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ABSTRACT 

Background: Military and civilian first-responders must be able to recognize and effectively manage casualties that 
necessitate immediate application of critical clinical competencies. Two examples of these critical competencies are 
the clinical management of injuries resulting from nerve agents and difficult intubation, especially for pediatric or 
neonatal patients. The opportunity to learn and practice the necessary skills for these rare, but urgent, situations is 
complicated by the limited ability to replicate essential situational factors that influence performance in the applied 
clinical environment. Simulation-based training may resolve some of these challenges, however it is imperative that 
evidence be captured to document the achievement of performance competencies in the training environment that 
transfer to applied clinical care. The purpose of this study was to establish psychometric characteristics for 
competency assessment instruments associated with two such critical competencies: management of cholinergic 
crisis and pediatric-neonatal intubation. Methods: To inform the development of assessment instruments, we 
conducted comprehensive task analyses across each performance domain (knowledge, performance). Expert review 
confirmed content validity. Construct validity was established using the instruments to differentiate between the 
performance abilities of practitioners with variable experience (novice through expert). Purposively selected first-
responder subjects for pediatric-neonatal intubation (N=214) and cholinergic crisis management (N=123) were 
stratified by level of experience performing the requisite clinical competencies. All subjects completed knowledge 
and performance assessments. Reliability was established using test-retest (Pearson correlation) and internal 
consistency (Cronbach’s alpha) for knowledge and performance assessments. Results: Significantly higher scores 
for subjects with greater levels of experience, compared to those with less experience established construct validity 
for each assessment instrument (p < .01). Significant correlations between test-retest outcomes indicated 
measurement reliability p < .01. Cronbach’s alpha for knowledge and performance scores demonstrated excellent 
internal consistency. Conclusions: Psychometric evidence establishes the value of assessment for identifying and 
remedying critical competency performance gaps. 
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INTRODUCTION 

The increased burden of global conflict and the war on terrorism has correspondingly increased the necessity for 
both military and civilian medical personnel to rapidly and effectively respond to mass disasters and crises-related 
injuries (Brennan, Waeckerle, Sharp, & Lillibridge, 1999; Cannard, 2006; Kadivar & Adams, 1991; Khan, Morse, & 
Lillibridge, 2000; Macilwain, 1993; Morita et al., 1995; Murray, 2006; Ohbu et al., 1997; Okumura et al., 1996; 
Rodgers, 1998; Sidell, 1997; Waeckerle, 2000). Clinicians who respond to crises must be able to provide the highest 
level of care to their patients, however the opportunities for contextually relevant training are limited. The relatively 
rare occurrence of these situations coupled with the ethical responsibility to provide timely and accurate care to 
patients in crisis makes it difficult to use the applied clinical environment for training. The result is that it is 
extremely difficult for medical personnel to acquire and maintain the skills they need to competently perform in 
these situations. 

To address this challenge, simulation-based training methods are sometimes used as a proxy for clinical contexts; 
the assumption being that knowledge and skills gained using high fidelity simulation will transfer to applied 
performance on humans. There is both empirical and theoretical support for this reasoning. Experiential learning 
theory supports the premise that it is an individual's processing of stimuli from the environment and the resulting 
cognitive structures that produce adaptive behavior, rather than the stimuli themselves (Bruner, 1990; Dewey, 
1933/1998; Harnad, 1982; Vygotsky, 1978). Other factors, such as situational variables, emotions, and 
consequences, all play an important role in the production of overt, adaptive behavior and these factors are typically 
absent from traditional learning environments that rely purely on intellectual discourse (Doyle, 1997). The theory is 
that through direct engagement in a contextually relevant environment, learners will create mental representations 
such as attitudes, mental models, scripts, and schemas that correspondingly transform related behaviors. 

This theoretical framework serves all clinical training programs well, but particularly crisis and emergency medical 
training. Training that focuses solely on knowledge components misses the vital mastery of associated skills and 
affective elements that are required of trainees in these contexts. Especially in a mass casualty environment, 
cognitive dissonance resulting from affective overload can interfere in the application of knowledge and skills (Arad 
et al., 1993; Berkenstadt, Arad, Nahtomi, & Atsmon, 1999; Fine & Kobrick, 1987; Hendler et al., 2000; Humara, 
1999; King & Frelin, 1984; Mandler, 1979; Smith & Nye, 1989; Smolander, Louhevaara, & Korhonen, 1985; 
VanGemmert & VanGalen, 1997). Cognitive dissonance refers to the psychological effects that occur when an 
individual perceives a logical inconsistency among his/her cognitions and needs to accommodate new information in 
order to reconcile current beliefs and reality. In a disaster situation, the environment and scale of the crisis situation 
may be unlike anything the clinician has experienced or trained for, and that contradiction could lead to dissonance 
that manifests as anxiety, anger, stress and other negative emotions that adversely affect performance. Therefore, 
training associated with the development of crises and mass disaster abilities is frequently conducted using 
contextually relevant factors as part of the training environment (e.g. mock disaster drills), to achieve performance 
mastery that is less susceptible to stressor-related dissonance (Andreatta et al., 2010; Dandoy & Goldstein, 1990; 
Filner, 2009; Inzana, Driskell, Salas, & Johnston, 1996). 

Knowledge-based evidence and self-reported affirmations from both trainees and trainers suggest that although these 
instructional methods are perceived to be effective for learning how to manage clinical crises, this evidence omits 
contextually-based performance assessment (Murray, 2006). Simulation-based training may resolve some of these 
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challenges, however it is imperative that evidence be captured to document achievement of performance 
competencies in the training environment that transfer to applied clinical care. The use of simulated patient 
mannequins for cardiopulmonary resuscitation training is likely the most documented application of simulation-
based methods in clinical education, and there is substantial evidence to support their training benefits in those 
contexts (Andreatta, Saxton, Thompson, & Annich, 2010; Campbell, Barozzino, Farrugia, & Sgro, 2009; Eppich, 
Adler, & McGaghie, 2006; Falck, Escobedo, Baillargeon, Villard, & Hall, 2003; Halamek et al., 2000; Hall et al, 
2005; Mayo, Hackney, Mueck, Ribaudo, & Schneider, 2004; Overly, Sudikoff, & Shapiro, 2007; Vadodaria, 
Gandhi, & McIndoe, 2004). Although simulation technology has impressive capabilities and great potential for 
clinical training, at present it largely remains unverified for high-stakes clinical applications such as responding to a 
mass casualty or other crisis situation. 

Medical education has historically relied on intangible measures of clinical performance and at present, there is little 
scientific evidence to unequivocally assert effectiveness of clinical training. The lack of accepted standards of 
performance and measurement for most clinical processes and procedures is a substantial obstacle to evaluating 
training outcomes. A benefit of simulation is that it provides a consistent platform to support the development of 
quantitative metrics that will facilitate the establishment of performance standards (Andreatta & Gruppen, 2009). 
Valid data are critical for any substantive scientific inquiry and there are well-established methods for developing 
the metrics to capture relevant data (American Psychological Association, 1999). Although the validation process 
for confirming metrics associated with clinical performance of a targeted task or procedure is time consuming and 
resource intensive, it is nonetheless mandatory for the accurate assessment and evaluation of any construct. Without 
valid metrics, any examination of training effectiveness remains qualitative conjecture. 

This presents a challenge for training military and civilian medical personnel to be able to recognize and effectively 
manage casualties during crisis situations, where timely and competent clinical performance is essential, but 
evidence of competency is undefined and unmeasured. Two examples of these critical competencies are the clinical 
management of injuries resulting from nerve agents (cholinergic crisis) and difficult intubation, especially for 
pediatric or neonatal patients. Nerve agents are typically associated with mass casualties and require medical 
personnel to enter an unstable environment while wearing protective gear that simultaneously overtaxes and limits 
their perceptual capacities (Arad et al., 1993; Berkenstadt et al., 1999; Fine & Kobrick, 1987; Hendler et al., 2000; 
King & Frelin, 1984; Smolander et al., 1985). Intubation of adult patients is a complicated and stressful procedure 
for clinicians, however intubation of pediatric and neonatal patients is especially challenging. In addition to 
anatomical and physiological differences between adults, children and neonates, affective elements associated with 
the need to intubate a child or infant during a crisis situation are substantial, and success rates for pediatric and 
neonatal intubation remain sub-optimal (Bismilla et al., 2010; Falck et al., 2003; Leone, Rich, & Finer, 2005; 
O'Donnell, Kamlin, Davis, & Morley, 2006; Sanders et al., 2013). 

The purpose of this study was to establish psychometric characteristics for competency assessment instruments 
associated with the management of cholinergic crisis and ability to perform pediatric and neonatal intubation. The 
study objectives were to determine the psychometric characteristics that describe the measurement accuracy and 
constraints of assessment instruments for 1) clinical management of cholinergic crisis and 2) pediatric and neonatal 
intubation. 

METHODS 

Institutional review and approvals were secured from the University of Michigan, University of Minnesota, and U.S. 
Army Medical Research and Materiel Command (HRPO). All study related activities took place at the University of 
Michigan and the University of Minnesota. The study involved clinical activities and therefore a purposive sample 
of clinicians with varying levels of expertise was recruited. All subjects completed written informed consent prior to 
participating in study related activities. 

Assessment Metrics: Clinical Management of Cholinergic Crisis 

We performed a comprehensive literature review to examine assessment mechanisms and performance standards for 
the clinical management of cholinergic crisis. This literature informed the development of a comprehensive task 
analysis that included essential knowledge and performance skills required to accurately manage a nerve agent 
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casualty. We used this comprehensive task analysis to create a knowledge assessment instrument designed to test 
knowledge associated with managing a nerve agent casualty. The knowledge test is comprised of 23 multiple choice 
and short-answer questions, with a maximum score of 39 total points. We also referenced the task analysis to create 
a semi-objective performance assessment instrument with behavioral markers for assessing the clinical management 
of nerve agent casualties at multiple points, and in aggregate with a maximum total score of 45 points. 

We collected evidence of measurement accuracy and consistency for each of the assessment instruments. Five 
experts in the clinical management of cholinergic crisis mass casualty events reviewed the assessment instruments 
for content accuracy, phrasing, sequencing, and scoring. To establish construct validity, we recruited adult, English 
speaking first responder medical personnel from a 100-mile radius around Minneapolis, Minnesota to participate in 
a simulated cholinergic crisis event (N=123). We categorized subjects by whether or not they had prior training in 
the management of chemical casualties: No Experience and Experience. All subjects completed the knowledge test 
independently, however two pairs of trained raters scored performance assessments while the subjects managed 
simulated casualties (actors). Raters were trained until they achieved and maintained inter-rater agreement above 
.90. We used analysis of variance statistics to compare the scores for knowledge and performance assessments 
between experience levels to determine if there were statistically significant differences such that those with more 
experience scored better. 

After the first assessment cycle, all subjects were asked to complete a second assessment cycle to collect test-retest 
reliability evidence (Pearson correlation) for knowledge and performance assessments; order effects were controlled 
for through randomization within (item order) and between (instrument order) assessment administrations. Internal 
consistency was also calculated for knowledge and performance assessments (Cronbach’s alpha). 

All statistical analyses were conducted using SPSS-Statistics v21 (IBM, Armonk, New York, USA). Statistical 
significance was set at p < .05. 

Assessment Metrics: Pediatric and Neonatal Intubation 

We consulted the published literature to identify assessment tools, methods, and performance standards for pediatric 
or neonatal intubation (Klotz, Dooley-Hash, House, & Andreatta, in press). We identified several procedural 
checklists, however they did not include psychometric properties to convey information about measurement 
accuracy or reproducibility constraints. These checklists informed our process of instrument development, but we 
relied heavily on the American Heart Association Pediatric Advanced Life Support and Neonatal Resuscitation 
Program clinical guidelines and protocols to develop comprehensive task analyses of the knowledge and skills 
required to perform pediatric and neonatal intubation (American Heart Association, 2006; American Heart 
Association & American Academy of Pediatrics, 2006). We used these task analyses data to create a knowledge test 
comprised of 10 short-answer questions about pediatric and neonatal intubation, with a maximum score of 34 total 
points. We then created two semi-objective performance assessment instruments with behavioral markers to assess 
the ability to intubate pediatric and neonatal patients at multiple procedural points, and in aggregate. Each 
performance assessment has a maximum total score of 46 points. 

We collected evidence of measurement accuracy and consistency for each of the assessment instruments. Five 
experts in pediatric and neonatal intubation reviewed all assessment instruments for the accuracy of content, 
phrasing, sequencing, and scoring. 

We recruited adult, English speaking medical personnel from a 100-mile radius around Ann Arbor, Michigan to 
participate in pediatric and neonatal intubation activities designed to establish construct validity of measurement 
(N=214). We categorized subjects according to prior pediatric or neonatal intubation experience: Low (no 
independent experience intubating a pediatric or neonatal patient), Moderate (independent experience intubating a 
pediatric or neonatal patient), and High (routinely and independently intubates pediatric or neonatal patients). 

All subjects completed the knowledge test and were scored by two pairs of trained raters while performing 
intubation on a pediatric mannequin simulator (SimBaby™, Laerdal Medical Corporation, Stavanger, Norway), and 
neonatal mannequin simulators (SimNewB™, Laerdal Medical Corporation, Stavanger, Norway). Inter-rater 
consistency between the four physician raters was .90. We used analysis of variance statistics to compare the scores 
for the knowledge test and both performance assessments between experience levels to determine if greater 
experience corresponded with more favorable scores. 
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After the first assessment cycle, all subjects completed a second assessment cycle to collect test-retest reliability 
evidence (Pearson correlation) for the knowledge and two performance assessments; order effects were controlled 
through randomization within (item order) and between (instrument order) assessment administrations. Internal 
consistency was also calculated for all assessment instruments (Cronbach’s alpha).  

Statistical analyses were conducted using SPSS-Statistics v21 (IBM, Armonk, New York, USA). Statistical 
significance was set at p < .05.  
 
 
RESULTS 
 
The five experts from each competency area (cholinergic crisis management and pediatric-neonatal intubation) 
reviewed and, after minor modifications, agreed to the accuracy of content, phrasing, sequencing, and scoring of all 
instruments.  
 
Cholinergic Crisis Management 
 
Construct validity was supported for assessment of cholinergic crisis management by statistically significant 
differences between subjects with and without prior training in the clinical management of a cholinergic event 
(Figure 1). Scores for greater levels of experience exceeded those of lower experience levels for knowledge 
assessment (F(1, 122) = 8.89, p = .003), and performance assessment (F(1, 122) = 170.34, p = .000). Significant 
correlations between test-retest outcomes for both assessment instruments indicated measurement reliability (p < 
.001). Test-retest correlations for knowledge and performance were .97 and .98, respectively. The assessment 
instruments demonstrated excellent internal consistency (Cronbach’s alpha) for knowledge (.69) and performance 
(.90).  

 
Pediatric-Neonatal Instruments 
 
For pediatric and neonatal intubation, construct validity was supported by statistically significant differences 
between subjects with varying levels of experience, such that the scores for greater levels of experience exceeded 
those of lower experience levels (Figure 2). Between group ANOVA outcomes for experience levels were as 
follows: knowledge assessment (F(2,212) = 107.45, p = .000), pediatric performance assessment )F(2,212) = 
115.18, p = .000), and neonatal performance assessment (F(2,212) = 111.89, p = .000). Bonferroni post-hoc analyses 
confirmed statistical significance between all experience levels for each assessment instrument (p = .000). 
Significant correlations between test-retest outcomes for all assessment instruments indicated measurement 
reliability (p < .01). Test-retest correlations were knowledge (.99), pediatric performance (.96), and neonatal 
Performance (.96). The assessment instruments demonstrated excellent internal consistency (Cronbach’s alpha) for 
knowledge (.92), pediatric performance (.84) and neonatal performance (.85).  

Figure 1: Construct validity for knowledge and performance assessments. 
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DISCUSSION 
 
Constrained opportunities for medical personnel to practice skills associated with the management of mass disaster 
and rare event casualties make it difficult to acquire and maintain these critical competencies. Although training and 
certification programs may help providers learn knowledge and skills, without evidence of performance abilities it is 
difficult to determine the extent to which that knowledge transfers into applied practice. Gaps between training 
outcomes and applied performance data suggest that there is room for improvement in how we facilitate training to 
assure clinical competency (Irvine & Martin, 2014; Nestel, Groom, Eikeland-Husebø, & O’Donnell, 2011). Our 
results demonstrate the value of using assessment instruments with psychometric validity and reliability evidence for 
providing feedback about performance competency. The data derived from our assessment instruments provided 
sufficient detail to differentiate between the experience levels of clinicians and demonstrated similar findings to 
previous work describing performance gaps between interns, senior residents, and attending physicians (Falck et al., 
2003; Sanders et al., 2013). 
 

Figure 2: Construct validity for pediatric-neonatal knowledge and performance assessments. 
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Implications 
 
The importance of being able to measure performance to the extent that it provides feedback to clinicians about their 
abilities at any point in time, where improvement is necessary, and when refreshment training or practice is 
recommended, provides valuable information to clinicians and training administrators. Training programs could then 
benefit from tailoring requirements or content to a clinician’s competence in order to make best use of resources and 
training time. Performance data also facilitates standard setting, the metrics of which are useful for developing 
instructional opportunities that support deliberate practice with performance feedback. With performance standards, 
individuals can hone their performance until they achieve a predetermined level of mastery, or competency 
threshold. Simulation-based training methods provide on-demand options for prescribed and standardized 
instruction that facilitates the deliberate practice that allows clinicians to develop and improve their performance 
abilities. Improvements in the technological characteristics of mannequin simulators; such as anatomical, 
physiological, and tissue fidelity; would substantially add to their prospective benefits. (Klotz et al., in press).  
 
Limitations and Next Steps 
 
A limitation of this study is that we did not attempt to evaluate performance during applied clinical care, so it 
remains to be determined whether competent performance in the simulated context translates to competent 
performance managing actual patients in crisis. This is an important next step to establish the predictive validity of 
these assessment instruments, but it was beyond the scope of this study. Theoretically the mental models created 
from a relevant training environment will transfer to a clinical care setting, and future work will characterize the 
extent of transfer in different clinical contexts.  
 
 
CONCLUSIONS 
 
The results of this study confirm the developed assessment instruments yield sufficient evidence of psychometric 
character to support the measurement of competency in each of the designated performance domains: 1) the clinical 
management of a mass casualty cholinergic crisis event and 2) pediatric and neonatal intubation. Assessment 
instruments that are supported by strong psychometric evidence, such as the validity and reliability of measurement, 
facilitate standard setting for critical competencies. Precision assessment instruments and performance standards 
help identify individual performance gaps for remediation, as well as inform the development of on-demand 
instructional programs to effectively train medical personnel. 
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