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ABSTRACT

Objective: “Deliberate practice” and “feedback” are necessary

for the development of expertise. We explored clinical perfor-

mance in settings where these features are inconsistent or limited,

hypothesizing that even in algorithmic domains of practice,

clinical performance reformulates in ways that may threaten

patient safety, and that experience fails to predict performance.

Methods: Paramedics participated in two recorded simulation

sessions involving airway management, which were analyzed

three ways: first, we identified variations in “decision paths”

by coding the actions of the participants according to an

airway management algorithm. Second, we identified cogni-

tive schemas driving behavior using qualitative descriptive

analysis. Third, clinical performances were evaluated using a

global rating scale, checklist, and time to achieve ventilation;

the relationship between experience and these metrics was

assessed using Pearson’s correlation.

Results: Thirty participants completed a total of 59 simulations.

Mean experience was 7.2 (SD = 5.8) years. We observed highly

variable practice patterns and identified idiosyncratic decision

paths and schemas governing practice. We revealed proble-

matic performance deficiencies related to situation awareness,

decision making, and procedural skills. There was no associa-

tion between experience and clinical performance (Scenario 1:

r = 0.13, p = 0.47; Scenario 2: r = −0.10, p = 0.58), or the

number of errors (Scenario 1: r = .10, p = 0.57; Scenario 2:

r = 0.25, p = 0.17) or the time to achieve ventilation (Scenario 1:

r = 0.53, p = 0.78; Scenario 2: r = 0.27, p = 0.15).

Conclusion: Clinical performance was highly variable when

approaching an algorithmic problem, and procedural and

cognitive errors were not attenuated by provider experience.

These findings suggest reformulations of practice emerge in

settings where feedback and deliberate practice are limited.

RÉSUMÉ

Objectif: La pratique intentionnelle et la rétroaction sont

nécessaires à l’acquisition de connaissances spécialisées.

L’étude visait à examiner le rendement clinique dans des

milieux où la présence de ces deux éléments souffre de

cohérence ou est minime; selon l’hypothèse retenue, le

rendement clinique, même dans des domaines algorithmi-

ques de pratique, se manifeste par des comportements qui

peuvent mettent en danger la sécurité des patients, et

l’expérience n’est pas garante du rendement futur.

Méthode: Des ambulanciers paramédicaux ont participé à

deux séances de simulation enregistrées, portant sur le

rétablissement de la perméabilité des voies respiratoires; ces

séances ont été analysées sous trois angles : premièrement, les

différences de « chemin de décision » ont été relevées par le

codage des actions des participants en fonction d’un algor-

ithme de rétablissement de la perméabilité des voies respir-

atoires; deuxièmement, les schémas cognitifs à l’origine des

comportements ont été jugés à l’aide d’une analyse descriptive

qualitative; troisièmement, le rendement clinique a été évalué à

l’aide d’une échelle globale de notation, d’une liste de

vérification et de la mesure du temps nécessaire pour rétablir

la ventilation; la relation entre l’expérience et ces mesures a été

évaluée à l’aide d’une corrélation de Pearson.

Résultats: Trente participants ont réalisé, au total, 59 simula-

tions, et l’expérience moyenne était de 7,2 (écart type = 5,8)

ans. Les auteurs ont observé des habitudes de pratique très

variables, et ont relevé des « chemins de décision » et des

schèmes de pratique idiosyncrasiques. Des faiblesses impor-

tantes de rendement, liées à la perception de la situation, aux

prises de décisions et aux compétences techniques ont été

notées. Il n’y avait pas de relation entre l’expérience et le

rendement clinique (scénario 1: r = 0,13, p = 0,47; scénario 2:
r = −0,10, p = 0,58) ou le nombre d’erreurs (scénario 1:
r = 0,10, p = 0,57; scénario 2: r = 0,25, p = 0,17) ou le temps

nécessaire pour rétablir la ventilation (scénario 1: r = 0,53,

p = 0,78; scénario 2: r = 0,27, p = 0,15).

Conclusions: Des différences importantes de rendement

clinique ont été notées au regard de problèmes algorithmiques,

et l’expérience des fournisseurs de soins ne compensait pas les

erreurs cognitives ou techniques. Les résultats donnent à penser
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que des changements de pratique se produisent dans des

milieux où il y a peu de rétroaction et de pratique intentionnelle.

Keywords: Emergency Medical Services, Patient Safety,

Airway Management, Education, Simulation

INTRODUCTION

Deliberate practice is widely acknowledged as important
for the development of expertise1 and requires that
learners engage in effortful activities to incrementally
close gaps between current and optimal skill performance
while supported by feedback from expert mentors2,3,
suggesting experience alone is insufficient in developing
expertise. In education settings these supportive features
are readily available; however, after entry to practice,
these features may become inconsistent or limited4-6.

Paramedics practice in settings where important
elements in the development of expertise may be limited.
For instance, there is a high degree of independence,
access to external feedback is limited, expert mentors and
senior clinicians are unavailable and opportunities to
engage in deliberate practice are infrequent. Paramedics
are left to self-assess, a process which may be inherently
limited7, reflecting on their actions with the risk of mis-
takenly re-enforcing poor technical or cognitive strategies
in the absence of clear errors. This creates situations
where practice variations may emerge that satisfy rather
than optimize performance.

We chose to examine this unique phenomenon—
practicing in settings where features supportive of
the development of expertise are limited—using
pre-hospital airway management as an example.
Out-of-hospital airway management by paramedics is
associated with low success rates8-10, high rates of
complications11-15 and, in some cases, poor patient
outcomes16,17. Some have suggested that entry-to-
practice training (e.g., manikin v. cadaver v. live
patient)18-21 and/or skill degradation22-25 might explain
these findings. However, to our knowledge, this issue of
practicing in settings where features that support the
development of expertise are unavailable has not been
considered within the context of this problem.

Our primary research question was therefore: Among a
group of paramedics with similar entry-to-practice
training, what happens to clinical performance in
settings where access to features that support the deve-
lopment of expertise are inconsistent or limited? As a
secondary research question, we also asked: What is the
relationship between experience and clinical performance
among our sample? Based on our conceptual framework,

we predicted that the paramedics’ clinical performances
would vary, and we further hypothesized that experience
would not be a predictor of clinical acumen.

METHODS

Overview

We used a convergent mixed methods study design,
involving both quantitative and qualitative data collec-
tion and analysis.26 We invited paramedics with varying
degrees of experience, both in years of service and place
of employment, to complete two full clinical cases
(involving airway management) in simulation.
This study was conducted at the Centennial College

Inter-professional Simulation Center, located in
Toronto, Ontario, Canada and was approved by the
Centennial College Research Ethics Board (REB #184).

Participant pool and context of practice

In Ontario, Canada, two levels of paramedics provide
pre-hospital emergency care: primary and advanced
care paramedics. Primary Care Paramedics (PCPs)
complete a two-year community college diploma
program and provide basic life support (e.g., cardio-
pulmonary resuscitation (CPR), intravenous access,
“symptom relief” medications). Advanced Care
Paramedics (ACPs) complete a third year of community
college training and provide advanced life support,
including oral and naso-tracheal intubation, supraglot-
tic airway insertion and surgical cricothryroidotomy.
In Ontario, ACP training programs may vary in struc-
ture but are consistent in accreditation requirements27

with respect to content. Specific to airway management,
ACP students learn in progressively complex environ-
ments including simulation-based, clinical (e.g., oper-
ating room) and field settings, with standardized
minimum competency thresholds for each setting.
Upon completion of their training, ACP students are
required to complete a provincial written examination
for certification and undergo additional knowledge and
performance-based testing through their respective
Regional Base Hospital (regulatory bodies responsible
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for paramedic practice and education; n = 7) for
authorization to practice. Once practicing, ACPs
complete 24-hours of classroom and simulation-based
mandatory continuing education per year. In Ontario,
all paramedics practice under a set of provincially
standardized advanced and basic life support patient
care standards thus ensuring a consistent scope of
practice.28,29

Participant recruitment and selection

We used convenience sampling to recruit our partici-
pants.30,31 Eligibility requirements included: (a) practicing
ACPs; and (b) trained at an accredited college in Ontario.
We excluded paramedics who have cross-trained in
another health profession and also paramedics at the
critical care level where context of training and care is
different with respect to airway management. We
distributed invitations to participate in the study via
workplace email. All participants completed a ques-
tionnaire that included basic demographic information
(age, sex, years of experience), annual exposure to airway
management (intubation, supraglottic airway insertion,
cricothyroidotomy) and whether the participant had
completed any specialized airway management courses.
Our intent was to recruit a sample of participants who, as
much as reasonably possible, were similar except for years
of clinical experience.

Simulation cases

We created two scenarios for this study, designed for
their ability to approximate both a very complicated
(Scenario 1) and routine (Scenario 2) airway manage-
ment case. The order of case presentation was
randomized. Both scenarios involved adult patients

(using Laerdal SimMan®) requiring advanced airway
management (e.g., supraglottic airway insertion or
endotracheal intubation), however in Scenario 1,
advanced airway management was scripted to be
unsuccessful (i.e., a “can’t intubate”, “can’t ventilate”
crisis). Both cases were pilot tested by experienced
paramedics with teaching responsibilities at the
advanced care level to ensure content validity. See
Appendix 1 for additional case details.

Procedures

We asked the participants to work through the cases as
they would in real clinical practice. Each case included
two standardized actors that played the role of PCPs to
assist the participants as needed. Both cases were scripted
to continue until effective ventilation was achieved
(a surgical airway for Scenario 1 or successful advanced
airway placement for Scenario 2) or 15 minutes had
elapsed, whichever occurred first. All performances were
recorded using four strategically positioned cameras.

Outcome measures and data analysis

Based on our conceptual framework, we decided a
priori to explore three outcome variables: (1) variation
in the decision paths (i.e., sequence of steps); (2) schemas
(i.e., cognitive frameworks that help organize and process
information) that inform how the cases are managed; and
(3) the relationship between experience (in years) and
clinical performance (see Figure 1).

Decision paths

We defined decision paths as the sequence of steps
taken in managing the case and the alignment (or lack

Figure 1. Study Process Overview.
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thereof) with a criterion standard, in this case, an airway
management algorithm published by Wang et al.32

(see Figure 2). To our knowledge, this is the only
published algorithm specifically intended to guide out-
of-hospital airway management by paramedics. This
algorithm is not taught during ACP training and is not
used in clinical practice in our context and was intended
to be a ‘neutral’ reference point from which to assess
between-participant variation in management decisions.

We modified the algorithm slightly by substituting the
term “advanced airway” for “endotracheal intubation”
since supraglottic airway devices are considered
equivalent in our setting.
Two investigators (JM, SD) used video review to

code and sequence the participants’ management
decisions based on observable behaviors. This required
both researchers to agree on each coded behavior with
a third researcher (WT) providing a final decision if

Figure 2. Algorithm for Prehospital Airway Management by Wang et al, 2005.
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consensus could not be reached. We then mapped a
series of “ideal” pathways through the scenarios using
the algorithm and then qualitatively analyzed the coded
sequences of participant actions by comparing them
with the ideal pathways and with each other for con-
cordance and emerging commonalities, using ordered
letters to indicate participant paths. At times, partici-
pants performed actions that were not part of the
algorithm; these were coded as “X” interventions
(Table 1).

Schema-based behaviors

To explore this cognitive component of practice, each
video was reviewed for observable behaviors that could

suggest schemas that the participants held and applied
when managing the scenarios. Two investigators
(JM, SD) independently recorded hand written memos
while observing the scenarios, intending to capture the
granularity of the participants’ clinical performance.
These notes were analyzed using qualitative descriptive
analysis33,34, a process that involves organizing obser-
vations of events into themes, with JM and SD meeting
regularly during the coding process and resolving
discrepancies through consensus.

Experience as a Predictor
Finally, our conceptual framework also suggests that
experience alone would not predict expertise. To
explore this relationship, we compared experience
practicing at the advanced care level with three markers
of clinical performance: (a) a previously validated
paramedic-specific global rating scale (GRS)35,36, (b) a
task-specific checklist and (c) time to achieve effective
ventilation (defined above). The GRS evaluates clinical
performance across seven dimensions (situation aware-
ness, history gathering, patient assessment, decision
making, resource utilization, communication and
procedural skills) considered representative of para-
medic practice using a 7-point adjectival scale
(i.e., 1 = “unsafe”; 7 = “exceptional”)36 (see Appendix 2).
The task-specific checklist was constructed using
accepted definitions for procedural errors in airway
management drawn from the literature (Table 2). Finally,
time from patient contact until effective ventilation was
measured in minutes and seconds.
Two investigators (JM, SD) with experience using

the GRS evaluated each performance using both the
global rating scale and the checklist. For the first three
participants, the investigators evaluated the perfor-
mances jointly to achieve consensus on performance

Table 2. Procedural error definitions

Code Error Explanation

E1 Esophageal intubation (recognized) Endotracheal tube placed in esophagus but recognized and removed
E2 Esophageal intubation (unrecognized) Endotracheal tube placed in esophagus but not recognized and not removed
E3 More than 3 endotracheal intubation attempts Laryngoscope inserted past the lips more than three times
E4 Failed endotracheal intubation attempt Laryngoscope inserted past the lips in which successful intubation was not achieved
E5 Cardiac arrest Loss of palpable carotid pulse
E6 Apneic event Ventilation not attempted for more than 60 seconds when indicated
E7 Dental injury Injury to dentation caused by laryngoscope blade levering against teeth
E8 Mainstem bronchus intubation Endotracheal tube inserted into the mainstem bronchus (assigned when 25mm

adaptor of endotracheal tube was observed to be at the patient’s lips)

Table 1. Legend for coded behaviors

Code Behavior

X1 Fluid bolus
X2 Leaves esophageal tube in situ (knowingly), inserts 2nd

endotracheal tube
X3 Initiates transcutaneous pacing
X4 Initiates dopamine infusion
X5 Discontinues transcutaneous pacing
X6 Initiates cardiopulmonary resuscitation (CPR)
X7 Discontinues dopamine infusion
X8 Inserts 2nd peripheral IV
X9 Administers naloxone (Narcan)
X10 Administers sodium bicarbonate
X11 Administers atropine sulfate
X12 Performs needle thoracotomy (relieve tension

pneumothorax)
X13 Performs Sellick maneuver (compresses esophagus)
X14 Initiates transportation to hospital
X15 Administers epinephrine (1:10,000 concentration)
X16 Administers chest thrusts (to resolve foreign body airway

obstruction)

Reformulations of practice in paramedicine
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expectations and scoring; all subsequent evaluations
took place independently. Inter-rater reliability was
calculated using the inter-class coefficient for both the
GRS scores (by dimension) and the incidence of errors
(using the checklist). The relationship between parti-
cipant experience (in years) and clinical performance
was assessed using correlation analyses between (a) each
dimension on the GRS; (b) the number of errors
committed by each participant; and (c) and the time to
achieve ventilation. Assuming a conservative correlation
coefficient of 0.45, we required approximately 27 par-
ticipants to obtain 95% confidence intervals of 0.1. We
hypothesized that experience would fail to correlate
with any clinical performance variable.

RESULTS

Thirty ACPs from six paramedic services in southern
Ontario, representing a mix of urban, suburban and
rural contexts with large variation in call volumes
completed a total of 59 simulations. One participant
declined to complete the second scenario for personal
reasons. Twenty-five (83%) participants were male; the
participants had an average of 12.0 (SD = 6.6) years of
experience as paramedics and an average of 7.2 (SD 5.8)
years experience practicing at the advanced care level.
Full demographic characteristics are presented in
Table 3.

Scenario content validity

To check the content validity of our scenarios, we
conducted a number of analyses to assess the difficulty
of the scenarios and whether the scenarios were
perceived to be realistic by the participants. We report

these results in Appendix 3; in brief, Scenario 1 was
more challenging than scenario 2 (as expected) and the
scenarios were felt to convey a high degree of physical,
conceptual and emotional realism.

Decision paths

The participants’ coded behaviors are presented in
Tables 4 (scenario 1) and 5 (scenario 2); we achieved
complete agreement on the coded behaviors between
the researchers with no irreconcilable discrepancies.
Only one participant (during Scenario 2) followed one
of the “ideal” pathways exactly. The participants varied
extensively in the sequencing of steps, interventions
chosen and points at which the scenarios were (or were
not) successfully resolved. In contrast to what should
have been a linear and algorithmic problem to solve, we
observed that no two participants approached the
clinical problem in the same way.

Schema-based behaviors

Our analysis revealed a number of potential schemas
(underlying cognitive processes that appeared to be
driving behavior) that were applied by participants.
We broadly categorized these as relating to situation
awareness, decision making and procedural sills.
Related to situation awareness, we observed that

participants had a tendency to focus in on specific tasks,
often at the expense of an awareness of the underlying
primary problem—a failed airway resulting in critical
hypoxemia. For example, we observed that participants
would attend to the patient’s deteriorating vital signs
(e.g., bradycardia and hypotension), not realizing that
these were symptoms of the airway problem and as a
result, would fail to establish a patent airway. This also
resulted in patient deterioration going undetected.
Regarding decision-making, we also observed

schemas related to decision or care thresholds and
strategies. For example, we observed variability related
to when advanced airway use was considered or
attempted, this was especially true of the threshold at
which the participants would consider a surgical
airway—a decision point usually determined a priori
during training. Also, for many we observed a reversal
of airway management strategies with participants often
attempting more advanced procedures (e.g., intubation)
prior to preparatory or less invasive techniques (e.g., use

Table 3. Participant demographics

Criteria Mean SD

Age 35.2 7.3
Experience (paramedic) 12.0 6.6
Experience (advanced care) 7.2 5.8
Sex (n (%)) Male = 25

(83%)
Female = 5

(17%)
Self-reported intubations per year 6.2 6.6
Self-reported SGA per year 1.4 2.1
Airway management course (n (%)) Yes = 5

(17%)
No = 25
(83%)

SGA = Supraglottic Airway.
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Table 4. Coded actions for Scenario 1

Participant Coded Action

Ideal 1 A B C D E G B C D E G B C D E G H
Ideal 2 A B C D E G B C D E G H
Ideal 3 A B C D E G B I
BH23 A B D E G B D E G D E X1 B D E G B X13 B I
CX37 A B D E G C B D E G B D E G B C E G B I
DW46 A B X1 D X14 E G B D E G B C D E G D E G B E G B D E G B X11 X6
EJ45 A B C X1 B X9 D E G B X11 D E G B X6 X15
EV55 A B C D X1 E G B D E G B X9 X6
FU64 B X14 A D E X1 G B C D G B I
GM67 C X1 B C D E G B E G B D E B E G B E G B E G B E G B X6 D E G
HS82 B A B A X16 B D X1 E G B X14 D E G B A C B D E G X6 B
IO89 A B A D E G B D E G D E G B D E G H
IR91 B A D E G B C D E G E G B X1 D E G X6 B
KP21 A D E G B D E G B E C G H
LO82 A D E G B I
MN43 B A B C D E G B D E G B I
MN54 A B A B D E G B D E G B I
OL65 A B D E G B A E G B D E G B X1 E G B X13 X9 X6
PK76 A B D E G D E G B E G B D E G B X9 I
QJ87 B D E G B X1 D E G D E G B X14 X11 A
RI98 A D E G B X1 X10 E G D B E G B D E G B X3 X14 D E X6
SH19 A B D E G B E G B X1 X11 D E G B X11 X14 B X6
TG20 B A D E G B X9 X1 I
VE48 A B X9 X1 X10 A X11 D E X9 G B X12 X6 X12
WD57 A B A D E G B X14 E G B D E G B X4 X6 X7 X1
XC66 A X1 C B D E G C E G B E G B D E G B X6
YB75 A X1 B X14 D E G X2 E G E G D E X4 G B X3 B X5 X6 X7 X15
ZA84 A D E G E G B D E G B I
UF39 A X1 D E G B E G B A B E G B D E G B
AZ19 A B D E G B E F J
BY28 A B A D E G B D E G B E G B D E G B A B X13 A X6
JQ10 A B D E G B C D E G B X1 C B X9 B X11 X6 X15
GT73 A X1 D E G B E G B D E G B C D E G B X6
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of adjuncts or airway positioning), despite standards of
practice recommending the opposite.

Finally, we observed problematic schemas designed
to mitigate challenges with procedural skills. For
instance, we observed participants failing to follow best
practice guidelines for intubating technique (poor
patient positioning, levering the laryngoscope on the
patient’s teeth, inappropriate equipment selection, etc.).
An illustrative example involved a number of partici-
pants who would knowingly leave an esophageal
endotracheal tube in place and then attempt to insert a
second endotracheal tube (sometimes with a laryngo-
scope, sometimes without), in the (mistaken) belief it
would enter the trachea.

In summary, participants seem to adopt individua-
lized schemas over time that appear to develop through
their clinical practice that in many cases may only satisfy

(and in some ways threaten) rather than optimize
patient care and safety.

Experience as a predictor

Table 6 lists the average GRS scores, number of errors
committed per participant (based on a checklist) and
average time to achieve ventilation for both scenarios.
We achieved excellent inter-observer agreement in the
global rating scale evaluation for the domains con-
sidered particularly important for the study (ICC =
0.89–0.96 for situation awareness, decision making and
procedural skills) and for the number of errors observed
per participant (ICC = 0.89–0.93). We found no cor-
relation between years of experience at the advanced
care level and overall GRS scores (Scenario 1: r = 0.13,
p = 0.47; Scenario 2: r = −0.10, p = 0.58), or the

Table 5. Coded action for Scenario 2

Participant Coded action

Ideal 1 A B C D E F J
Ideal 2 A B C D E G B C D E F J
BH23 B A B D E F J
CX37 A B D E G B D E F J
DW46 A B D E G B C D E F J
EJ45 A B C D E G B D E F J
EV55 A B D E G B D E G B D E G D E F J
FU64 B A D E G B D E F J
GT73 A D E G B E F J
HS82 A B A X17 D E G B E G B X16 B E G B
IO89 A B A D E G D E X8 F J
IR91 A B C D E G D E G B E F J
KP21 A D E G B D E F J
LO82 A B C D E G E G B I
MN43 A B C D E G D E G B E G B D E F J
PK76 A B C D E G B E G X17 B E F J
QJ87 A B D E F J
RI98 A D E G B D E G B D E F J
SH19 A B D C E G B A E G B D E F J
TG20 A B C D E G B D E F J
UF39 A B C D E G B E F J
VE48 A B C D E F J
WD57 A D E G B E G B D B E G B D E F J
XC66 A B D E G B E G B D E G X2 X11 H
YB75 A B D X14 E G B A D E G D E G X4 B X3 X6 B
ZA84 A B A D E G B E F J
AZ19 A B C B D E G C B D E G B D X1 E F J
BY28 A B D E G B D E F J
JQ10 A B D E G D E F J
MN54 A C B D E G B E F J
OL65 B A C D E G B E X1 G E G B E G B D E F J
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average number of errors committed (Scenario 1:
r = 0.10, p = 0.57; Scenario 2: r = 0.25, p = 0.17)
or finally, the time to achieve effective ventilation
(Scenario 1: r = 0.53, p = 0.78; Scenario 2: r = 0.27,
p = 0.15). We repeated the correlation analyses
using Spearman’s correlation and obtained similar
results.

DISCUSSION

Paramedicine allows for practice and the accumulation
of experience, both of which are necessary for profes-
sional development, but lacks other essential features
(i.e., access to feedback, deliberate practice, and
proximal supervision) for the development of expertise.
Our goal in this study was to explore how clinical
experience in scenarios where these features are limited
or inconsistent affects performance. Our results suggest
that even when faced with a highly algorithmic
problem, variations or reformulations of practice can
emerge. While previous work has identified variation
between clinicians37,38, particularly with respect to
guideline adherence39, to our knowledge the concept of
reformulations of practice has not been described.
A search of the education literature revealed no
previous use of the term reformulations of practice.
We propose defining reformulations of practice as
behaviors, schemas, and decision paths that evolve over

time through experience but unpredictably and often
detrimentally. While some variation between providers
would be expected to occur naturally, in an algorithmic
domain of practice like airway management, the amount
of variation we observed was significant. Further,
experience failed to mitigate the effects, collectively sug-
gesting that inherent profession-level structures may be
placing a ceiling on the development of paramedic
expertise. Our study has important implications for the
profession regarding the maintenance of competence.
While there is still debate within the education

community regarding the optimal timing and amount
of feedback40-43, the concept that feedback enhances
learning has been well established44. Feedback can
be intrinsic (i.e., immediate, haptic) or external
(i.e., provided by an expert mentor or coach) and is
intended to identify deficiencies in performance and
prescribe corrective guidance.41,45,46 That we observed
such heterogeneity in performance among a largely
homogenous group of clinicians suggests that feedback
is still occurring but that it is intrinsically—and
internally—derived. This was evidenced in a highly
algorithmic domain, where presumably reformulations
of practice are less likely. This raises concerns for less
technical or more cognitively dependent skills that are
susceptible to the same limitations. The contextual
issues in paramedicine may contribute challenges in
maintaining competence, especially with complex but

Table 6. Clinical performance analysis results

Global rating scale scores*

SA HG PA DM RU CM PS OV

Scenario 1: mean (SD) 3.8 (1.1) 4.6 (1.1) 4.3 (1.3) 4.1 (1.4) 4.8 (1.0) 4.1 (1.3) 3.3 (1.5) 2.0 (0.6)
ICC .93 .68 .53 .93 .85 .73 .87 .92
Experience to score (r) .15 .16 .33 .27 .30 .24 .10 .13

p = .42 p = .37 p = .06 p = .13 p = .10 p = .20 p = .59 p = .47
Scenario 2: mean (SD) 4.9 (2.0) 4.4 (1.6) 5.0 (1.7) 4.6 (1.9) 4.8 (1.5) 5.0 (1.5) 4.3 (1.8) 4.4 (1.8)
ICC .96 .73 .89 .94 .81 .92 .92 .97
Experience to score (r) −.07 −.23 −.31 −.15 .04 .15 −.14 −.10

p = .69 p = .22 p = .09 p = .41 p = .80 p = .40 p = .46 p = .58
Errors

Scenario 1: mean errors /paramedic (SD) 5.9 (2.9) ICC = .93 Experience to errors (r) .10, p = .57
Scenario 2: mean errors /paramedic (SD) 2.7 (2.2) ICC = .89 Experience to errors (r) .25, p = .17

Time to Achieve Ventilation
Scenario 1 (minutes): mean (SD) 12 .0 (0.15) Experience to ventilation time (r) .53, p = .78
Scenario 2 (minutes): mean (SD) 7.0 (3.1) Experience to ventilation time (r) .27, p = .15

ICC = inter-class correlation, SD = standard deviation. SA = situation awareness; HG = history gathering; PA = patient assessment; DM = decision making; RU = resource
utilization; CM = communication; PS = procedural skill; OV = overall score.
*All GRS scores evaluated using 7-point adjectival scale; 1 = “unsafe”, 7 = “exceptional”.
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infrequently used skills. This requires careful con-
sideration to the structuring of practice and learning
opportunities available to paramedics.

Deliberate practice has widely been acknowledged as
a necessary condition for learning and expertise.47,48

It has also been suggested that achieving a level of
proficiency beyond what is initially required for com-
petence (i.e., overlearning) may help to slow the
degradation of skills.4,5,49 Another option includes
promoting and supporting a culture of ongoing, indi-
vidualized simulation-based learning. This provides a
useful platform to maintain low frequency, high com-
plexity skills by allowing for deliberate practice in a
realistic environment while neutralizing concerns over
patient safety.50-53 Finally, another strategy may involve
recording clinical encounters and using the footage to
facilitate educational debriefings after high acuity
cases. This strategy has been used successfully in neo-
natal54 and trauma resuscitations55,56; however, some
logistical issues would need to be resolved for use in
paramedicine. Implementing systems to support the
ongoing competence of paramedics and other health
care providers is a worthy goal for educators and
administrators alike.

For clinicians and the research community, the
results of our study might shed new light on paramedic
airway management. Lack of experience, limited initial
education, and low frequency of use have been
previously suggested as problematic.20-23 We suggest
that even if those issues are resolved, until features
associated with the development of expertise are
addressed, problems may continue to persist.

LIMITATIONS

We acknowledge some limitations in our study. First,
we assume that our participants were homogenous as a
result of similar entry-to-practice training, however,
without the benefit of a more structured longitudinal
study, the possibility of confounding exists. Second,
simulation can only ever serve as a surrogate for reality;
it is possible that the behavior of the participants was
influenced by the simulated nature of the study. Third,
our sample size was limited. This raises the possibility
of a type 2 error; however, this applies only to a
secondary question conducted primarily as a test of our
conceptual framework. Finally, the schemas governing
performance were inferred—other schemas may be
responsible for the behavior we observed.

CONCLUSION

Among a group of paramedics with similar entry-to-
practice and ongoing training, we observed significant
variation between providers and a number of potentially
problematic reformulations of practice. We believe
these variations may emerge as a function of limited
opportunities for feedback and deliberate practice and
suggest that administrators and educators consider the
implications of this study in supporting the ongoing
competence of clinicians performing complex skills.
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