High and low fidelity simulation for clinical skill in paramedic
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ABSTRACT
OBJECTIVE

To investigate and compare the effectiveness of high-fidelity simulation and low fidelity simulation.

METHODS

34 second-year paramedic students were randomly divided into eight groups: 17 students to the four
experimental groups and the other 17 to the four control groups. Each group was assigned four scenarios of
emergency from the same lecturer and the same instructor. The experimental groups received a high-fidelity
simulator, a more advanced manikin that mimicked body mechanisms including pulse rates, a respiratory
system, and a beating heart. They also had video-assisted instructor-facilitated debriefing. Meanwhile, the
control groups received an evaluation during the training and then instructor-facilitated debriefing. Both
experimental and control groups received their operation evaluation using a primary survey.

RESULTS

Thirtyfour paramedic students participated in the study (low fidelity, n=16; high fidelity, n=18). There was a
significant improvement in posttest practice scores in assessment of the airway, disability and exposure.
However, there was no statistically significant difference in score between low fidelity and high fidelity
simulation sessions. Student opinions indicated that the experiential simulator sessions were more satisfying.

CONCLUSION

Both low fidelity and high fidelity simulation of faculty- facilitated educational offer a valuable learning
experience. Future research is needed that address the long term effects of experiential learning in retention of
knowledge and acquisition skills.
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INTRODUCTION

Fidelity simulation training for paramedic students
has had an increasingly important role for more
than 20 years intending to develop their clinical
skills to be effective for urgent situation with a
limitation of training time and to give them
relevant advice.'2 Fidelity simulation training is
employed to instruct various medical practices
including clinical examination, illness diagnoses,
medical treatment procedures, and medical
equipment use so students can perform those
practices properly.3 Advancement of hardware and
software, simulation has become more realistic.
Manikins used in a simulation have life-like body
mechanisms such as pulse, respiratory system, and
functioning pupils. They also have a basic ability to
communicate. These sophisticated manikins are
called high fidelity simulators. Meanwhile, the less
sophisticated manikins with limited simulated
body mechanisms are called low fidelity simulators.
When the latter is used, training is required to be
evaluated with other criteria. Theoretically, the
more realistic the simulation is, the better the
learning outcome. However, it is found in various
studies that gained knowledge and skills from high
fidelity are not significantly different from that of
low fidelity simulators.>7 However, most of the
information is exclusively from the western
countries while the evidence is relatively scarce in
the resource- limited setting. The objective of this
study was to compare the effectiveness of clinical
learning outcome, self-confidence and satisfaction
between the low fidelity simulation vs high fidelity
simulation.

METHODS

STUDY DESIGN AND OVERSIGHT

This study employed quasi-experimental design
with non-randomized intervention-control posttest
only design to compare the results from the group
trained with high fidelity simulation and the other
group trained with low fidelity simulation. Both
groups were given debriefing after the simulations.
The low fidelity simulation took place in the skill
lab, the faculty of Medicine, Mahasarakham
University, Thailand and the high-fidelity
simulation took place in the simulation unit, the
faculty of nursing, Mahasarakham University,
Thailand. The study period was from June 1, 2020
through July 31, 2020. The study was approved by
the ethics committee of Mahasarakham University.

PARTICIPANTS

The participants were 34 second-year paramedic
students of the academic year 2019 of
Mahasarakham University, Thailand. They were
divided into four groups regarding the students'
preference. In each of these four groups; it was
later divided into two small groups with a matched
pretest score. At this stage, we had 8 small groups
with 4-5 students per small group. These 8 small
groups were assigned using block randomization
with a block size of 2 to either high and low fidelity
groups using.

PROCEDURES

All students were lectured regarding history taking
and physical examination for 8 weeks at the Faculty
of Medicine, Mahasarakham University. Later, they
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Table 1. Primary survey score

Primary survey group score

Total pretest score

Median

IQR

Range

Posttest score

Airway
Median
IQR
Range

Breathing
Median
IQR
Range

Circulation
Median
IQR
Range

Disability
Median
IQR

Range

Low fidelity (4 groups)

27.3
27.3-27.4

27.3-27.4

7.5
6.5-8.5

6.0-10.0

8.0
6.5-9.5

6.0-8.0

13.5
13.0-14.5

13.0-15.0

6.5

4.5-8.5

4.0-10.0

High fidelity (4 groups)

27.5

27.2-27.6

27.0-27.7

8.0

4.0-10.0

2.0-10.0

7.5

6.5-9.0

7.0-10.0

13.5

10.0-17.5

10.0-18.0

9.5

8.5-10.0

8.0-10.0

P-value

0.69

0.88

>0.99

>0.99

0.14



Table 1. Continue

Primary survey group score

Exposure
Median 2.50
IQR 2.0-3.0
Range 2.0-3.0
Total
Median 38.0
IQR 33.5-41.5
Range 32.0-42.0

were subjected to pretests using 40 multiple-
choice questions. Then the instructor demonstrated
how to do a primary survey in an emergency
patient and allowed the students to do a return
demonstration and a group practice for another
week. The members of each subgroup were
practiced by assigning the role to be the first-order
as a paramedic or head of the group, the second-
order as an advanced emergency medical
technician (EMT), the third-order as a basic EMT and
the fourth-order as an emergency medical rescuer.
If there were the fifth-orders in some groups, they
were assigned as a driver. A week later, the low
fidelity group was practiced as a posttest with
random clinical encounters of emergency
conditions consisting of the cardiovascular
problem, respiratory problem, gastrointestinal
problem, and neurovascular problem (Figure 1).
The students in the high fidelity group were
allowed to observe their peers. In the last week, the

Low fidelity (4 groups)

High fidelity (4 groups) P-value

0.32
3.0
3.0-3.5
3.0-4.0
0.01
39.0
34.5-45.0

31.0-50.0

high fidelity groups practiced as a post-tested with
random clinical encounters for the same various
emergency conditions with a different diagnosis.
The students in the low fidelity groups were also
allowed to observe.

For each clinical encounter, it comprised,
first, 10-minute-long pre-briefing by the same
instructor that gave the students details of fidelity
simulation and instructions and let them
familiarize with the tools such as emergency
medical kit and the manikin; second, a 20-minute-
long practice session with the instructor giving
simulated scenarios and evaluating the students’
clinical skills, third, a 20-minute-long session for
debriefing by the instructor team.

SIMULATIONS
Each group of the students was given a 30-minute-
long session. In the low fidelity group, the
instructor indicated the clinical symptoms such as



pale, dyspnea, restless, tachycardia, cyanosis to
recognize any illness. Meanwhile, the training of
the high fidelity group was conducted in the high-
fidelity simulation, the manikin with life-like body
mechanisms such as functioning pupils, a
respiratory rate, a blood pressure, a pulse rate, and
EKG monitor that could be assessed. The same
instructor provided simulated scenarios of
emergency which had been presented using a
computer-based. In both groups, a deterioration in
the condition of the patient changed according to
how well the students gave medical care in an
emergency. The high-fidelity simulation was also
being recorded on video from the beginning to the
end of the session for reviewing during the
debriefing.

DEBRIEFING

The debriefing was done in every group after
finishing the clinical encounter session, the same
instructor encouraged students to reflect their
performance by exploring the process of
simulation, the outcome achieved, and the
application of the scenario to clinical practice with
non judgemental feedback by welcoming all
comments and correcting the misunderstanding.
However, video-assisted instructor-facilitated
debriefing using the recorded video was done only
in the high fidelity group.

OUTCOME MEASURES
The three measures in the present study included
outcome-based clinical skills, self-confidence, and
student satisfaction. The clinical skills were
assessed by a practical scenario simulated
assessment using the non-trauma primary survey.8
The scores were given regarding group (group
score) using a 26-question with a three-point

global rating scale, the high score showed the
appropriate assessment and decision making
consisting of lists for assessment and management
of airway, breathing, circulation, disability, and
exposure (ABCDE). After being provided with call-
out information by the instructor, participants
entered a room carrying a standardized
medical kit to find a manikin awaiting diagnosis,
stabilization, and to be made ready for transport.
Score 0 meant undo or wrong which requires
development; score 1 meant incomplete or
required supervision’ and score 2 meant complete
or competent. The total score then could be ranged
from 0 to 52.

To measure participants' level of
confidence and satisfaction level, we adopted the
checklist of the students' self-confidence and
satisfaction using the National League for Nursing.
910 To measure the students' confidence, we used
8-item questions with a four-point Likert scale while
the students' satisfaction was measured using 5-
item questions with the same four-point Likert
scale; very satisfied, satisfied, unsatisfied, and very
unsatisfied. The instrument has a high reliability
with a Cronbach's alpha of 0.90 for the presence of
features and 0.96 for its importance." Its content
validity was scored by the expert opinions of the
three instructors yielding 0.86, 1, and 1. The
students' confidence and satisfaction was
determined to be structurally valid.12

STATISTICAL ANALYSIS

The present study was using the Mann-Whitney U
test for non-normally distributed continuous data
and the chi-square test for categorical data. The
clinical assessment scores, the level of confidence
and the participants' satisfaction from the low and
high-fidelity simulation were analysed.



Table 2. Self-confidence rating scale

1 am confident that

I am mastering the content of the
simulation activity that my
instructors presented to me.

This simulation covered critical
content necessary for the mastery of
paramedic curriculum.

I am developing the skills and
obtaining the required knowledge
from this simulation to perform
necessary tasks in a scene

My instructors used helpful
resources to teach the simulation.

Itis my responsibility as the student
to learn what | need to know from
this simulation activity.

I know how to get help when | do
not understand the concepts
covered in the simulation.

I know how to use simulation
activities to leam critical aspects of
these skills.

Itis the instructor's responsibility to
tell me what | need to learn of the
simulation activity content during
class time.

Strongly
disagree

Low fidelity (N=16)

Disagree  Agree
9(56) 7(44)
7(44) 9(56)
8(50) 7(44)
7(44) 6(38)

0 13(82)
6(38) 8(50)
3(19) 9(56)
4(25) 10(62)

Strongly  Strongly
agree disagree
no. (%)
0 0
0 0
1(6) 1(5)
3(18) 0
3(18) 0
2(12) 0
4(25) 0
2(13) 0

High fidelity (N=18)

Disagree Agree
3(17) 12 (66)
3(17) 12 (66)

1(5) 12(67)

1(5) 11(61)

0 12(67)
4(22) 8(44)
0 9(50)
1(5) 8(44)

Strongly
agree

3(17)

3(17)

4(23)

6(34)

6(33)

6(33)

9(50)

9(50)

P Value

0.03

0.09

0.02

0.03

0.34

0.32

0.09

0.04



RESULTS

Thirty-four second-year paramedic students
participated in the present study. Most of them
were female. The pretest scores between the two
groups were similar (P=0.69). For the posttest
score, there were also no significant differences
between the two groups concerning all process of
the primary survey; airway (P=0.88), breathing
(P>0.99), circulation (P>0.99), disability (P=0.14),
exposure (P=0.32). The total posttest score of the
high fidelity group, however, was significantly
higher than that of the low fidelity group (P=0.01)
(Table. 1).

From Table 2, we found that the high
fidelity group tended to have higher confidence
compared with that of the low fidelity group in
relation to class mastery (P<0.05); knowledge to
perform necessary task (P<0.05); helpful resources
(P<0.05) and get what need to learn from
simulation activity (P<0.05).

For Table 3, we also found that the high
fidelity group tended to have higher satisfaction
compared with that of the low fidelity group in
relation to effective teaching method (P<0.005);
variety of learning materials and activities
(P<0.005); motivated and helpful materials to
learn (P<0.005) and suitable to their way of
learning (P<0.005).

DISCUSSION

SUMMARY

The thirty-four second year students who received
the lecture and then pretest before the primary
survey practice using the low fidelity compared to

the high fidelity simulation did not show a
significant difference in pretest score and also the
clinical assessment score in each process of primary
survey. However, in the high fidelity group, they felt
more confidence in group relation to class mastery,
knowledge to perform necessary tasks, helpful
resources, and have got what they need to learn
from simulation activity. In the self-satisfaction
outcome, there were found that the students were
more satisfied in groups of high fidelity in relation
to effective teaching methods, variety of learning
materials and activities, motivated materials to
learn and suitable to their way of learning.

COMPARISON WITH OTHER STUDIES

The result indicated that the clinical assessment
outcome of the group practice with the higher
fidelity was not significantly different to the low
fidelity group practice when focus each step from A
to E in the primary survey. It was the result same as
many studies 416 which indicated that no
difference in knowledge at course conclusion or no
difference in skill performance. It may be due to the
fact that the fidelity plays an important role in the
choice of an appropriate simulation for a specific
task, while the clinical assessment outcomes
depend on the type of task and learner's level. The
comparisons made between high and low fidelity
simulations mainly investigated the educational
impact. The psychometric advantages and
disadvantages were evidently not elaborated."?

The high fidelity group practice tended to
have higher confidence than the low fidelity group.
The use of high-fidelity allows learners to engage
physically with the simulated patient, assess
physical findings, make clinical decisions, and can



Table 3. Student-satisfaction rating scale

Item of satisfaction

The teaching methods used in
this simulation were helpful and
effective.

The simulation provided me
with a variety of learning
materials and activities to
promote my leamning of the
medical surgical curriculum.

I enjoyed how my instructor
taught the simulation.

The teaching materials used in
this simulation were motivating
and helped me to learn.

Itis my responsibility as the
student to learn what | need to
know from this simulation
activity.

I know how to get help when | do
not understand the concepts
covered in the simulation.

I know how to use simulation
activities to lear critical aspects
of these skills.

Itis the instructor's responsibility
to tell me what I need to learn of
the simulation activity content
during class time.

Low fidelity (N=16)

Very
unsatisfied

0 2(12)
0 4(24)
0 2(12)
0 3(18)
0 0

0 6(38)
0 3(19)
0 4(25)

Unsatisfied  Satisfied

10(62)

6(38)

5(31)

10(62)

13(82)

8(50)

9(56)

10(62)

Very

High fidelity (N=18)

Very

satisfied  unsatisfied

no. (%)

4(26)

6(38)

9(57)

3(20)

3(18)

2(12)

4(25)

2(13)

0 0
0 0
0 0
0 0
0 0
0 4(22)
0 0
0 1(5)

Unsatisfied  Satisfied

3(17)

4(22)

12(67)

Very
satisfied

15(83)

17(95)

16(89)

14(78)

6(33)

6(33)

9(50)

9(50)

Value

0.002

0.002

0.08

0.002

0.34

0.32

0.09

0.04



increase realism of interactions with other
healthcare professionals in team-based that closely
clinical practice'8, therefore the confidence in
domain; mastering content, developing skill,
helpful resources were higher compare to the low
fidelity using basic manikin and then response the
abnormality of signs and symptoms by instructor
only.

Higher fidelity group practice tended to
have more satisfaction than low fidelity group
practice, this finding deviates from a study
conducted by Zulkosky'? who were found that the
different degree of complexity in the methods of
high fidelity may have influenced the students’
perceptions and the students seemed to prefer

learning strategies that they were accustomed to.20

STRENGTH AND LIMITATION

In the present study, we used the self- confidence
and self-satisfaction with high reliability; the
Cronbach's alpha of 0.90 for the presence of
features and 0.96 for its importance. However it
was a subjective rating scale and may have a
different rate from another examiner therefore the
overall self-confidence and overall self-satisfaction
should be asked to finalize the total score.

Each item of self-confidence not meaning
confidence in skill, because of the fidelity
simulations is regarding the environment and
context of learning and application. Therefore, the
self- confidences in clinical assessment skills were
not clearly described.

The high fidelity practice after the
observation of Low fidelity group practice may
affect better clinical outcome and self-confidence.
In the present study may bias the findings because
the training was carried out on the low fidelity prior

with allocation of students to observe then the next
week was practice with the high fidelity group,
therefore it may bias more confidence when
practice after complete observation in the low
fidelity group.

All participants were second-year
paramedic students but have good experience on
multiple tasks and complication tasks to improve
decision making. As an essential part of
professional development and education, the
students were trained under safe conditions in
order to practice in complex situations, as
manifested by clinical practice?! Meanwhile, the
mean score of satisfactions in high fidelity were
significantly higher compared to low fidelity due to
the video-assisted instructor-facilitated debriefing
in high fidelity simulation is more reassurance of
intentions and essential to create a safe emotional
environment that is conducive to learning.

CONCLUSION AND IMPLICATION

The findings support the fact that from the clinical
assessment outcome, simulation methods using
low to high fidelity could be used in paramedic
education at second year- level. However, the level
of fidelity should be appropriate to the type of task
and training stage. A novice can achieve similar or
higher skills transfer with a simple simulator,
than with a complex training aid such as a
simulated environment. In the future study, the
balancing fidelity and breadth of sampling as this
will affect reliability, validity, educational impact,
feasibility, and acceptability of the assessment
method. Concerning the impact of high fidelity
manikins, we need to define the best means of
structuring  debriefing to facilitate meaningful
learning that will impact students’ performance.



1. AL Garden, D.M. Le. Fevre, H.L
Waddington, J.M. Weller. Debriefing after
simulation-based non-technical skill training
in healthcare: a systematic review of effective
practice. Anesh Intensive Care 2015;
48:300-7.

2. Tracy Levette Jones, Samuel Lapkin. A
systematic review of the effectiveness of
simulation debriefing in health professional
education. Nurse Education Today 2014; 34:
58-63.

3. Elena Tader. Clinical simulations for
learning medical skills: a work-based
approach to simulators. Procedia- Social and
Behavioral Sciences 2015; 197: 2443-48.

4. Michael Green, Rayhan Tarig, and Parmis
Green. Improving Patient Safety through
Simulation Training in Anesthesiology:
Where Are We?. Anesthesiology Research
and Practice 2016: 1-12.

5. Christina Massoth, Hendrik Ohlenburg,
and Michael Hessler. High-fidelity is not
superior to low-fidelity simulation but leads
to overconfidence in medical students. BMC
Medical Education 2019: 2-8.

6. Fadi Munshi, Hani Lababidi, Sawsan
Alyousef. Low- versus high-fidelity
simulations in teaching and assessing
clinical skills. Journal of Taibah University
Medical Sciences 2015;10: 12-15.

7. A. Cheng, A. Lockey, F. Bhaniji, Y. Lin, E. A.
Hunt, and E. Lang. The use of high-fidelity
manikins for advanced life support training-
a systematic review and meta-analysis.
Resuscitation 2015; 93: 142-9.

8. TJ. Olgers, R.S. Dijkstra, AM. Drost- de
Klerck, J.C. ter Maaten. The ABCDE primary
assessment in the emergency department in
medically ill patients: an observational pilot
study. The Netherland Journal of Medicine
2017;75:106-12.

9. Jefferies PR. A framework for designing,
implementing, and evaluating simulation
used as teaching Strategies in nursing.
NursEducPerspect 2005; 26: 96-103.

10. Karen A. Zapko, Mary Lou Gemma,
Ferranto Rachel Blasiman and Debra
Shelestak. Evaluating best educational
practices, student satisfaction, and self-
confidence in simulation: A descriptive study.
Nurse Education Today 2018; 60: 28-34.

11. Rebecca D. Wilson, Mayo Clinic Hospital,
Phoenix, Arizona James D. Klein. Design,
implementation and Evaluation of a Nursing
Simulation: A Design and Development
Research Study. The Journal of Applied
Instructional Design 2012; 2: 57-68.

12. V. Unver, T. Basak, P. Watts, V. Gaioso, J.
Moss, S. Tastan, N. Tosun. The reliability and
validity of three questionnaires: the “Student
Satisfaction and Self-Confidence in Learning
Scale", "Simulation

Design Scale” and “Educational Practices
Questionnaire”. Contemp. Nurse 2017; 53:
60-74.

13. G. Sherwood, J. Barnsteiner. Quality and
Safety in Nursing: A Competency Approach
to Improving Outcomes. Journal of Nursing
Regulation 2012: 227-50.

REFERENCES

14. Coolen EHAJ, Draaisma JMT, Hogeveen
M, Antonius TAJ, Lommen CML, Loeffen JL.
Effectiveness of high fidelity video-assisted
real-time simulation: a comparison of three
training methods for acute pediatric
emergencies. IntJ Pediatr 2012; 1-8.

15. Curran V, Fleet L, White S, et al. A
randomized controlled study of manikin
simulator fidelity on neonatal resuscitation
program learning outcomes. Adv Health Sci
EducTheory Pract 2015;20:205-18.

16. King JM, Reising DL. Teaching advanced
cardiac life support protocols: the
effectiveness of static versus high-fidelity
simulation. Nurse Educ 2011; 36: 62-5.

17. Fadi Munshi, Hani Lababidi, and Sawsan
alyousef. Low- versus high-fidelity
simulations in teaching and assessing
clinical skills. Journal of Taibah University
Medical sciences 2011;10: 12-15.

18. Cook DA, Hatala R, Brydges R, et al.
Technology enhanced simulation for health
professions education: a systematic review
and meta-analysis. JAMA 2011; 3306: 978-
88

19. Zulkosky, K.D. Simulation use in the
classroom: impact on knowledge acquisition,
satisfaction, and self-confidence. Clinical
Simulation in Nursing 2012; 8: 25-33.

20. Randi Tosterud, Birgitta Hedelin, Marie
Louise Hall-Lord. Nursing students’
perceptions of high- and low-fidelity
simulation used as learning methods. Nurse
education in practice 2011; 13:262-270.




