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Simulation-based education provides a safe place for 
student registered nurse anesthetists to practice non-
technical skills before entering the clinical arena. An 
anesthetist’s lack of nontechnical skills contributes to 
adverse patient outcomes. The purpose of this study 
was to determine whether an educational interven-
tion on nontechnical skills could improve the perfor-
mance of nontechnical skills during anesthesia crisis 
simulation with a group of first-year student registered 
nurse anesthetists. Thirty-two first-year students vol-
unteered for this quasi-experimental study. Each sub-
ject was videotaped and rated as he or she performed 
6 simulated crisis scenarios: 3 scenarios before the 
intervention and 3 after the intervention. 

Findings revealed that the nontechnical skills mean 

posttest score was greater than pretest scores: t (df = 31) 
= 1.99, P = .028. The mean gain in scores for standardized 
nontechnical skills were significantly greater than those 
for standardized technical skills: t (df = 30) = 1.81, P = .04. 
In conclusion, a 3-hour educational intervention on 
nontechnical skills resulted in significant improve-
ment. Nontechnical skills therefore are not acquired 
through experience, but rather through instruction. An 
educational intervention using the Anaesthetists’Non-
Technical Skills system is a valuable tool in the mea-
surement of nontechnical skills assessment of first-
year student registered nurse anesthetists.
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S
ince the Institute of Medicine’s 1999 report, 
To Err is Human, research aimed at increas-
ing patient safety has gained attention. One 
way to increase patient safety is to begin 
with better teaching modalities that parallel 

this fast-paced technological era. Important strategies for 
the instruction of student registered nurse anesthetists 
(SRNAs) can extend beyond technical ability and provide 
ways to increase competence, awareness, responsibility, 
and professional duty to encompass an entire climate of 
patient safety. With the creation of national error report-
ing systems, an understanding of the causes of error 
and participation in root cause analysis have provided 
cultural transparency to decrease repeated errors.1 Also, 
techniques for reporting, recording, and discovering root 
cause analysis for errors have improved. These factors 
have increased the consciousness of causal factors that 
lead to human error.2 

Human factors are responsible for 80% of accidents 
across the board in high-risk organizations.3 The adop-
tion of crew resource management (CRM) by hospital 
systems has heightened awareness of human factors that 
influence patient outcomes and the importance of pro-
viding evidence-based research to set the standard for a 
climate of patient safety. Simulation is a technology that 
supplies the repetition needed to acquire the skills neces-
sary to increase patient safety by decreasing human error.

Defining specific simulation for anesthesia educa-

tion has been the focus of major research for the last 
decade.4 Simulation was used initially for task training 
that provided familiarity with equipment and procedural 
practice. Simulation is not limited to task and procedural 
instruction. The use of simulation can be applied to more 
advanced scenarios such as cardiac life support and 
shock.5 Simulation instruction can range from routine 
instruction of sequential anesthesia practice from induc-
tion through emergence to practice dealing with critical 
events. Many low-frequency, high-acuity crisis events 
that are taught didactically may never occur in the train-
ing that anesthesia providers (eg, SRNAs) receive in a real 
patient care area.6 

 Nurse anesthetists work with temporary teams, in 
which operating room professionals may change intra-
operatively or change in the cases that follow. These 
temporary teams include the surgeon, circulating nurse, 
surgical technician, anesthesiologist, and patient. Daily 
assignments force the anesthetists to adapt to operating 
teams that can change case by case. Production pressure, 
assignment changes, and fatigue are additional factors 
that can increase the chance of an adverse incident to 
occur.7 Also patients have specific genotypes that provide 
the catalyst of physiologic changes that are triggered by 
their reaction to the anesthetic.8 This dynamic environ-
ment of the surgical team, anesthesia team, surgical pro-
cedure, and the complexity of the individual patient sets 
the stage for a “Swiss cheese” model for disaster.3 These 
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sequential flaws in operational staff and organizational 
management place the frontline personnel (surgical and 
anesthesia team) as the last line of defense to protect and 
ensure patient safety.2 Therefore, experienced, compe-
tent anesthetists are not free of untoward outcomes. 

Accident analysis of aviation research revealed that 
unsafe flight conditions were frequently related to the 
pilot’s nontechnical skills and not lack of technical 
knowledge.4 Nontechnical skills are “the cognitive, social, 
and personal resource skills that complement technical 
skills, and contribute to safe and efficient task perfor-
mance.”2 Another definition of nontechnical skills in-
cludes the cognitive and social skills and the relationship 
between team members’ skills, group processes, and per-
formance.9 Instruction of CRM was developed to increase 
the use of nontechnical skills to improve critical safety on 
the flight deck.4 The introduction of CRM to healthcare 
has led to many retrospective research studies gathered 
from incident reports. Similar to use of CRM in aviation, 
these investigations revealed outcomes that had resulted 
not from technical error but rather from the practitioner’s 
lack of nontechnical skills.3 Specific taxonomies for non-
technical skills have been developed for anesthesia train-
ing and testing known as Anesthetists’ Non-Technical 
Skills (ANTS). 

Although SRNAs possess many skills in critical care, a 
registered nurse who begins this journey into advanced 
practice faces multiple challenges in the 28-month 
nurse anesthesia program. Nurse anesthesia education 
must include tactics that prepare the registered nurse to 
become a Certified Registered Nurse Anesthetist. The 

adoption of simulation training in both technical skills 
and nontechnical skills is the key to conquering these 
challenges. Simulated scenarios can provide a method 
of instruction for experiencing and practicing anesthesia 
in a safe environment. Recent research has indicated an 
increase in the anesthesiologist’s technical abilities ac-
cording to the level of training during simulation.10 In 
addition, repeated exposure of nontechnical skills has 
increased anesthesia residents’ ability to perform non-
technical skills.9 This research investigated nontechnical 
and technical skills in the same scenarios before and after 
an educational intervention on nontechnical skills.

Materials and Methods
• Research Design. After approval from the institution-
al review board, a quasi-experimental pretest posttest 
design was used in this study to investigate the effect of a 
nontechnical skill instruction on performance of SRNAs’ 
nontechnical and technical skills during crisis simula-
tion. A convenience sample of 33 first-year SRNAs statis-
tically satisfied a reasonable sample to detect the signifi-
cance effect for this study. The volunteers were all from 1 
university in the southeastern United States. However, 1 
SRNA did not participate in the posttest. Each of the sub-
jects was the principal anesthesia provider for each of the 
3 pretest and 3 posttest simulated intraoperative crisis 
events. All scenarios were videotaped in real-time for 7 to 
10 minutes. The pretest and posttest consisted of 3 intra-
operative crisis emergencies from the key action scoring 
system (described in “Measurement of Technical Skills”) 
of the 3 phases of general anesthesia (induction, main-

Simulation  
scenario

Preintervention  
scoring items

Postintervention  
scoring items

Induction emergency Bronchospasm 
_____ Increase inspired oxygen 
_____ Listen to chest 
_____ State diagnosis
_____ Administer β-agonist
_____ Administer epinephrine 
_____ Check vital signs 

Anaphylaxis 
_____ Increase inspired oxygen
_____ Auscultate chest
_____ Check blood pressure
_____ State diagnosis
_____ Stop antibiotic infusion
_____ Administer epinephrine

Maintenance emergency Malignant hyperthermia
_____ State diagnosis
_____ Turn off inhalation agent 
_____ Call for help
_____ Call for malignant hyperthermia cart

Acute hemorrhage
_____  Ask about blood loss or evaluate suction canister
_____ Increase intravenous fluids
_____ State diagnosis
_____  Request a hemoglobin or hematocrit concentration or 

blood product

Emergence emergency Unstable ventricular tachycardia
_____ State diagnosis
_____ Increase inspired oxygen
_____ Deliver shock
_____ Deliver synchronized cardioversion
_____ Give/request antiarrhythmic

Myocardial ischemia
_____ State diagnosis
_____ Administer 100% O2
_____  Titrate narcotic or β-blocker to decrease heart rate
_____ Check or order a 12-lead  ECG
_____  Request nitroglycerin infusion or apply nitroglycerin 

paste

Table 1.  Key Action Checklist
Abbreviations: ECG, electrocardiogram; O2, oxygen.
(Adapted by Linda Wunder from key action checklists in Murray et al10)
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tenance, and emergence) using high-fidelity simulation. 
The pretest and posttest were matched with the number 
of key action items in the induction, maintenance, and 
emergence of anesthesia (Table 1). Participants were 
instructed to speak each of their actions and thoughts 
during each scenario. 

One week following the baseline assessment of the 
pretest, the SRNAs received a 3-hour educational in-
struction of nontechnical skills through a digital slide 
(Microsoft PowerPoint, Microsoft Corp) lecture of the 
ANTS system, described in “Measurement of Technical 
Skills.” A packet of materials about the ANTS rating 
system explaining nontechnical skills was distributed to 
the participants. This instruction featured a vignette of an 
acute care crisis anesthesia scenario, with an explanation 
and rating of the vignette using the ANTS rating system. 
The application of the ANTS rating system was practiced 
by a group session in which the class was divided into 6 
groups, each reviewing and rating 6 different vignettes 
using the ANTS rating system, followed by a group dis-
cussion of their ratings.

Four raters who had at least 5 years of experience as a 
nurse anesthetist and as educators scored the pretest and 
posttest videos. Each rater was instructed on the use of 
the ANTS system and key action scoring system and was 
assigned according to a prescheduled simulation session. 
The raters scored the same student’s pretest and posttest 
from the videos that were stored on separate external 
hard drives labeled rater 1, rater 2, rater 3, and rater 4. 
However, interrater reliability was not established.

Nontechnical skills (ANTS) and technical skills (key 
action) were scored in this study. The technical scores 
served in the design of the scenarios and were not ex-
pected to change from a nontechnical educational inter-
vention. Demographic variables—age in years, gender, 
and years of intensive care unit (ICU) experience—were 
statistically analyzed to compare scored skill results, to 
investigate a possible association between demographic 
variables and nontechnical skills.

• Measurement of Nontechnical Skills. In 2002 at the 
University of Aberdeen, Aberdeen, Scotland, Fletcher et 
al11 described a rating system they developed based on 
identified behavioral markers for the nontechnical skills 
of anesthetists, called ANTS. The evaluation of the ANTS 
system found it to be a sufficiently valid and reliable as-
sessment tool. The internal consistency was measured 
between the elements in each category. A Cronbach α 
ranged from 0.79 to 0.86. The interrater reliability was 
tested on both categorical and element levels, rWG = 
0.55 to 0.67 and rWG = 0.56 to 0.65, respectively. 

The validity and reliability of ANTS was not indepen-
dently established for the current sample. However, the 
same rater scored the same group of SRNAs before and 
after the intervention.

This tool was tested and used from videotaped simu-

lation sessions of SRNAs. The ANTS evaluates the per-
formance of nontechnical skills in anesthesia practice. 
There are 4 nontechnical skill categories—situational 
awareness, decision making, teamwork, and task man-
agement—and 15 elements in the ANTS rating system 
(Table 2).12 These terms are defined as follows: 

Situational awareness is defined as a dynamic construct of 
the perception of the environment, maintenance, and out-
comes that reflect critical task and performance of events.2

Decision making is “the process of reaching a judg-
ment or choosing an option, sometimes called a course of 
action, to meet the needs of a given situation.”2

Teamwork is the involvement of people with different 
areas of expertise who effectively communicate and func-
tion together to accomplish a given task.2 

Task management is one’s ability to coordinate, direct, 
assess, organize, and motivate that provides team engage-
ment to accomplish a common goal.2

The ANTS system in this study was scored at the cat-
egorical level. A 4-point scoring system (1-4) was used, 
with 1 indicating poor and 4 indicating good (minimum 
score of 1 and maximum score of 16 for the 4 categories). 
If an element was not observed, it was documented “not 
observed” (see Table 2).

• Measurement of Technical Skills. The key action 
scoring system was designed by Murray et al13 to evalu-
ate the performance of the technical ability of anesthesia 
providers during anesthesia crisis scenarios. These events 
were designed and used in a simulated scenario to evalu-
ate anesthesiology residents’ ability to rapidly diagnosis 
and treat a crisis event. The scores are computed from 1 
to 6 key actions. If the task was completed in the allot-
ted time, the participant received credit; if it was not, the 
participant received zero for that task. 

The key action crisis scenarios in this study occurred 

Table 2.  Anesthetists’ Non-Technical Skills 
(Adapted by Linda Wunder from Flin et al12)

Categories Elements

1. Task management Planning and preparing 
 Prioritizing 
 Providing and maintaining standards 
 Identifying and utilizing resources

2. Teamwork Coordinating activities with team 
 Exchanging information 
 Assessing capabilities 
 Supporting others

3. Situational awareness Gathering information 
 Recognizing and understanding 
 Anticipating

4. Decision making Identifying options 
  Balancing risks and selecting 

options 
Reevaluating
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during 3 phases of anesthesia: induction, maintenance, 
and emergence. The posttest was paired with the same 
number of key actions in the pretest according to each 
phase of anesthesia. The pretest consisted of the crisis 
scenarios of induction bronchospasm, maintenance of 
malignant hyperthermia, and emergence with unstable 
ventricular tachycardia. The posttest crisis scenarios were 
induction anaphylaxis, maintenance hemorrhage, and 
emergence with acute myocardial infarction (see Table 1).

• Research Hypotheses. The hypotheses were as 
follows: The mean posttest score for nontechnical skills 
will be greater than the mean pretest scores for non-
technical skills, the student’s gender will affect posttest 
scores, and critical care experience will have a positive 
correlation in posttest scores. 

Results
Complete data were collected from 32 (97%) of the 33 
first-year SRNAs who volunteered and met the inclusion 
criteria. At the time of the study, all subjects had partici-
pated in simulation-based educational activities for 2 prior 
semesters. Each subject participated as the principal anes-
thesia provider for the 3 pretest simulated intraoperative 
crisis scenarios and the 3 posttest scenarios. All sessions 
were videorecorded and rated by 4 independent raters. 

• Descriptive Statistics. Women made up 56.3% of 
the sample. The mean age of participants was 32.8 years 
(standard deviation [SD] = 6.9 years), with ages ranging 
from 24 to 54 years. On average, participants worked as 
a critical care registered nurse for less than 5 years (mean 
= 4.55 years, SD = 3.01 years); critical care experience 
ranged from 1.5 to 13 years (Figure 1). The demographic 
data for gender and years of experience are similar to the 
typical SRNA from a 2010 study that used a stratified 
sample size of 696 that represented 50% of the SRNAs in 
the United States.14 

• Findings for the Hypotheses. A 1-tailed, paired-sam-
ples t test was conducted to evaluate the hypothesis that 
mean posttest scores for nontechnical skills scores will 
be greater than mean pretest nontechnical skills scores. 
The test for nontechnical skills scores was significant: t 
(df = 31) = 1.99, P = .028. Mean scores on the posttest 
(13.3, SD = 1.73) were higher than the mean scores on 
the pretest (12.7, SD = 2.12), as shown in Figure 2. The 
standardized difference in means, d = 0.28, indicated a 
small effect size. The η2 index indicated that 2% of the 
variance in scored nontechnical skills was attributed to 
the educational intervention. Technical scores also were 
addressed and, as expected, did not change because of 
the intervention. 

Discussion
Technological growth and medical advancements 
produce many challenges for nurse anesthesia educators. 
It is essential to incorporate and provide instruction to 
SRNAs about the latest advances in anesthesia in order to 
produce up-to-date and high-quality anesthesia provid-
ers. Simulation-based education is a tool that provides 
speed to instruction, evaluation, and reflection of the 
new instructional information facing the nurse anesthe-
sia profession.

Simulation-based education is useful in the evalu-
ation of SRNA acquisition of knowledge and skills. 
Nontechnical skills and task performance can be prac-
ticed first in the simulation laboratory before being tried 
on a real patient. Simulation-based education is essential 
not only for instruction but also for evaluation of SRNAs’ 
performance of technical and/or nontechnical skills. 

Patient safety is the foremost element to consider 
when constructing a nurse anesthesia curriculum. Lack 
of nontechnical skills is often the cause of human error. 
Attention must be redirected to the instruction and 
evaluation of nontechnical skills because the failure to 
educate and evaluate nontechnical performance will 
jeopardize patient care. 

Figure 1.  Years of Critical Care Experience

Figure 2.  Pre- and Posttest Scores Using Anesthetists’ 
Non-Technical Skills (ANTS) System
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In this study, one 3-hour lecture of nontechnical in-
struction produced significantly improved results in post-
test scores of nontechnical skills t (df = 31) = 1.99, P = 
.028. Other research, by Yee et al,9 supports this finding; 
in their study, repeated exposure to nontechnical skills 
from the first to second exposure and the first to third 
exposure showed significant improvement in nontechni-
cal skills using the ANTS system (both P < .005). The 
findings of the current study support future research to 
motivate and implement nontechnical skill instruction 
throughout the nurse anesthesia curriculum. This will 
enhance student knowledge through repeated instruction 
of nontechnical skills to ensure a climate of patient safety.

In this author’s comparison of nontechnical and tech-
nical mean gain in scores, the mean gain in score for non-
technical skills from pretest to posttest was greater than 
the mean gain in score for technical skills from pretest to 
posttest: t (df = 30) = 1.81, P = .04. Even though technical 
skills were not part of the intervention, this researcher 
did expect some increase in posttest scores due to matu-
ration; however, maturation effect was not applicable to 
this study because there were not significant results in a 
greater mean in posttest technical scores. 

A 2005 study by Murray et al10 used the key action 
scoring system to measure the performance of SRNAs and 
2 levels of anesthesiology residents. There was a significant 
difference between senior residents’, junior residents’, and 
SRNAs’ performance of technical skills during simulation 
(P < .05). There was no difference between the junior 
residents and the SRNAs. This study suggests that experi-
ence in technical skills yields higher results. Furthermore, 
only a single exposure 1 month apart was not sufficient 
to increase scores of technical ability using the key action 
scoring system. In the current study, the goal was the 
impact of the educational intervention on nontechnical 
skills; technical skill intervention was not included. 

All demographic hypotheses were rejected. Gender, 
age, and years of ICU experience did not affect ANTS 
posttest scores. All the SRNAs in this study equally 
benefited from the nontechnical skills instruction. This 
study suggests that nontechnical skills are neither innate 
nor occur with time. Specific instruction is needed in 
nontechnical skills with repeated exposure to acquire the 
ability needed to safely care for and protect the patient to 
fullest extent.

Limitations of the current study include a lack of inter-
rater reliability testing and student familiarity. However, 
the same rater scored the same group of SRNAs before 
and after the intervention.

Conclusion
This investigation contributes to the education of SRNAs 
at all levels. From the novice to the expert, the ability 
to educate and evaluate the performance of nontechni-
cal skills heightens the awareness, contribution, and 

acquisition of nontechnical skills as a crucial element in 
patient safety. This, in turn, can propagate the necessity 
of funding in the area of nontechnical skill instruction.

 All nurse anesthetists face a continuous influx of new 
procedural practices and technologies throughout their 
anesthesia career. Simulation is a technology that can 
help nurse anesthetists to adapt to their changing envi-
ronment. Simulation, which allows the student to first 
practice and be evaluated, provides the vehicle for nurse 
anesthetists to adapt and accomplish these new chal-
lenges. The evaluation and instruction of nontechnical 
skills for nurse anesthesia education is beneficial for all 
levels of anesthesia practice. The inclusion of nontechni-
cal skills in simulation-based education can establish a 
basis from which SRNAs and nurse anesthetists can grow 
in this area of nontechnical skills. This study provides a 
new lens for evaluating simulation performance of non-
technical skills for nurse anesthesia practice. 

Nontechnical skills instruction and evaluation in nurse 
anesthesia curriculum will provide a pedagogical means 
for future research. The investigation of taxonomies for 
behavioral markers of the nurse anesthetist’s nontech-
nical skills will launch an epic moment for research of 
nontechnical skills. Multiple applications and investiga-
tions throughout the nurse anesthesia profession can be 
initiated from the results of this study. Therefore, the 
propagation of nurse anesthesia research in nontechnical 
skills will be conducive for nurse anesthesia programs to 
provide the necessary formal instruction of nontechni-
cal skills, which is presently the missing link to enhance 
patient safety in this field.

Simulation-based education needs to include techni-
cal and nontechnical skills instruction to ensure patient 
safety. From entry level to advanced practice, nontechni-
cal simulation education is needed to continue academic 
progression. Exposure to and instruction on nontech-
nical skills is a necessary means for nurse anesthetists 
to collaborate effectively with other healthcare profes-
sionals. Finally, a team infrastructure among healthcare 
professionals and policy initiatives can be tested and 
evaluated with utilization of a simulation-based educa-
tion platform for nontechnical skills.
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