median=4.00).
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Table-1: Difference in confidence level and OSCE scores among course participants before and after the course.

(a). Signed Rank Test to determine change in the confidence levels after learning the skills
Skills                                                                          Temporal Relationship                              Median (Inter-Quartile Range)                                            Z                                                       p-value

Lumbar Puncture                                                                   Pre-course                                                                 3  (2.00-3.00)                                                           -3.455                                                     0.001
                                                                                                    Post-course                                                                5  (4.00-5.00)                                                                                                                                  
Intubation                                                                                Pre-course                                                                 4  (4.00-5.00)                                                           -2.324                                                      0.02
                                                                                                    Post-course                                                                5  (4.25-5.00)                                                                                                                                  
Bone Marrow Aspiration                                                     Pre-course                                                               2.5  (2.00-3.00)                                                         -3.225                                                     0.001
                                                                                                    Post-course                                                                4  (4.00-5.00)                                                                                                                                  
Critical Airway Management                                             Pre-course                                                                 3  (1.25-4.00)                                                           -0.639                                                     0.523
                                                                                                    Post-course                                                                3  (3.00-5.00)                                                                                                                                  
Chest Tube Insertion                                                             Pre-course                                                                 3  (2.00-3.00)                                                           -3.542                                                   <0.001
                                                                                                    Post-course                                                                4  (4.00-4.00)                                                                                                                                  
Pleural Tap                                                                               Pre-course                                                                 3  (1.00-3.75)                                                           -2.961                                                     0.003
                                                                                                    Post-course                                                                4  (4.00-4.00)                                                                                                                                  
Central Line Insertion                                                           Pre-course                                                                 3  (1.00-3.00)                                                           -3.267                                                     0.001
                                                                                                    Post-course                                                                4  (4.00-4.00)                                                                                                                                  
Arthrocentesis                                                                        Pre-course                                                                 3  (2.00-3.00)                                                           -3.473                                                     0.001
                                                                                                    Post-course                                                                4  (4.00-4.00)                                                                                                                                  

(b). OSCE Scores: N= 13 (only R1 residents). Pre- / Post- OSCE Results analysis using Paired-Samples T Test*
OSCE scores                                                            Temporal Relationship                                                  Mean ± S.D                  Min - Max               Average Improvement                95% CI

Intubation                                                                                Pre-course                                                                  2.31 ± 2.66                         0 - 9                                      20.23**                           [17.62, 22.84]
                                                                                                    Post-course                                                                22.54 ± 4.39                      11 - 27                                                                                            
Arthrocentesis                                                                        Pre-course                                                                  7.46 ± 3.02                        4 - 14                                     24.38**                           [20.27, 28.49]
                                                                                                    Post-course                                                                  31.85 ± 6.9                       16 - 40                                                                                            

OSCE: Objective structured clinical examination
SD: Standard deviation
CI: Confidence interval
*Data was tested and found normally distributed as determined through Shapiro-Wilk and Kolmogorov-Smirnov tests (p value higher than 0.05)
**p < 0.001.



However, no significant difference was found between
pre- and post-course confidence level ranks for critical
airway management (Table-1, Figure).

The survey questionnaire was tested for internal

consistency through measurement of Cronbach's alpha.
The alpha value was 0.73, thus "acceptable". We
checked for the redundancy of the variables in the
questionnaire and appropriateness for factor analysis
by conducting principle component analysis through
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Table-2: Qualitative responses from the course participants.

Theme                                                                                                                    Responses: N (%)                                                 Examples of Comments

The most liked aspects about the workshop …
Hands-on practice                                                                                                           7 (43.8%)                                                           "Practicing the procedures immediately after the theoretical part"
                                                                                                                                                                                                                            "More time to practice"
Organisation                                                                                                                     2 (12.5%)                                                           "Every station was so organised"
                                                                                                                                                                                                                            "The effort is appreciable"
All aspects                                                                                                                         2 (12.5%)                                                           "Everything"
Introduction of new techniques                                                                                  1 (6.3%)                                                            "Teach new subjects and techniques"
The most beneficial sessions …
All sessions                                                                                                                        6 (37.5%)                                                           "All of them" 
Arthrocentesis                                                                                                                  5 (31.3%)                                                           "Arthrocentesis was well explained"
Intubation                                                                                                                           4 (25%)                                                             "Intubation"
                                                                                                                                                                                                                            "LP, Arthrocentesis and Intubation"
Lumbar Puncture                                                                                                            2 (12.5%)                                                           "LP, Intubation, Arthrocentesis"
Reason for taking the course …
General Skill development                                                                                           5 (31.3%)                                                           "To improve my clinical skills" 
For a specific skill                                                                                                              1 (6.3%)                                                            "Central line under GA"
Mandatory                                                                                                                         1 (6.3%)                                                            "We were not asked!"

GA: General anaesthesia.

Figure: Median Confidence levels of the participants before and after the course. 



Bartlett's test of sphericity and Kaiser-Meyer-Olkin
(KMO) test. Bartlett's test of sphericity was significant
(p=0.001) suggesting that original correlation matrix
was not an identity matrix. Although KMO statistic was
0.3 (<0.5, most likely due to small sample size), factor
analysis yielded a typical screen plot. Thus, the
redundancy of the variables was ruled out.

To have more realistic evaluations of the course, year-1
residents were administered an OSCE before and after
the training, which showed significantly improved
expertise in the relevant skills. Since the sample size was
less than 30, the data was checked for normality; it was
found that the data did not violate normal distribution
(p<0.05). The improvement was given in terms of
improved point score while performing the task, judged
through a peer-reviewed checklist.

The qualitative responses were analysed using the
conventional common theme analysis approach. The
qualitative responses were divided under three
subheadings, namely, (a) most liked aspects of the
workshop, (b) most beneficial sessions in the course,
and (c) reasons for taking the course. It was found that
7(43.8%) participants liked hands-on practice, 6(37.5%)
said all sessions were beneficial and 5(31.3%) identified
general skill development as a reason for taking the
course (Table-2). 

Discussion
In this pilot study, we reported our experience in
conducting a paediatrics simulation course among
residents. This course was designed as per the
guidelines set by the scientific committee for Paediatric
Residency Programme as laid down by the Saudi
Commission for Health Specialties (SCHS). We found
that the simulation-based approach used in this course
was an effective method of learning to train residents
who would otherwise have limited access to training on
actual patients due to various factors discussed below.
Among the residents who completed the course, there
was an improved ability to execute the clinical skills,
and increased confidence of residents in the
performance of assigned skills.

According to our literature search, this study is first of
its kind in the region. This is important to note that this
region differs from other geographical regions in
several key factors, such as being highly dependent on
more traditional, tutor-oriented approach to medical
education where an individual trainee would get
potentially less hands-on experience. This implies that a
majority of clinicians could acquire relevant clinical
skills only in late residency or during fellowships. The

same was also pointed out in the feedback about
barriers by the course participants in our study.

SCHS, which is the governing body for medical training
in Saudi Arabia, now strongly recommends to include
simulation sessions in order to improve the skills of
clinical residents. Thus our study allows testing the new
guidelines set by the SCHS, which were designed to
evaluate and encourage the systematic use of
simulation in postgraduate training programmes.

The study of Falck et al. of 449 residents determined
that none of their resident groups met their specified
definition of technical competence when performing
neonatal endotracheal intubations. They concluded
that as opportunities to perform the skill become more
limited, new methods of developing technical
competency should be established.16

The value of using simulators in the field of clinical skills
training cannot be undermined. A study led by Leone et
al.17 that examined 5,051 successful neonatal
intubations at a single academic centre determined
that the median success rate for the procedure among
level 1, 2, and 3 residents, and neonatal fellows were
33%, 40%, 40% and 68%, respectively. They further
concluded that the poor success rate among junior
residents was due to inadequate opportunities to
perform the skill at their centre.

It is possible that clinical skill simulation may prove to
be an appropriate means of attaining clinical skill
competence in the presence of limited live training
opportunities. Grantcharov et al. found that surgeons
who've received virtual reality surgical simulation
showed significantly greater performance in the
operating room than surgeons who had not.14
Simulation can also lead to statistically significant
increases in both confidence and competence.18

Since the study aimed to test the efficacy of the
paediatric training course on residents, this could be
best evaluated on residents who have had minimal or
no previous exposure to the clinical skills being tested.
Hence, all participants in our study were junior (year 1
and year 2) paediatric residents. 

The results of the study showed a significant increase in
the confidence of the course participants to perform
particular clinical skills. The most significant increase in
confidence was reported in the ability to perform
lumbar puncture, intubation, bone marrow aspiration,
chest tube insertion, pleural tap, central line insertion
and arthrocentesis. However, there was no increase in
confidence in performing critical airway management,
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despite that the pre-OSCE confidence level matches the
median pre-OSCE confidence levels noted for the other
skills preformed in this study. Even though only further
studies can explore this, it may be due to relative lack of
time and opportunity to fully grasp the skill, given the
complexity of this particular skill. Finally, the study also
showed that the majority of residents reported the
course met their expectations, and they were highly
satisfied.

The schedule constraints allowed only two clinical skills
to be assessed in the pre- and post-OSCE, namely
intubation and arthrocentesis. In the intubation station,
student performance showed an average increase of
20.23 points out of a 28-point checklist, as well as an
increase of 24.38 points out of a 44-point checklist on
the arthrocentesis station. These results show that the
course not only improved the junior residents' ability to
perform a clinical skill, presumably, it also improved
their ability to take a holistic approach when
encountering a real patient. Such approach includes a
proper introduction, preparation of materials,
preparing the patient for the procedure, taking
appropriate precautions, performing the skill, eliciting
and reporting findings, and appropriately ending the
encounter. However, the notion needs to be validated
with further studies.

Several factors were suggested by the course
participants as limitations to their ability to acquire and
practise clinical skills in the hospital. Among the biggest
barriers encountered were limited opportunity to
practice in real-life situation, lack of simulators or an
organised simulation centre as well as absence of
structured simulation-based programme during
residency to practise and gain confidence in a skill.

We must acknowledge some factors which limit the
generalisation of this study. As discussed earlier, the
intended focus of this study was junior paediatric
residents, which limited our ability to interpret the
relevance of our results across all levels of training and
across other disciplines.

Furthermore, we found it to be particularly challenging
to recruit residents for this study during their busy
training. In the absence of previous research to indicate
the potential and feasibility of a study such as ours, it
was challenging to convince programme directors to
participate in the study and allow their residents to
dedicate time from their work-hours.

Given the results of this pilot study, we are encouraged
to further expand it to include a larger sample size,

wider variety of clinical skills in the pre-and post-OSCE,
as well as include a long-term follow-up. This follow-up
could include an assessment of the junior residents'
retention of the skills learned during the course over a
given period of time, their confidence in performing the
skill in the long term, and the assessment of the
relevance of taught skills in their actual clinical practice.

To develop the skills of residents, we strongly
recommend that a simulation centre within the training
hospital should be established, along with a structured
simulation-based programme.

One limitation of the study was its small sample size;
however, it should be appreciated that all available
paediatric residents were included as the study
population. 

Conclusion
Simulation course was significantly successful in
improving residents' clinical skills as well as confidence
in performing critical tasks. The residents felt satisfied
with the course.
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