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111 ABSTRACT 

Pediatricians in the emergency room are often challenged to 

provide proper care to critical cases. Training and opportunities to 

practice complex procedures are difficult to create. This study examined 

the feasibility and learning gains derived from a high fidelity 

mannequin-based simulation to improve physicians' comprehensive 

clinical skills. Care was exercised to ensure quality training and 

assessment of the simulated experiences. Experts were used to validate 

and provide evidence of ccnstruct validity. Eighteen pediatric residents 

participated in a pretest, a training session and a post-test. Data were 

collected on their performance related to procedural skills, medications 

used and behaviors displayed. 

Results: The simulation was considered realistic, effective and 

valuable. Evidence was provided to indicate quality scores (Le., all scores 

were both reliable and valid) . There were significant learning gains in all 

three attributes assessed. These results supported the use of high-fidelity 

mannequin-based simulations for enhancing and assessing physicians' 

competence in the management of critical pediatric cases. 
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CHAPTER ONE 

INTRODUCTION I BACKGROUND 

A). THE CHALLENGE OF MANAGEMENT OF PEDIATRIC CRITICAL CASES 

IN EMERGENCY 

Pediatric critical cases that present to the emergency department (ED) 

are always urgent, potentially catastrophic; as well as require immediate 

assessment and accurate management. However, each case tends to be 

unique and infrequently seen by the emergency health care providers. 

Successful management of critical cases in the pediatric ED is a great 

challenge. 

The advances in medicine coupled with the complexity of diagnostic 

strategies, the availability of new treatments procedures, and increase in 

physicians' workload can lead to practice errors that may have adverse 

consequences to the patients. Human error in management of critical events, 

especially in the acute setting, is a continuing cause of pediatric mortality and 

morbidity 1,2. To avoid faulty management in such situations, physicians 

should have a solid knowledge base, as well as proficient psychomotor and 

behavioral skills, that reflect standard practice guidelines. Training competent 

practitioners to recognize the patients' medical problems and apply 

appropriate clinical skills is very important. 

B) TRAINING STRATEGIES FOR PHYSICIANS' CLINICAL PERFORMANCE 

Acquisition and maintenance of clinical skills necessary for the 
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successful management of critical cases in the pediatric ED were traditionally 

accomplished by a combination of lectures, textbook, multi-media systems, 

and practice using a simple mannequin. These experiences were usually 

combined with the learner's active participation in the critical case 

management in real patient encounters. Adult learning theorl would 

suggest that the most effective learning of problem solving occurs when 

these clinical skills are taught and evaluated directly during real patient 

encounters. However, the rarity of critical cases and their associated 

medical-legal problems makes the training and testing of health personnel 

during real patient encounters practically impossible. To compensate for the 

difficulties of using real patients, standardized patients have been widely 

used in medical education for many years; however, they are also not 

accessible for such "invasive" intervention during critical case management 

(e.g. , resuscitation). To provide realistic and life-like patient encounters 

embedding "hands-on" clinical skills in a safe controlled situation, there is a 

need for advanced simulated training and evaluation tools. 

A simulator affords chances for repeated practice and experimentation 

in a controlled and safe learning environment that allows trainees to widen 

the spectrum of "difficult" procedures with less stress. Educational simulation 

has long been used in situations where training and testing in the real world 

is dangerous (e.g., war, nuclear power plant accident) , too expensive (e.g., 

aviation), or simply unfeasible (e.g. , space exploration). 4 Within the field of 

medicine, simulators have been successfully used to train or assess 
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physicians about administering anesthesia, performing surgery, evaluating 

cardiac diseases, and managing crisis in radiology, and intensive and 

emergency care (see Appendix 1 summary of literature).5-25 

C). HUMAN ERRORS AND SIMULATION 

Most (60-70%) of the incidents in anesthesia have been reported to be 

due to human errors.26,27 DeAnda and Gaba compared the occurrence of 

incidents during anesthesia simulation using a modified critical incident 

technique26 with Cooper's study28 that used the same technique in interviews 

with anesthesia, and concluded human errors during comprehensive 

simulation had similar pattern and content as they were in the real world. 

Although self-reporting could have biased the results here, researchers 

believed that the incidents during simulation could provide information about 

medical mishaps in the real world. In addition, a "hands-on" simulator can 

present critical events safely and repeatedly so that trainers obtain desired 

practice to become proficient at recognizing and appropriately managing 

specific problems. Mannequin-based simulations have been reported to be 

an effective tool in enhancing physicians' clinical performance.29,30 Recently, 

mannequin-based simulations have presented a new opportunity in research 

and assessment. 6,7,13,14,15,17,20,22,23,26 

http:performance.29
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CHAPTER TWO 

LITERATURE REVIEW 

A). CRITICAL INCIDENTS AND CRITICAL EVENTS: 

Incidents involve either an error by the health personnel or a failure of 

the medical team to function properly, or an unexpected outcome developed 

during routine procedures.27 They are not always critical in nature but could 

evolve into critical incidents. Most studies dealing with critical incidents were 

reported in the field of anesthesia. Critical events are often due to the 

progression of a disease or critical conditions precipitated by an accident or a 

natural event. 

Critical events and critical incidents share many characteristics, such as 

being emergent, infrequent, life threatening, unfamiliar, and involve similar 

clinical skills. Literature regarding simulation on both critical incidents and 

critical events was reviewed (as followings). 

8). EVOLUTION OF MANNEQUINS AND SIMULATION 

In 1969, Abrahamson presented the first hands-on mannequin (SIM I) 

for teaching endotracheal intubation in anesthesia.31 Since then, some 

reports of patient mannequin have been published, which described a 

number of procedures, including intubation, vascular access, auscultation 

and resuscitation. Unfortunately, proficiency in these isolated clinical skills, 

when learned in isolation, cannot prevent faulty practice in managing critical 

emergent events as experienced in a real patient encounter. Medical 

http:anesthesia.31
http:procedures.27
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educators started to pursue the integration of comprehensive clinical 

management, which included isolated clinical procedures, information 

gathering, diagnosis, and decision-making specific to the patient's problem. 

Between 1988 and 1989, several study groups had developed mannequins 

in a comprehensive simulation environment to train practitioners in a realistic 

setting. CASE (comprehensive anesthesia simulation environment), a 

famous model reported by Gaba and DeAnda, had attempted to re-create 

the anesthesiologist's task environment in a real operating room.s The 

mannequin in that era was deemed as the least realistic part of the 

simulation. With advances in computerized technology, the first full-scale 

simulator PAWl v.1.8 was developed in 1993, thereafter; many simulator 

groups were founded in USA and Europe to pursue a real-life simulation.31 
,32 

Using computerized simulation, trainees could be trained and assessed in a 

simulated or near "real-world". 

The majority of the earlier computerized simulators were developed for 

training or assessing anesthesiologists in adults. However, the computerized 

mannequins designed for adults cannot be used to simulate pediatric cases 

due to differences in the size and patho-physiological responses. In the 

1990's, there was an increase in the number of pediatric CPR training 

mannequins developed.34 They allowed a wide range of procedures for 

various training purposes, from basic life support techniques to 

comprehensive clinical skills. However, up to now, there has been only one 

report using a neonatal mannequin (NeoSim) to train pediatricians and 

http:developed.34
http:simulation.31
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nurses in four neonatal resuscitation skills: bag-valve-mask ventilation, 

tracheal intubation, intraosseous line placement, and defibrillation5 in a 

delivery room setting. There are no reported studies demonstrating the 

effects of a high-fidelity computerized child mannequin on the training and 

evaluation of physicians' clinical performance in an emergency department. 

Therefore, very little is known about their quality, effectiveness and utility. 

C). USAGE OF MANNEQUIN-BASED COMPREHENSIVE SIMULATION IN 

CLINICAL MEDICINE 

Articles were reviewed that described details about comprehensive 

simulation with high- or intermediate- fidelity mannequin in clinical medicine 

(see Appendix 1).5-25 It was found the simulations were mainly used in the 

field of anesthesia. Only recently these mannequins have been used to 

enhance competency within the fields of radiology, emergency! critical care 

medicine, surgery and pediatrics. The studies reported 8 to 161 subjects 

and the number of constructed scenarios ranging from one to six. The 

outcomes of the training sessions reported improvement in written test of 

knowledge,8 enhancement of the participants' clinical performance9,10,16-19,25 

and self-confidence.25 Those studies that used program evaluation 

questionnaires reported findings of high quality and value due to the use of 

the simulations.5,1o,16,1 7,2o-22 A large group survey carried out in Canada 

reported that anesthetists were very supportive of the simulation-based 

training35 
, and felt that such training should become a regular part of the 

http:self-confidence.25
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initial and continuing education of anesthesia. 

Soon after high fidelity mannequin-based simulations were introduced 

within the medical profession as a training tool, they were then used to 

evaluate physicians' clinical performance. To be useful, all evaluation tools 

must provide evidence that their scores are both reliable and valid . In the 

area of computerized simulations, construct validity was first demonstrated 

by Gaba and DeAnda, which showed experienced subjects detected 

problems more quickly than young residents. 6
,7 This finding was later 

supported by Devitt's study 22 that assessed clinical performance using 

mannequin-based simulation in four subject categories (e.g. , 

university-based anesthesiologists, community-based anesthesiologists, 

residents, and medical students), and demonstrated construct validity. 

However, Morgan et al 20,23 reported there was only minimal correlation 

between participants' simulation checklist and both their clinical marks and 

written scores. Inter-rater agreement was most commonly checked with 

intraclass correlation coefficient (ICC), except Tome's study 12 that used 

regular Pearson's correlation to determine inter-rater correlation. In these 

studies, there were usually 2-5 raters, who rated simulation as a team, and 

were asked not to communicate with each other. The inter-rater agreement 

was reported to be fair to excellent (0.76- 0.96). Regarding internal 

consistency of the test instrument, Devitt15 described a study primarily 

designed to determine reliability and validity in a rating instrument 

developed to evaluate anesthetists' performance in such a simulation 

http:0.76-0.96
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setting. The study yielded poor internal consistency between test items 

(alpha=0.27, 0.28). This could be improved to an acceptable level 

(alpha=0.66) when four poor items out of ten were removed. Morgan et al23 

also reported the internal consistency of their evaluation tool was poor, with 

alpha varied from 0.01 to 0.74. They have called for further study in the 

testing instrument before implementation. 

D). EVALUATION INSTRUMENT AND ITS IMPLEMENTATION 

Factors involving quality of rating clinical performance during simulation 

included structure of the rating instrument (items defining necessary skills, 

item number, type of scale, wording) and the way that rating operated 

(number of raters, rater training, setting for rating). In all of the reviewed 

studies, simulation was videotaped and reviewed by several raters. Raters 

most commonly worked together, but were asked not to communicate with 

each other. Participants were most commonly rated in a team with the team 

member number varied from two to ten. The measuring criteria included 

response time (e.g. , "time to detect", "time to solve" and "time to start,,6,7,9,13), 

outcome (e.g., mortality13), and appropriateness of response. The scale of 

checklists were either dichotomous or three to five-point Likert scale. The 

rating instrument was scenario-specific, and most studies developed their 

own testing instruments. Based on the parallels between aviation and 

anesthesiology, Gaba and his colleagues 14 adapted an instrument used to 

rate flight deck crew behaviors, which was developed by NASA and 

http:alpha=0.66
http:alpha=0.27
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University of Texas Aerospace Crew Performance Project. This modified 

instrument measured technique and behavior attributes, and that was 

reported to be fair to excellent in inter-rater reliability, and to have construct 

or 	concurrent validity. This instrument should be tailored to satisfy the 

measurement for required clinical tasks specific to various fields in medicine. 

In 	summary, the advantages, disadvantages, and problems unresolved 

involving the comprehensive simulation using a high-fidelity mannequin 

were: 

E). 	ADVANTAGE 

1. 	There was no risk to patients. 

2. 	 "Cases" that were uncommon but serious could be presented 

repeatedly. 

3. 	 The "disease" progression could be standardized. 

4. 	For teaching, the simulation could be halted or restarted whenever 

necessary, and it could be recorded for later feedback. 

5. 	The mannequin could present "himself' to a physician mimicking a real 

"patient", and allowed various "hand-on" procedures. 

F) . DISADVANTAGE 

1. 	 High cost for purchasing a high-fidelity mannequin, and 

constructing and maintaining a simulation center. 

2. The high-fidelity mannequin-based simulation was labor and 
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time intensive in nature. 

3. 	To whatever extent a mannequin and simulation was improved, 

it was still not real. 

G). 	PROBLEMS UNRESOLVED: 

1. 	 Utility of using the mannequin-based simulation-training program 

has not been determined. 

2. 	 The qualities of mannequin-based simulation examination were not 

consistent. 

3. 	 There is no literature addressing the use of a child mannequin in a 

comprehensive pediatric simulation. The experiences of teaching 

and assessing pediatric crisis management using mannequin-based 

simulations are still lacking. 

H). PURPOSE 

The purpose of this study is to use a full-scale, high fidelity, child 

mannequin in a simulated emergency room setting to teach pediatric 

residents about the management of critical events. The goal of this training 

program is to enhance residents' learning, to improve their comprehensive 

clinical skills in managing critical events; not only the separate resuscitation 

skills , but also decision-making and problem-solving ability. Through the 

repeatable "hands on" exercises, faulty management due to human errors 
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would be reduced . This study did not intend to cover all the critical events in 

pediatrics; instead, two scenarios with presentations of "tachydyspnea" and 

"shock" covering major clinical skills in managing critical problems were 

constructed . 

This study design leads to answer the following research questions: 

1) 	What were the participants' responses, regarding the realism , 

effectiveness and limitation of the simulation , and value for future use 

to the high-fidelity mannequin-based simulation? 

2) 	 What is the quality of the simulation examination, e.g., reliability 

(internal consistency and inter-rater agreement), validity (face validity, 

content validity and construct validity)? 

3) What were the learning gains derived from the high-fidelity mannequin 

based simulation-training program? 

4) What factors were related to the clinical performance during 

simulation? 

5) 	 Does acting as an assistant (i.e., not performing any clinical 

procedures on the "patient") but being present in the simulated ED 

minimize learning gains? 

6) 	 Were there factors (i.e., observing the simulation prior to the test, 

cases in different difficulties) that might bias the learning outcomes? 
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CHAPTER THREE 

METHODOLOGY 

A). STUDY DESIGN 

1. A modified One-Group Pre-experimental Pretest-Posttest Design35 was 

used to determine the learning gains as indicated in TABLE 1. Pretest and 

post-test were composed of two 3D-minute scenarios for each. The session 

delivered of a pretest, followed by a one-hour simulation-based training 

session that concluded with a post-test. There were two simulated clinical 

presentation: "tachydyspnea" (T) and "shock" (S). Table 1 summarizes 

the research design used in this study for 4 out of 18 residents. 

TABLE 1 


Research Design used for 4 out of 18 Residents 


Combination of 
pretest/posttest 

Role Resident Pretest 
(1 ) 

Training Posttest 
(2) 

Same presentation 

(1T-2T, 1 S-2S) 

15t R1 1T Training 
session 

2T 
2nd R2 1S 2S 

Different presentation 

(1T-2S,1S-2T) 

15t R3 1T Training 
session 

2S 
2na R4 1S 2T 

Combination of same pretest/post presentation: 1T followed by 2T or 1S 

followed by 2S; Combination of different presentation: 1T followed by 2S or 

1 S followed by 2T; Role 15t
: residents who first acted as primary physicians 

and acted as assistants next, Role 2nd
: residents who acted as assistants 

first and acted as primary physicians next. R1-4: resident number 1-4; 1T: 

pretest tachydyspnea case; 2T: posttest tachydyspnea case; 1 S:pretest 

tachydyspnea case; 2S: posttest shock case. 

Residents were randomly divided into pairs, and "worked" as a team 
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during each encounter. The session began with a pretest for each 

resident; they then were given the same one-hour training session that 

was followed by a posttest. 

The pair of residents alternated between the roles of primary 

physician and assistant. In order to control for possible bias in observed 

learning gains due to the potential discrepancy in case difficulty, a 

balanced study design was adopted. The case combination of pretest 

and post-test was varied. To examine the learning gains, the number of 

residents with 1 T -28 was made equal to the number of residents with 

18-2T, thus provided a complete balanced design for both numbers of 

residents and variance due to case difficulty. 

The pair of the residents rotated to act as a primary physician who 

performed all the required clinical tasks. The resident's performance was 

rated only when they acted as the primary physician. 

Five pairs of residents received the same clinical presentation (e.g., 

shock) in both the pretest and post-test cases (e.g., 1T followed by 2T, 18 

followed by 28). The performance scores of these five groups 

represented the learning gains as primary physicians. The other four 

pairs received different clinical presentations in the pretest and post-test 

cases (1T followed by 28, 18 followed by 2T). Their performance scores 

represented the learning gains as assistant physicians. 
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2. 	 A mannequin-based training session was constructed to enhance the 

pediatric residents' comprehensive clinical skills and problem-solving 

ability on managing two pediatric emergency critical cases. 

3. 	 For both pretest and post-test, simulation examinations using 

high-fidelity child mannequin were constructed to assess participants' 

clinical performance and check if the anticipated learning gains were 

achieved or not. The mannequin-based examinations were first validated 

by experts, and then, delivered to participants before and after the 

training session (pretest and post-test). Finally, the reliability, validity and 

usability of the assessment instrument were determined. 

4. The learning gain was determined by comparing the residents' pretest and 

post-test clinical performance. 

5. 	Information about the participants' background, self-evaluation of their 

responses to the simulation, and their view about quality and value of the 

mannequin-based simulation was collected from post-test 

questionnaires. 

8). ETHICS: 

Details of procedures and purpose of the research had been explained 

to all the participants to their satisfaction. All the participants were informed 

that they were free to withdraw from the project at any time, the 

confidentiality of the information they provided was safeguarded, and for 

the residents, the simulation evaluation would not factor into the final formal 
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course evaluation. Written consents were obtained from all the participants 

before entering the study. 

C) . CLINICAL CASES: 

The scenarios developed for this study were cases with clinical 

presentations of tachydyspnea (T) and shock (S). Because the major 

underlying cause of cardiac arrest in children is respiratory and circulatory 

failure, the chosen causes for our simulated cases with tachydyspnea and 

shock were respiratory distress and dehydration, respectively. These 

problems embedded not only basic clinical skills such as monitoring vital 

signs and respiratory support, but also complex and comprehensive clinical 

skills in pediatrics. These problems satisfy some of the following 

characteristics for practice in real world: frequent blunders but infrequently 

encountered, emergent events and potentially catastrophic, difficult skills 

requiring repeated exercises, which are not feasible using other education 

formats. Each scenario required problem identification, diagnosis formation 

and clinical management. According to the developed script, each scenario 

had a predetermined series of therapeutic actions that needed to be taken, 

but strict adherence to acceptable treatment guidelines was not required to 

manage the "patient". Each scenario could be changed dynamically 

depending on the participants' clinical responses. 

For both pretest and post-test, there were two 30-minute simulated 

encounters (one with tachydyspnea, and another with shock) for each test. 
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To avoid the possible bias of learning derived from repeatedly taking 

simulation examination with the same case, two sets of cases for pretest 

and posttest were constructed (see TABLE 2). For example, to present 

"tachydyspnea", a case of asthma was conducted for pretest and a case of 

car crash with pneumothorax and chest contusion was delivered for 

posttest. The two "tachydyspnea" cases presented with similar clinical 

presentations but different themes and embedded almost the same 

required clinical tasks. The four scenarios for pretest and post-test are 

shown in TABLE 2. 

TABLE 2 
Th r' te c Inlca I cases for pre es t t and post- est 

Pretest (1) Post-test (2) 
rrachydyspnea 
~T) 

1 T) Severe asthma with 
complication of 
pneumothorax and 
respiratory failure 

2T) Car crash with 
pneumothorax and 
chest contusion 

~hock (5) 1 S) Diarrhea with severe 
dehydration and shock; 

2S) 100M with DKA and 
shock 

100M: Insulin Dependent Diabetes Mellitus; DKA: Diabetic Ketoacidosis 

D). SUBJECTS 

The participants were 18 voluntary residents and four attending 

physicians in the Department of Pediatrics and Emergency Medicine who 

were involved in managing pediatric critical events at Alberta Children 

Hospital , in Calgary, Canada, between Sep 2000 and Sep 2001 . The 

participants were divided into two groups: experts of Group 1, residents of 

Group 2. 
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1. Experts 

The attending physicians who have had experience of more than 3 

years on managing pediatric critical events were regarded as experts 

(Group 1). The four experts were divided into two groups, Group 1 a and 

1b. For validation and enhancement of the mannequin-based simulation 

before the residents, two experts (Group 1a) first received the 

mannequin-based simulation that was composed of four scenarios, two 

"tachydyspnea" cases and two " shock" cases. During the simulation, one 

expert acted as a primary physician ("in the hot-seat") while the other acted 

as an assistant. At the end of the simulation, they were interviewed for 

feedback and suggestions, which were used to improve the simulations. 

Thereafter, the experts returned to check if the simulation examination has 

been improved according to their suggestions. After the check-up, 

feedback and approval were obtained. 

Two experts of Group 1 b were used to obtain the construct validity for 

the mannequin-based examination. The experts received the simulation 

examinations one by one, and three independent raters rated their 

performance. The examination was composed of four scenarios that were 

the same with those appearing in pretest and post-test for residents. There 

was no training session given between the simulations. 

2. Residents 

Residents were assigned as Group 2, the study group, who received 
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this mannequin-based training session as supplementary to their 

conventional training program. The residency-training program involving 

critical event management in Alberta Children Hospital was as the 

followings (also shown in TABLE 3): PGY -1 had a PALS training course, 

one to two blocks in Pediatric intensive care unit (PICU), one block in 

neonatal intensive care unit (NICU) and one block in emergency medicine; 

PGY-2 had one block in PICU, two blocks in NICU, and one block in 

emergency medicine; PGY-3 had one block in PICU and NICU. The 

cumulative blocks completed on critical emergent care were: three to four 

for PGY -1; seven to eight for PGY -2; and nine to ten for PGY -3. The 

content of the conventional training program consisted of shift work, small 

group discussion and lectures regarding comprehensive crisis 

management in pediatrics. One block was a 4-week period designated for 

a rotation. Preceptors evaluated the residents during each of their rotations. 

They might not have completed all the rotations of the year by the time they 

were studied, thus they were heterogeneous in training and experience 

even when they were in the same PGY year. Each subject acted as his or 

her own control. 
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TABLE 3 


The residency-training program involving critical event management 


in Alberta Children Hospital 


PGY-1 PGY -2 PGY-3 

PALS 1 a a 

NICU 1 2 1 

PICU 1-2 1 1 

ER 1 1 a 
PALS: Pediatric Advanced Life Support; NICU: Neonatal Intensive 
Care Unit; PICU: Pediatric Intensive Care Unit 

The residents were randomly grouped into pairs and then assigned to 

one of the four sets of pretest and post-test (as shown in TABLE 2). Before 

the mannequin-based training session, they received a pretest to assess 

their entering level of clinical performance. After the one-hour training 

session and a 1 a-minute break, they received a simulation post-test to 

evaluate the effectiveness of the training course. At the end, all the 

participants completed a questionnaire regarding their background, the 

time since last experience on critical care, self-evaluation of their 

responses to the simulation, appropriateness of scenario content, the 

realism and value of the simulation to practice. The participants were asked 

not to communicate with each other about content of the simulation. 

To answer if acting as an assistant, instead of a primary physician, in a 

simulation would eliminate the learning or not, five of the resident pairs 

were assigned to the cases with the same clinical presentation 

(tachydyspnea or shock) for both pretest and posttest (i.e., 1T followed by 
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2T and 1 S followed by 2S), and the other four pairs received cases with 

different clinical presentation for pretest and post-test (i.e., 1T followed by 

2S and 1 S followed by 2T). For the latter combination, the participants 

actually managed a post-test problem similar to that experienced in the 

pretest when they played the role of an assistant. The difference of learning 

gain between these two combinations was checked. 

E). EQUIPMENT 

1. Mannequin 

This was a full scale, high-fidelity child mannequin that was a product 

of METI (PediaSim, Medical Education Technologies Inc.). Its anatomy and 

physiology were compatible with an 8-year-old elementary school-aged boy. 

The mannequin was constructed to direct the trainees' attention not only to 

the information provided by monitors and the facilitator but also to the 

"patient himself'. The mannequin was installed in a room/ motorhome 

owned by STARS (Shock Trauma Air Rescue Society), replicating an 

emergency room (see Figure 1 and Figure 2). 
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FIGURE 1: STARS motorhome installed with Human Patient Simulator to 

provide critical care skills training . (Picture permission by STARS) 

FIGURE 2: A high fidelity mannequin-based simulation in a simulated 

emergency room environment. (Picture permission by STARS) 

This mannequin had an anatomically correct upper airway and 

mechanical lungs. Through control of the computer, the lungs are capable 

of spontaneous breathing, produce CO2 when ventilated, and demonstrate 

appropriate compliance and resistance. It has heart sounds and breathing 

sounds simulating the diseases. The mannequin allowed a number of 

respiratory tract interventions, including mask ventilation, endotracheal 
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intubation, and mechanical ventilation. For intubation, the trainee used 

standard plastic intubation tubes, with or without stylet, which could be 

introduced through the nostril or the mouth. A successful intubation was 

signaled by the ventilation sound, and with "clinical" improvement. Air 

leakage might be simulated when an improper ET tube was used. By 

suitable setting of breathing sound , pulmonary compliance, airway 

resistance and other clinical parameters, one-lung ventilation can also be 

simulated. The mannequin also produced pulse oximeter signals detectable 

by standard clinical monitors. Laryngospasm, asthma, and pneumothorax 

with their associated sounds and chest wall movement might be produced. 

The mannequin also produces an EKG with the amplitude and heart 

rate adjustable. Various cardiac rhythms could be introduced, e.g. 

ventricular premature beat, ventricular fibrillation and asystole. There were 

extremities for non-invasive blood pressure measurement, and the invasive 

arterial pressure was displayed on the cardiac monitor. Peripheral pulse 

could be felt over a variety of areas (e.g., common carotid , brachial, radial , 

and femoral). It also allowed the usage of defibrillators. However, it did not 

allow procedures involving vascular access. 

Drugs might be introduced in the infusion line. Through reading the bar 

code, the mannequin responded correspondently. In our simulation, the 

participants identified the medication and its dose, and the computer 

simulated its administration. The eyes could show fixed gaze, and blinking. 

The pupillary reflex and size corresponded with the clinical situation. Body 
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temperature was displayed on a monitor. The mannequin was able to give 

off sound ("had a voice") by a hidden operator. 

2. 	Simulation setting 

The simulation room was set up as a pediatric resuscitation area. It was 

equipped with a mobile bed, all the required equipment and medications, 

and a computer monitor imitating clinical monitors (e.g., EKG, invasive 

blood pressure, pulse oximeter, expiratory gas spirometry, temperature). In 

addition , there was a video camera and wireless microphones. The 

simulator control computer and hardware were located in an adjacent 

control room, which was equipped with a video camera recorder and 

wireless microphones. The computer used to drive the mannequin is a 

Pentium II PC, installed with compatible software. 

F). 	IMPLEMENTATION 

1. 	Mannequin-based training program 

i. 	 Title: An enhancement training program using a high-fidelity child 

mannequin in managing pediatric critical emergent events 

ii. 	 Instructor: a pediatric emergency expert 

iii. 	 Goal: to improve residents' competence about managing critical 

emergent events related to clinical presentations of "tachydyspnea" and 

"shock". This course attempted to ensure pediatric life support skills as 

well as enhance decision-making and problem-solving ability within the 

problem domain. 
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iv. 	A high-fidelity mannequin was used to present critical events simulating 

real-patient encounters in a pediatric emergency environment. The 

mannequin system was developed to present monitoring signals as 

physiologic/pathologic variables of a "real-life" mannequin, through 

which trainees identified and interpreted the clinical findings derived 

from the "patient". 

v. 	 Content, organization, instruction methods and the implementation 

strategies: This training course using a full-scale child mannequin 

consisted of a 15-minute briefing session, a pretest simulation 

examination, a one-hour training course (only for residents), and 

followed by a post-test simulation examination. 

The resident participants were randomly divided into groups of two. 

First of all, before the simulation, the pair of participants was gathered 

and the instructor delivered briefs about the scheme and principles of 

managing "tachydyspnea" and "shock". In addition, details about the 

setting, the available resources, and tasks at hand were also explained. 

They spent some time getting familiar with the mannequin, learning the 

layout and equipment. During the "training session", the instructor 

reviewed the videotapes with the residents, and gave feedback based 

on the participants' performance on the pretest. The participants were 

asked to repeat poorly performed tasks. The computerized simulation 

could be restarted for any necessary part with the equipment being 

used as teaching aids. Management of cases with the presentations of 
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"tachydyspnea" and "shock" was the teaching focus. 

2. Mannequin-based examination 

Pretest mannequin-based examination was actually an important 

part of the training session. During pretest and post-test, the participants 

rotated to act as a primary physician ("in the hot-seat") who performed the 

major clinical tasks, and were rated for his/ her performance. The other 

participant acted as an assistant as is often done in real emergency 

situations. Then, they switched the roles for the post-test scenario. The 

participants were asked to vocalize their thoughts during the whole 

simulation, they were also encouraged to treat the mannequin as a real 

"patient" in an emergency department (ED) encounter (e.g., choosing 

appropriate instrument, ordering examinations). They were told to be as 

fast, precise and safe as possible when performing clinical skills. They 

were expected to work as a team through appropriate communication, 

and the interaction between them was rated . The instructor rated the 

residents' quality of skills performed, general behaviors displayed, and 

medications administered during the encounters. The instructor had three 

roles: rater, facilitator, and paramedic / parent as the need arose. She 

took on the role of a paramedic or parent of the "patient" and responded 

to the participants' inquiry or provided background information about the 

"patient". As a facilitator, the instructor was allowed to change or extend 

the scenarios to ensure the participants' competence in managing critical 

events. The whole simulation process was videotaped for debriefing at 
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the training session and was rated later by another two independent 

raters. 

3. Involved personnel: an instructor, coordinators, an operator, and raters 

Besides the instructor, there were two coordinators and one operator 

involved in every simulation occasion, and another two independent 

raters for every rating. 

The instructor was inside the simulation room, wearing a wireless 

intercom communicating privately with the operator in control room, and 

monitoring the actions during simulation. She facilitated the proceedings 

of the simulation, observed the participants' performance and rated them. 

To enhance residents' learning, the instructor was authorized to direct 

and change the script-based simulation according to residents' responses. 

She also directed the "training session" by reviewing the pretest 

videotape with residents, and giving feedback and debriefing. 

One coordinator was responsible for making schedules and 

arranged the necessary equipment beforehand. During the simulation, 

the coordinator acted as a circulating nurse, delivering medications, 

passing equipment, and performing limited procedures according to the 

physicians' orders. Another coordinator was responsible to produce the 

mannequin's "voice" through microphone. He could mimic a school-age 

boy's voice, with the content and tone appropriately reflecting the 

"disease" status. 

The three raters were experts on pediatric critical care or emergency 
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medicine, who were familiar with our scenarios and rating scales. 

A well-trained operator operated the computer-directed simulator 

and monitor. He was familiar with the computer program that controls the 

mannequin and monitor, and also the mechanical application related to 

the mannequin. During the simulation, he controlled the mannequin 

system to bring out every "theme" in an appropriate sequence and pace, 

by monitoring the progression of the simulation and communicating with 

the instructor. 

G). INSTRUMENTATION 

1. Script: (Appendix 2) 

For each scenario, a simulation script was used as a guideline, which 

formulated all possible steps and mannequin's corresponding responses, 

and the clinical skills to be measured during the simulation. In order to 

ensure that the examination measured necessary performance related to 

the management of cases with "shock" and "tachydyspnea", the script 

and rating instrument were constructed based on a blue print derived 

from "Pediatric Advanced Life Support" principle, and validated by an 

expert. 

2. Scoring instrument (Appendix 3) 

The scoring system developed for the simulation examination 

included three formats: 
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S: task-specific clinical skill score 

M: medication score 

B: behavior score. 

The scale for task-specific skill checklist and the behavior rating 

were dichotomous (done, or not done). The scoring criteria adhere to the 

guideline of Pediatric Advanced Life Support by American Academy of 

Pediatrics.36 Participants were rated directly by their instructors during the 

simulation and later by another two raters based on the videotapes. 

3. 	Evaluation questionnaire (Appendix 4) 

The evaluation questionnaire was composed of a checklist with 

five-point Likert scale and a written part that provided information on the 

participants' background plus their opinion on nature and value of the 

simulated encounter. The five-point Likert scale was indicated as: 5: 

strongly agree, 4: agree, 3: neutral, 2: disagree, and 1: strongly disagree. 

H). DATA MANAGEMENT AND ANALYSES 

H1). DATA MANAGEMENT 

a. 	 Raw data were keyed in manually and the entries were checked by a 

second person to ensure accuracy of data management. 

b. 	The task-specific skill and behavior scores were each expressed as a 

proportion (maximum 1.0). Generating a score for correctness of 

medications administered was complex since there were no gold 

standards and since the number of medications could vary by individuals 

http:Pediatrics.36
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and scenarios (Le., theoretically no maximum or minimum numbers per 

case). The medication scores were generated by counting the frequency 

of appropriate medications including dosage and administration route (1 

for correct medication dosage, 1 for correct administration route, and 0 

for correct medication but no/wrong dosage and administration route). 

Marks were subtracted for inappropriate medications (-1 for incorrect 

medication, -1 for missed medication) . 

c. 	 Items dealing with additional history taking were dropped because of a 

lack of agreement among the raters of the relative importance and need 

for specific history items. The reasons will be further elaborated in 

"discussion" section. 

d. 	On the post-test, the instructor asked the participants or changed 

scenario to skip some required clinical tasks if the participants had 

demonstrated outstanding performance of these maneuvers during the 

management of the pretest case. The cells with missing data due to the 

skipped clinical tasks were replaced with the subject's corresponding 

pretest scores or the average post-test score from all the other 

participants, whichever was higher. 

e. 	 Internal consistency of reliability alpha was calculated for both pretest 

and posttest. Each of pretest and posttest was composed of cases with 

clinical presentations of "tachydyspnea" / " shock". It was noted that part 

of the required task-specific skills were different between the cases with 

different presentation, thus, the test items were different. For examples, 
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clinical tasks about management of pneumothorax were only required for 

the "tachydyspnea" cases, while clinical tasks about vascular access 

were weighed more in the "shock" cases. For the cells with missing data 

due to the above reason, the average scores from all the other 

participants were used. This data substitution would not have altered 

the pre- to posttest change in skills score. 

f. 	 All the data from the two experts were regarded as pretest scores 

because they finished all the four scenarios without any training session 

between. 

H2). DATA ANALYSIS 

1). Reliability of the test instrument: 

The scores from a quality examination must be both reliable and 

valid. Reliability is a precondition to validity (i.e., a set of scores cannot 

be valid if they are not reliable). In this study, item reliability of the test 

scores was estimated using Cronbach's alpha (a) . An a was 

calculated for each of the two set of clinical scores (skill and behavior). M 

score was generated by counting the frequency, and there was no item 

defined within M score so that Cronbach's alpha a could not be 

calculated. 

Three raters independently scored the performance of all subjects 

and an Inter-rater reliability was calculated using intraclass correlation 

that reflected the degree of concordance between raters' summed 
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scores. 

In addition, agreements in rank ordering of participants' 

performance score among raters does not reflect the differences in their 

mean ratings. To determine potential differences in mean scores among 

raters, a MANOVA test was used. The following excerpt from 

http://department.obg.cuhk.edu.hklResearchSupportllntraClass correlati 

on.asp explains this procedure: 

"Intraclass correlation evaluates the level of agreement between raters in 

measurements, where the measurements are parametric or at least interval. 

This method is better than ordinary correlation as more than 2 raters can be 

included, and there is a correction for correlations between raters that becomes 

apparent when the range of measurement is large. The coefficient represents 

concordance, where 1 is perfect agreement and 0 is no agreement at all. In the 

analysis of variance, F value for between raters test whether the raters 

significantly differ in their assessment. " 

Given a statistically significant F test appeared by the MANOVA, 

Newman-Keuls test was used to determine which means contributed to 

the effect. 

2). Validity of the test instrument: 

Face validity was checked by participants' responses on the 

questionnaires. Construct validity was determined by examining 

differences in mean pretest performances between residents and experts 

using a one-way MANOVA. The independent variable was "level of 

expertise", and the dependent variables were pretest clinical performance 

scores of S, M, and B. 

http://department.obg.cuhk.edu.hklResearchSupportllntraClass
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3). Learning gains: 

A two-factorial MANOVA with repeated measures was used to 

determine: (1) if the differences between the pretest and post-test mean 

scores were significantly different, (2) if there was significant learning gain 

derived from simply observing the simulation (without a training session 

between). The independent variable was the "treatment" (pretest or 

post-test) and the sequence of acting as a primary physician ("role 1s
t" 

who first acted as primary physicians or "role 2nd
" who acted as primary 

physicians next). The dependent variables were the clinical performance 

scores (S, M, and 8). 

4). Participants' clinical performance during simulation vs. their background 

To know factors that could be related to the clinical performance 

during such a mannequin-based simulation, eight variables regarding 

participants' background were collected from the questionnaires. The 

background variables included expertise, age, gender, PGY year, last 

experience involving CPR (in month), duration since last PALS training 

(in month), total blocks completed on critical care, and participants' 

confidence level. The dependent variables were clinical performance 

scores (S, M, 8). Multiple regression analysis was used to determine the 

relationship between the independent variables of participants' 

background and the dependent variables of clinical performance. 
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5). Learning gains as an assistant physician: 

Pursuing realistic simulation using high-fidelity mannequin is 

expensive, plus time and personnel consuming . To enroll several trainees 

for one training session would make the program feasible. To know if 

acting as an assistant physician in a simulation affected the learning or not, 

the residents were divided into two groups that receiving pre/post-test with 

similar case presentation and another with different clinical presentation. A 

two-factorial (Le., treatment and similarity of cases) MANOVA test with 

repeated measures was used to determine the learning gain (pre- and 

post-test score difference) between these two groups. For the groups with 

prior combination, the participants acted as a primary physician for both 

pre/post-tests. The participants with the latter combination actually 

managed a post-test problem similar to one that they experienced for 

pretest as an assistant. 

6). Equivalence in difficulty between cases 

Case difficulty might affect participants' clinical performance and their 

learning gain. To check the equivalence in difficulty between cases with 

the scenario of "tachydyspnea" and those with "shock", a two-factorial 

MANOVA (each factor with two levels) was performed. The dependent 

variables were clinical performance scores (8, M, and B); the two factors 

of independent variables were treatment (pretest or posttest) and scenario 

("tachydyspnea" or "shock"). 

7) . Factor analysis: 
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Finally, to better understand factors "behind" the three domains (5, M, 

and 8) of clinical performance in this study, a principal component factor 

analysis with varimax rotation was used to determine whether the three 

dependent variables of 5, M and 8 were independent from each other. 
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CHAPTER FOUR 

RESULTS 

A). QUESTIONNAIRE 

There was 100% return rate of participants' questionnaires (n= 20), 

only one resident did not complete all items. The evaluation questionnaire 

used a checklist with five-point Likert scale: 5: strongly agree, 4: agree, 3: 

neutral, 2: disagree, and 1: strongly disagree. 

1. BACKGROUND OF THE PARTICIPANTS 

The background of the participants is shown on TABLE 4. The 

participants were two attending physicians and 18 pediatric residents, 

with an age range of 24 to 38 years (mean of 29.1 ±4.32 years). There 

were 11 males and 9 females. The participants when they were tested 

included attending physicians (one with 3 year experience in Pediatrics 

and one with 6 in Emergency) and nine Pediatric residents of PGY -1, two 

of PGY-2, four of PGY-3, and three of PGY-4. The last involvement in 

CPR, if any, ranged from two to 34 months, with the mean of 13.11 ± 9.71 

months. One resident had never had any chance to be involved in a CPR 

event. There were five newly arrived PGY-1 residents who had never 

taken any PALS courses, and had not finished any training blocks in ED 

or ICU. For others, the duration since last PALS training ranged from two 

to 36 months. The total completed blocks of critical event training (ED and 

ICU) ranged from 0 to 16. 
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Background 

(No) 

Average 

SO 

Min 

Max 

TABLE 4. 


Background of the 20 participants 


Age PGY CPR PALS Block 

(20) (20) (19) (15) (20) 

29.10 2.70 13.11 14.07 5.58 

4.32 2.34 9.71 9.26 4.81 

24 1 2 2 0 

38 10 34 36 16 

Age: in years; GPY: participants' PGY year (staff with 3 year experience=7, 
staff with 6 year experience=10), CPR: last involvement on CPR (in 
months), PALS: last attendance of PALS (in months), Block: total blocks 
completed on critical event management, SO: standard deviation; Min: 
minimum; Max: maximum 

2. PERCEPTION OF THE QUALITY OF THE MANNEQUIN-BASED 

SIMULATION 

The response regarding quality of the mannequin-based simulation is 

shown on TABLE 5. Most (90%) of the participants felt that they were well 

briefed prior to the scenario. They enjoyed the simulation but felt stress 

(95% and 75%, respectively). They felt that the mannequin and the 

simulation environment were realistic (75%), and that the scenarios and the 

progress did simulate real patient encounters (95%), In addition , the 

available medications and equipment were considered similar with those in 

their real practice (80%). The participants felt the time was adequate for 

them to manage such a critical event (85%). 
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TABLE 5 


The participants' appraisal on quality of the mannequin-based 


simulation , expressed as number and proportion of the participants (%) 


%(n) 
Brief Stress Enjoy MaqR ScenR Med Time 

5 20 (4) 25 (5) 75 (15) 0(0) 30 (6) 40 (8) 20 (4) 

4 70 (14) 50 (10) 20 (4) 75 (15) 65 (13) 40 (8) 65 (13) 

~4 90 (18) 75 (15) 95 (19) 75 (15) 95 (19) 80 (16) 85 (17) 


3 10 (2) 20 (4) 5 (1) 25 (5) 0(0) 20 (4) 15 (3) 


2 0(0) 5 (1) 0(0) 0(0) 5 (1) 0(0) 0(0) 

Brief: well briefed prior to the simulation, Stress: felt stressful, Enjoy: enjoy 
the simulation , MaqR: the mannequin and the environment being realistic, 
ScenR: the scenario and its progress being realistic, Med: the available 
medications and equipment being similar to those in real practice, Time: 
time being adequate for simulation, 

3. SELF-EVALUATION OF PERFORMANCE 

When asked about of their performance during the simulation (TABLE 

6), about half of the participants felt they had performed well and had an 

adequate knowledge bases (55%) to manage the simulated cases. Most of 

them felt that they showed leadership (90%), and remained free from 

environment distractions (75%). Only half of them thought they 

communicated well with the "patients' family" and assistants, or effectively 

used the available sources of help. 

We summed up scores of the above six items as a "confidence index", 

which was then graded as: 6 - 8: very unconfident, 9 -14: unconfident, 15

20: neutral, 21 - 26: confident, 27 - 30: very confident. Confidence 

Index= sum of (correct action + good knowledge basis + good leadership + 

communication + resource usage + free from distraction). The confidence 
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index of all the participants was 21 .25 ±2.55, and ranged from 17 to 25. 

Eleven of the participants felt confident regarding their clinical performance 

on the simulation examination. Nine participants indicated a neutral feeling 

on confidence. 

TABLE 6: 

The participants' self-evaluation (confidence) on their clinical 


performance during the simulation expressed as number and proportion 

of the QarticiQants {%} 


Action Knowl Leader Commu Source Dist 

5 0(0) 10 (2) 5 (1) 0(0) 0(0) 15 (3) 


4 55 (11) 45 (9) 85 (17) 50 (10) 50 (10) 60 (12) 


~4 55 (11) 55 (11) 90 (18) 50 (10) 50 (10) 75 (15) 


3 35 (7) 25 (5) 5 (1) 40 (8) 30 (6) 10 (2) 


2 10 (2) 20 (4) 5 (1) 10 (2) 20 (4) 15 (3) 


Action: having correct action, Knowl: having adequate knowledge basis, 
leader: showing leadership, Commu: communicating clearly, source: 
using available sources effectively, Dist: being free from distraction 

4. PERCEPTION OF LEARNING EFFECTS FROM THE MANNEQUIN-BASED 

TRAINING COURSE 

All the participants expressed a favorable view to the learning effects of 

the simulation-based training program (TABLE 7). They thought that the 

debriefing session effectively clarified important issues of the scenarios, and 

the debriefing session would result in changes in their future behaviors 

when managing critical events. All of them declared that the 

simulation -based training was very helpful in learning the management of 

critical events, and that it help the faculty/staff in teaching the management 
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of critical events. Most of the residents (83%) thought acting as an assistant 

physician in a simulation would not impede their learning. All of them were 

very happy to spend unpaid time to be trained/tested with this 

mannequin-based simulation. They valued the mannequin-based simulation 

as an assessment tool for physicians' clinical competence being effective 

and reliable. They supported the purchase of such an expensive mannequin 

to train/assess health providers' competences specific to pediatric critical 

events. 

TABLE 7: 
The participants' opInion regarding the learning effects of the 

mannequin-based simulation: 

sca;e %(n) Debrief Change Hlearn Hteach Assist Happy Effect Realiabl Value 

5 67 (12) 44 (8) 89 (16) 78 (14) 22 (4) 50(10) 40 (8) 40 (8) 70 (14) 

4 33(6) 50(9) 11 (2) 22(4) 61(11) 50(10) 60(12) 50(10) 25(5) 

> 4 100 (18) 94 (17) 100 (18) 100 (18)83(15) 100(20) 100(20) 90(18) 95(19) 

3 0 (0) 5 (1) 0 (0) 0 (0) 15 (3) 0 (0) 0 (0) 10 (2) 5 (1) 

2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
Debrief: effective debriefing; Change: resulting in behavior change; Hlearn: help 
on learning; Hteach: help on teaching; Assist: impeded learning as an assistant; 
Happy: being happy for attendance; Effect: an effective assessment tool ; 
Realiabl: a reliable assessment tool; Value: expenses being valuable 

5. PERCEPTION OF FUTURE USAGE OF THE MANNEQUIN-BASED 

TRAINING PROGRAM 

As shown on TABLE 8, all the participants favored the future usage 

of the mannequin-based simulation for a training program in residency and 

for refresher training in pediatrics and pediatric emergency. About half of 
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them favored its usage in subspecialty training (53%), but a smaller 

number (47%) felt that it could be used for a licensure examination. Many 

of them supported the use of the mannequin-based simulation in 

recertification examination to practice pediatrics and emergency (58%), or 

as a part of resident inter-training evaluation (63%), 

TABLE 8 
\/;1a ue 0 f f tu ure use 0 fthe mannec . b d t ..Uln ase raining course 

Yes Training Evaluation 

(N=19) Resid Subspe_ Refresh Intrain Licen Recerti 
n 19 10 19 12 9 11 
% 100 53 100 63 47 58 

Resid : usage in residency training; Subspe: usage in subspecialty 
training; Refresher: use as a refresher training in pediatrics and pediatric 
emergency; Intrain: use as a part of resident in-training evaluation; Licen: 
use as a part of licensure examination; Recerti : use in recertification 
examination 

6. WRITTEN RESPONSES FROM THE PARTICIPANTS 

Most of the participants expressed that the simulation was very realistic 

in portraying "real critical events". One said, "It was interactive and much 

better than standard CPR model", "We were responding to the "patient" 

instead of the description provided by instructors or monitors". Two of the 

participants especially applauded the instructor for her feedback. Three 

participants highly praised the training program about its learning effects. 

They cited, "Being "hands on" critical skill learning", "The simulation helped 

learning to manage different critical situations". One stated that the 

simulation enhanced learning beyond the task-specific skill level, "It helped 
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enhance confidence in clinical decision making". Several students wished to 

have the simulation administered regularly, or make it as a part of pediatric 

residency. One asked for more varieties of cases . 

Two participants expressed that they were unfamiliar with the artificial 

breath sounds and milieu. One felt the mannequin was still a fake "patient" 

because of the rubber skin, no color change, no vascular access .. . etc. One 

cited the picture on monitor should have better correlation with "patient's" 

vitals. Four participants said the simulation was somewhat unreal; two of 

them thought the simulation imitated the patient encounters in "community" 

or "rural" situation, rather than in a tertiary hospital. They suggested having 

more health personnel to assist getting equipment, hooking intravenous fluid , 

giving drugs ... etc. 

B). Quality of test instrument and rating scores 

1. Reliability (internal consistency, Cronbach 's coefficiency a ) 

For both pretest and post-test, this study design resulted in sets of 38 

task-specific skill (S) items and 15 behavior (B) items (see Appendix 5a-5d). 

The Cronbach's coefficiency a among pretest! post-test on Sand B score 

were shown on TABLE 9. 
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TABLE 9. 

The Cronbach's a among pretesU post-test Sand M score. 


a 

S Pre-test 0.93 

Post-test 0.54 

B Pre-test 0.91 

Post-test 0.85 

The internal consistency (Cronbach's a ) of the pretest Sand B plus 

post-test B scores was above the gold standard of 0.80 (i .e., 0.93, 0.91 and 

0.85, respectively). The reliability of post-test S score was poor (0.54). 

2. 	Inter-rater reliability 

The inter-rater agreement on S, M, and B scores were determined by 

intraclass correlation coefficients (ICC) (see TABLE 10). Generally, it is 

accepted that inter-rater reliability can be defined as follows: poor (ICC 

<0.40), fair (ICC 0.40 - 0.59), good (ICC 0.60 - 0.79) and excellent (ICC 

~0 . 80). In this study, the level of inter-rater concordance of clinical 

performance on S, M and B scores was determined to be good to excellent. 

TABLE 10. 
Estimated reliability via intraclass correlation coefficients (ICC) for ratings 
on S, M, and B scores, among three raters (subiects =42, raters =3). 

Performance scores Skill Medication Behavior 

I ntraclass correlation 

coefficient (ICC) 0.83 0.71 0.72 

The above good to excellent concordance findings reflects 
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agreements in rank ordering of participants among raters but does not 

reflect if there were differences in mean ratings . To determine potential 

differences in mean scores among raters , a MANOVA test (TABLE 11-12) 

was used. This analysis indicated a significant difference of mean scores on 

S, M, and B score (p<O.01) among three raters. Therefore, the agreement 

among three raters was high, but the mean performance scores derived 

from them were significantly different. The data of the S, M, and B scores on 

three raters was provided in TABLE 13. 



TABLE 11. 


MAN OVA test of Clinical performance score among three raters 


Test Value F Effect 
df 

Error 
df 

p 

Intercept Wilks 0.046 871.911 3 127 0.000 

Raters Wilks 0.786 5.421 6 254 0.000 

TABLE 12 
U· . t I . f· d··d I r· I rfmvana e analysIs uSing ANOVA C ompanson 0 In IVI ua c Imca pe ormance mean score among th ree raters 

df Skill Medication Behavior 

SS MS F P SS MS F SS MS F P 
Intercept 1 86.52 86.52 2403.72 0.00 5951.64 5951.64 800.8 0.00 81.69 81.69 1911.25 0.00 

Raters 2 0.63 0.31 8.7 0.00 97.94 48.97 6.59 0.00 1.2 0.6 14.01 0.00 
Error 129 4.64 0.04 958.75 7.43 5.51 0.04 

Irotal 131 5.27 1056.68 6.71 

TABLE 13 
The S, M, and B scores on three raters 

Rater 
Skill Medication Behavior 

Mean SD Mean SD Mean SD 
1 0.76 0.22 5.57 2.69 0.70 0.25 
2 0.91 0.14 7.64 2.65 0.92 0.14 
3 0.76 0.20 6.93 2.84 0.74 0.22 



45 

After obtaining a statistically significant F test from the MANOVA, 

Newman-Keuls test was used to determine which means contributed to the 

effect; that is, which group(s) was particularly different from each other. The 

mean "5" score differences were found between rater 2 and rater 1 plus 

rater 2 and rater 3, but not between rater 1 and rater 3 (see TABLE 14a). 

This finding can be summarized as follows: Rater1 Rater3 Rater2 

TABLE 14a 
Using Newman-Keuls Test to determine the differences of "5" score 

means between raters. (Probabilities for Post Hoc Tests. Error: 
Between MS =.03600, df =129) 

Raters 1 2 3 

1 0.000351 0.946250 

2 0.000351 0.000789 

3 0.946250 0.000789 

Figure 3a below is a visual presentation of the "S" scores among three 

raters. It indicates that the "5" scores from rater 2 were significantly higher 

than those from rater 1 and rater 3. 
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$ Task-specific skill 
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Raters 
FIGURE 3a. Box plot s of the task-specific skill score (8) scores derived from 

three raters 

The Newman-Keuls test was also used to determine the differences of 

"M" score means between raters (see TABLE 14b). The mean "M" score 

differences were found to be significant between rater 1 and rater 2 plus 

rater 1 and rater 3, but not between rater 2 and rater 3 (see TABLE 14b). 

This finding can be summarized as follows: Rater2 Rater3 Rater1 
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TABLE 14b 

Using Newman-Keuls Test to determine the differences of "M" score 

means between raters. (Probabilities for Post Hoc Tests. Error: 

Between MS =7.4321 , df = 129) 

Raters 1 2 3 

1 0.001044 0.018978 

2 0.001044 0.220258 

3 0.018978 0.220258 

Figure 3b illustrates the finding of differences in "M" scores among the 

three raters. Contrary to differences in the S scores, rater 1 now is 

significantly lower than rater 2 and rater 3. 

$ Medication 
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FIGURE 3b. Box plots of the medication (M) scores derived from three raters 
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Finally, the Newman-Keuls test on the mean "8" scores indicated 

significant differences similar to that of the S scores - the mean score 

differences were found between rater 2 and rater 1 plus rater 2 and rater 3, 

but not between rater 1 and rater 3 (see TABLE 14c). This finding can be 

summarized as follows: Rater1 Rater3 Rater2 

TABLE 14c 


Newman-Keuls Test findings of significant differences of "B" score 


means between raters. (Probabilities for Post Hoc Tests. Error: 


Between MS =0.04274, df = 129) 


Raters 1 2 3 

1 0.000024 0.386358 

2 0.000024 0.000051 

3 0.386358 0.000051 

The visual presentation of the "8" scores among three raters is shown in 

FIGURE 3c indicating "B" scores from rater 2 were significantly higher than 

those from rater 1 and rater 3. 
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$ Behavior 

.8 --! 

FIGURE 3c. Box plots of the behavior (8) scores derived from three raters 

3. Validity 

1) Face validity: 

According to participants' responses on the questionnaire (mentioned 

above), most of residents felt the mannequin and the simulation 

environment were realistic, and that the scenarios and their progress could 

simulate a real patient encounters. They thought the debriefing session 

effectively clarified important issues of the scenarios that would result in 

changes in their future behaviors when managing critical events. The 

residents declared that the high-fidelity simulation was very helpful in 

learning the management of critical events. The comments of both residents 

and experts provided clear evidence of face validity. 
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2) Content validity 

The script and rating instrument were constructed based on a blue print 

including all the required clinical skills related to the management of cases 

with "shock" and "tachydyspnea". The scenario and script (flowchart) had 

been reviewed and deemed life-like by the experts. This feedback 

provided clear evidence of content validity. 

3) Construct validity 

It has been known that clinical experience is important in developing 

management skills.25To provide evidence of construct validity, a comparison 

was made between the pretest clinical performance scores of residents and 

those of experts. Both TABLE 15 and FIGURE 4a-4b show that all the 

pre-test performance scores (8, M, and B) were higher in experts than those 

in residents. 

TABLE 15 

The pre es t tS, M, an dB scores for resl en s and experts. 
·d t 

N 
Skill Medication Behavior 

Mean SO Min Max Mean SO Min Max Mean SO Min Max 

Resident 18 0.64 0.140.42 0.9 5.78 2.12 3 12 0.65 0.180.32 0.89 

Expert 8 .94 0.020.920.96 8.58 1.537.33 12 0.96 0.020.93 1 



51 

$ Task-specific skill $ Behavior score 

1 

I':·' .",'::1 I == 
.8 

.. . , .. . 
I ......... - --I 
. .. . .. .

. 6 . . ...... . . . .. . 

T ~I-
.4 

.2 

. . . . .. . 

Expert Resident 

FIGURE 4a: Box plots of Skill and behavior score between residents and 

experts. 
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FIGURE 4b: Box plots of medication score between residents and 

experts, 
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When considering the three variables of S, M, B score as a whole, a 

MANOVA test yielded significant difference (F=14.21 , p< 0.01) between 

residents and experts (see TABLE 16). Therefore, construct validity 

existed. 

TABLE 16 
MANOVA t est on the pre es ttl"I rformance 0 f experts an d resl'd tc Inlca pe en s 

Test Value F Effect 

df 

Error 

df 

p 

Intercept Wilks 0.02 361.22 3.00 22.00 0.00 

Expertise Wilks 0.34 14.21 3.00 22.00 0.00 

To understand if there was difference of individual mean performance 

score (S, M, and B) between experts and residents, one-way ANOVA tests 

were performed. The result (see TABLE 17) showed experts had 

significantly higher pretest performance scores than those of residents (at 

P =0.05 level) on skills performed (S), medications administered (M), and 

behavior displayed (B). 



TABLE 17 
The univariate result for S, M, and B score: learning gains derived from the mannequin-based training course 

General Skill Medication Behavior 

Effect 
df 

SS MS F P SS MS F P SS MS F P 

Intercept 1 13.74 13.74 914.34 0.00 1142.26 1142.26 294.60 0.00 14.28 14.28 626.92 0.00 

Expertise 1 0.51 0.51 33.62 0.00 43.59 43.59 11 .24 0.00 0.52 0.52 22.97 0.00 

Error 24 0.36 0.02 93.06 3.88 0.55 0.02 

Total 25 0.87 136.65 1.07 
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Given that the above analyses have provided evidence of both 

reliability and validity of scores within the three domains, attention will now 

be directed toward the learning outcomes of the study. 

C). Learning gains derived from the mannequin-based training course 

Descriptive statistics from 18 residents are provided in Table 18, which 

display: (1) pre- and post-test scores (8, M, and B), (2) the scores for 

residents who acted as primary physicians first (role 1 s~ , and the scores for 

residents who acted as a primary physician next (role 2n~ . A matrix of raw 

scores can be found in Appendix 6. 
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TABLE18 

Descriptive statistics (mean, standard deviations, minimum and maximum S, M, B scores) of residents' clinical 

performance between pretest and posttest 

Effect N 
Skill Medication Behavior 

Mean SO Min Max Mean SO Min Max Mean SO Min Max 

Pretest 18 0.64 0.15 0.42 0.90 5.78 2.12 3.00 12.00 0.65 0.18 0.32 0.89 

Post-test 18 0.93 0.04 0.86 0.97 6.81 2.23 1.67 10.67 0.85 0.12 0.57 0.98 

Role 1st 18 0.74 0.21 0.42 0.97 6.56 2.10 3.67 12 0.71 0.20 0.32 0.96 

Role 2nd 18 0.82 0.14 0.54 0.97 6.04 2.34 1.67 10.67 0.79 0.16 0.47 0.98 

Role 1 st: residents who acted as primary physicians first; Role 2nd: residents who acted as a primary physician next 
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A perusal of Table 18 indicates an upward shift in pre- to post-test mean 

scores. In addition, a scan of means between role1 st to role 2nd shows 

them to be similar. To determine if there was a significant difference in pre- to 

post-test and in role 1st to role 2nd mean scores, a two-factorial MANOVA with 

repeated measures was used (the results are presented in TABLE 19). 

TABLE 19 

The results of a two-factorial (pre- to posttest and role 1 stto role 2n~ 

MANOVA with repeated measure of significant differences in S, M, and B 

mean scores 

Effect Test Value F Effect 

df 

Error 

df 

p 

Intercept Wilks 0.02 663.64 3 32 0.00 

Pre-post Wilks 0.32 22.88 3 32 0.00 

Role 1st..2nd Wilks .82 1.45 3 32 0.25 
st no 0(.Role 1 . residents who fll .... t ?cted as primary phYSICians, role 2 . reSidents 

who acted as primary physicians next. 

When the mean differenr ps of the three clinical performance scores (S, 

M, and B) were simu lLlllc ~ u s ly analyzed , there was a significant 

enhancement from the prp1r-s to the post-test scores (P<0.001). Table 19 

also indicates that the performance scores were considered the same 

between the residents who assumed the role of the primary physician first 

versus those who assume,-: til t role second no matter the sequence of 

acting as a primary physician (as indicated by role 1st _ 2n~ p=0.248) . The 

1strole to 2nd analysis ca l~ be interpreted that there was no significant 

learning gain derived from si il lp ly observing the simulation (without a training 

session between). Therelore, the key component of learning using 
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mannequin-based simulation was the videotaped feedback session, but not 

the simulation itself, although the involvement of a "life-like" encounter would 

significantly enhance the learning. 

To determine which mean clinical performance scores (S, M, and B) 

was significantly enhanced from pre- to post-test, a univariate comparison 

was made and the results are summarized in TABLE 20. Significant effect 

appeared only in Sand B scores (P <0.001). The M scores were not 

significantly different between pretest and post-test at 5% level. 

TABLE 20 

The univariate result for comparison of individual pre- and post-test S, M, and B 

~eneral df Skill Medication Behavior 
~ffect SS MS F P SS MS F P SS MS F P 
Intercept 

Pre-post 

Error 

1 

1 

34 

22.0822.081955.730.00 

0.77 0.77 68.50 0.00 

0.38 0.01 

1427.16 1427.16301.500.00 

9.68 9.68 2.04 0.16 

160.94 4.73 

20.2420.24894.72 0.00 

0.37 0.37 16.16 0.00 

0.77 0.02 

Total 35 1.16 170.62 1.13 

scores. 

The univariate findings are illustrated in Figures 3a and 3b, which 

provide the mean scores along with the standard error of measurement for 

pre- and post-test S, M, B mean scores. Pre-test S, M, and B mean scores 

were lower than the corresponding post-test scores. Figure 3a shows that 

the post-test scores appear to have improved more in task-specific skill 

than in behavior. 
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FIGURE 5b: Medication scores between pretest and post-test. 
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In summary, the high-fidelity mannequin-based training session could 

significantly enhance residents' clinical performance on the management of 

critical cases presenting to the ED. The learning gains were found to be most 

remarkable on skill performance, followed by behavior displayed, and the least 

on medication administered. 

D). Participants' clinical performance vs. their background 

The raw data of the participants' background and their clinical 

performance are provided in Appendix 7. To understand the relationship 

between the participants' clinical performance and their background factors, 

multiple regression analysis was used. The criterion (dependent) variables 

were the clinical performance score of pretest and post-test S, M, and B. The 

predictor (independent) variables were the participants' background factors . 

The regression summary for pretest is displayed in TABLE 21, and post-test 

in TABLE 22. The magnitude of Beta coefficients indicates the relative 

contribution of each independent variable in the prediction of the dependent 

variable. Only the duration since last involvement in CPR events could 

predict the post-test performance (S, M, and B). In addition, gender was 

weakly related to the post-test S scores. 



o 
CD 

TABLE 21 

Regression summary for pretest S, M, and B scores based on participants' background. 

Pre-5, R= .86349800 R2= .74562880 Adjusted 

R2= .62592470, F(8,17)=6.2289 p<.00078 

Std. Error of estimate: .11384 

Pre-M, R= .75582412 R2= .57127010 Adjusted 

R2= .36951485, F(8,17)=2.8315 p<.03392, 

Std. Error of estimate: 1.8563 

Pre-B, R= .77704469 R2= .60379846 Adjusted 

R2= .41735067, F(8,17)=3.2384 p<.01986 

Std. Error of estimate: .15790 

Beta Std.Err 

of Beta 

B Std.Err. 

of B 

t(17) p-Ievel Beta Std.Err 

of Beta 

B Std. Err 

of B 

t(17) p-Ievel Beta Std.Err 

of Beta 

B Std. Err 

of B 

t(17) p-Ievel 

Intercept -22.04 17.29 -1.27 0.22 253.73 281 .94 0.90 0.38 -9.65 23.98 -0.40 0.69 

Expertise 0.24 0.41 0.09 0.16 0.59 0.56 -0.32 0.53 -1.61 2.62 -0.62 0.55 0.04 0.51 0.02 0.22 0.09 0.93 

Age 0.06 0.39 0.00 0.01 0.16 0.87 0.72 0.50 0.32 0.22 1.45 0.17 0.10 0.48 0.00 0.02 0.21 0.84 

Sex 0.33 0.19 0.13 0.07 1.70 0.11 -0.20 0.25 -0.96 1.20 -0 .80 0.44 0.18 0.24 0.08 0.10 0.76 0.46 

PGY 0.20 0.35 0.01 0.02 0.57 0.58 0.14 0.45 0.10 0.32 0.30 0.77 0.33 0.44 0.02 0.03 0.75 0.46 

CPR 0.07 0.16 0.00 0.00 0.44 0.66 -0.09 0.21 -0.01 0.02 -0.45 0.66 -0.08 0.20 -0.00 0.00 -0.42 0.68 

PALS 0.07 0.19 0.00 0.00 0.39 0.70 0.04 0.24 0.00 0.02 0.17 0.87 0.23 0.23 0.00 0.00 0.98 0.34 

Tblock 0.51 0.40 0.02 0.01 1.26 0.22 -0.07 0.52 -0.03 0.22 -0.13 0.90 0.40 0.50 0.01 0.02 0.79 0.44 

Confid 0.15 0.21 0.01 0.02 0.72 0.48 0.18 0.27 0.16 0.25 0.67 0.51 0.12 0.26 0.01 0.02 0.46 0.65 

Expertise: expert or resident; Age: in years; PGY: participants' PGY year (staff with 3 year experience=7, staff with 6 year 

experience=10), CPR: last involvement on CPR (in months), PALS: last attendance of PALS (in months), Tblock: total blocks 

completed on critical event management, Confid: participants' confidence level 
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TABLE 22 

Regression summary for post-test S, M, and B scores based on participants' background. 

Post-S, R= .72498323 R2= .52560068 Adjusted 

R2= .30235394, F(8,17)=2.3543 p<.06562, 

Std. Error of estimate: .02689 

Post-M, R= .88719022 R2= .78710648 Adjusted 

R2= .68692130, F(8,17)=7.8565 p<.00020, 

Std.Error of estimate: 1.1283 

Post-B, R= .78469027 R2= .61573882 Adjusted 

R2= .43491003, F(8,17)=3.4051 p<.01607, 

Std. Error of estimate: .08100 

Beta Std. Err. 

of Beta 

B Std.Err. 

of B 

t(17) p-Ievel Beta Std.Err. 

of Beta 

B Std. Err. 

of B 

t(17) p-Ievel Beta Std. Err. 

of Beta 

B Std. Err. 

of B 

t(17) p-Ievel 

Intercept 1.32 4.08 0.32 0.75 114.91 171 .37 0.67 0.51 0.90 12.30 0.07 0.94 

Expertise -0.73 0.55 -0.05 0.04 -1.32 0.21 -0.07 0.37 -0.30 1.59 -0.19 0.85 -0.16 0.50 -0.04 0.11 -0.32 
.

0.76 

Age 0.07 0.53 0.00 0.00 
I 
0.14 0.89 -0.56 0.35 -0.21 0.13 -1 .58 0.1 3 0.61 0.47 0.01 0.01 1.28 0.22 

Sex 0.69 0.26 0.05 0.02 2.62 0.02 -0.16 0.18 -0.68 0.73 -0.94 0.36 0.14 0.24 0.03 0.05 0.60 0.56 

PGY 0.90 0.48 0.01 0.00 1.89 0.08 0.62 0.32 0.38 0.19 1.93 0.07 0.42 0.43 0.01 0.01 0.98 0.34 

CPR -0.52 0.22 -0.00 0.00 -2.37 0.03 -0.60 0.15 -0.06 0.02 -4.07 0.00 -0.64 0.20 -0.00 0.00 -3.24 0.00 

PALS 0.23 0.25 0.00 0.00 0.91 0.38 -0.12 0.17 -0.01 0.01 -0.68 0.50 -0.09 0.23 -0.00 0.00 -0.39 0.70 

Tblock 0.31 0.55 0.00 0.00 0.57 0.58 0.35 0.37 0.12 0.13 0.95 0.36 -0.54 0.49 -0.01 0.01 -1.09 0.29 

Confid -0.01 0.28 -0.00 0.00 -0.02 0.98 -0.12 0.19 -0.10 0.15 -0.65 0.52 0.19 0.25 0.01 0.01 0.75 0.46 
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type (p= 0.10). This analysis indicates that while the cases between clinical 

presentations differed significantly in difficulty the learning gains derived from 

the training sessions were the same. This finding may be an artifact of the 

research design employed (Le., a balance design among cases). 

TABLE 26 


Factorial MANOVA test for clinical performance score (S, M, B) based on 


treatment (pre/post-test) and scenario clinical presentation (tachydyspnea or 


shock) 

Effect Test Value F Effect 

df 
Error 

df 
P 

Intercept Wilks 0.01 856.87 3.00 30.00 0.00 

Tx Wilks 0.26 29.19 3.00 30.00 0.00 

Scenario Wilks 0.76 3.20 3.00 30.00 0.04 

Tx*scenario Wilks 0.81 2.29 3.00 30.00 0.10 

Tx: pre/post-test; Scenario: clinical presentation of "tachydyspnea" or 

"shock"; *: interaction 

Visual presentation of performance scores in cases with "tachydyspnea" / 

"shock" stratified by "treatment" is shown as FIGURE 7. When looking at 

FIGURE 7, it is important to note that the medication scale is on the left axis 

only and the skills and behavior scale in only on the right axis. These scales 

apply equally to the axes of both pre- and posttest illustrations and must be 

interpreted by attribute plotted . 

Figure 7 shows that the participants tended to have higher pretest Sand 

B scores and higher post-test M and B scores in cases with "shock" than cases 

with "tachydyspnea". The management for cases with shock might be easier in 
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difficulty and complexity (e.g., The skills involving detection and management 

of pneumothorax in "tachydyspnea" cases were not necessary in "shock" 

cases). However, the difference in case difficu ~ty could not impact on the total 

learning gains in this study because of the balanced study design. 

Skill Behavior; T: "tachydyspnea" cases, S: "shock" cases 

FIGURE 7. The clinical performance scores in clinical presentation of 

"tachydyspnea" / "shock", stratified by "treatment" (pretest /post-test) 

G). Factor analysis for clinical performance 

To determine the independence of clinical performance variables (S, M, 

and B), factor analysis with Varimax rotation was used and the findings are 
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summarized in TABLE 27 and displayed in FIGURE 8. Table 28 indicates that 

"Factor 1" accounted for most part of the variance from Sand B score, while 

"Factor 2" accounted for most of the variance from M score. Therefore, "S" and 

"B" scores appear to be measuring the same attribute (skill & behavior), and 

"M" (Factor 2) is seen to be independent of skills &behavior. These two factors 

account for 76% of the total score variance. 

TABLE 27 

A principal component factor analysis with varimax rotation for 

clinical performance variables 

Scenario Rater Factor 1 Factor 2 

Skill 1 

2 

3 

0.918 

0.909 

0.865 

0.075 
---------------------

-0.021 
------------------

0.345 

Medication 1 

2 

3 

0.253 
------------------------

0.105 
------------------------

0.091 

0.720 

0.795 

0.909 

Behavior 1 

2 

3 

0.639 

0.736 

0.707 

0.599 
----------------------

0.275 
----------------------

0.601 

Expl. Var 3.950 2.898 

Prp. Totl 0.439 0.322 
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0.6 factor 1 

0.4 factor 2~ 
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0.0 
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Factor 1 


FIGURE 8: The clinical performance scores from three raters 


could be grouped into two "behind" factors using a principal 


component factor analysis with varimax rotation 


The clinical performance variables of S, M, and B may be minimized 

into two variables: one for clinical skills and another for medication 

behavior. This issue is elaborated within the discussion. 
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CHAPTER FIVE 

DISCUSSION 

This study has clearly shown that the use of high-fidelity simulations can 

enhance pediatric emergency training about managing critical cases. The 

simulation assessment was reliable, valid and feasible. Elaboration of the results 

(based on the six research questions) is provided: 

1. Participants' questionnaire responses. 

The participants in this study clearly enjoyed the simulation-based training. 

The majority of participants indicated that the mannequin, the scenario and the 

setting were realistic, and the simulation training would change their future 

practice. Even experienced practitioners felt that the simulation, which was 

embedded with clinical skills, was useful for critical case management. 

Published evaluations stated that the simulations were always highly rated by 

trainees regardless of whether the simulation was purely screen-based or used 

a full scale, high-fidelity mannequin. 13,20,38,41 On the other hand, complaints 

about simulations have always focused on the realism of the mannequin since 

the first comprehensive anesthesia simulation.2 This study that used a 

high-fidelity mannequin had similar findings. 

2. Justification for a high fidelity mannequin 

Some authors tended to conclude that the simplicity of the mannequin 

would not have an impact on the quality and the effectiveness of the simulation 

assessment and training. This study can neither support nor refute this 
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conclusion since the participants' experiences were based on a single 

mannequin model without a control. Up to now, there has been no report 

dealing with the participants' experiences on mannequin models of different 

levels for comparison. In addition, most of the studies that reported the quality 

and the effectiveness of a simulation were based on evaluation questionnaires. 

7,18,24,25,26 The perception of participants regarding the quality and 

effectiveness of simulation were subjective, and cannot be used for 

comparison across different mannequin models. The quality and effectiveness 

of a simulation must be evaluated with an instrument that generates reliable 

and valid scores. A high-fidelity mannequin can help a learner get into the 

"near real patient encounter" at a higher level of involvement than can 

low-fidelity mannequins. According to the "encoding specificity" hypothesis of 

human memory,39 learning is maximized when the conditions within the 

learning and practice situations are similar. Thus, the experiences physicians 

obtain in an emergency department are best reflected in a "near real" 

emergency setting. The degree of the simulation realism will impact on 

participants' performance and the accuracy of assessment for physicians' 

clinical competence. 

The degree of simulation realism is closely related to the expenditure. If 

the mannequin and setting were to become more realistic, the associated cost 

would also increase proportionally. Acquisition costs of such a high-fidelity 

mannequin is known to exceed $250,000, with an annual maintenance fee of 

between $10,000 and $167,250.25
, 40 Most of the participants in this study had 
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an intuition that acquiring such an expensive mannequin to train/assess health 

providers' competence was valuable. Many expressed the desire for more 

exposure to the simulation training and receiving more varieties of simulation 

cases. However, for economic analyses, a controlled study using simple and 

high fidelity mannequin for simulation should be performed for comparison, 

and the critical components that guaranteed an effective simulation should also 

be worked out. 

3. Quality of the simulation examination 

A quality examination must be both reliable and valid . In this study, 

validity (i .e., face validity, content validity, and construct validity) of the test 

instrument was evident. The item analysis, with only a component of "history 

collection" deleted, showed good to excellent internal consistency on the 

entire clinical performance score except the post-test S score. The poor 

internal consistency of post-test S score could be explained by the 

post-training "ceiling effect", meaning almost all the residents achieved 

excellent performance after the training session. As a result, the variability of 

post-test total score decreased and Cronbach's coefficiency a diminished. 

The low a value of post-test S score in this study supported the evidence of 

effectiveness of the training session, but not poor reliability of the test score. 

Reported studies on instrumentation15,20,23 found that internal 

consistency of item score tended to be low to good (0.27-0.87). Kurrek 

reported the Cronbach's alpha of two 5-item scenarios were 0.27 and 0.28.23 

http:0.27-0.87
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The investigators eliminated four noncontributing items that had decreased 

the reliability of their scores. This removal resulted in an improvement of 

Cronbach's alpha from 0.27 to 0.66. Dropping of noncontributing items is 

acceptable strategy since the primary goal of measurement is to obtain 

reliable scores but the strategy of dropping items may compromise content or 

construct validity. The decision to drop or not to drop items is a judgment 

call. In this study, it was found necessary to drop all items dealing with 

additional history taking because of a lack of agreement among the raters of 

the relative importance and need for specific history items. Further, most 

reported studies on use of simulation start with a brief presentation of 

relevant historic information since the focus tends to be on improving 

teamwork, procedures, and problem solving. In real emergency situations, 

the historical information tends to be provided by paramedics or the families 

immediately on the patients' arrival. With the initial history information, 

physicians could start planning and executing proper management. Thus, 

history taking was not that critical in a critical emergent situation , such as the 

cases with shock or tachydyspnea of this study. Thus, given the confusion 

among raters and the presentation of critical history to the residents prior to 

their management of the cases, this component was justifiably dropped from 

this study. 

The internal consistency of reliability was determined to be good to 

excellent after history items were removed. The improvement of test quality 

in this study was contributed to refinement of the rating instrument and the 
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rating operation , which included: 

a). The test items were carefully constructed to be congruent with and 

completely covering objectives. Instead of giving measured attributes with 

general description , every attribute was broken down into several 

specifically defined items without gaps or overlap. It was easy to respond 

to the questions. This itemization could especially improve the reliability of 

rating "behavior" attributes such as assertion, communication , leadership 

and workload distribution, which would be subjective if evaluated 

generally using a Likert scale. 

b). In contrast to the previous reports that participants' performances were 

always assessed as a "team",6,7,9,11-16,20,22 this study had participants be 

assessed individually. The participants rotated to act as a primary 

physician who carried out all the required clinical skills so that there was 

no confusion in defining whom should be rated . 

c) In this study, all the raters were familiar with the scenarios and rating 

instrument. 

d) The item of "history collection" was found to be a non-contributing one, and 

was justifiably dropped from this study. 

e) Videotapes in this study provided a satisfactory view and sound for 

evaluating the performance when available. 

The inter-rater concordance on medication score and behavior score 

were lower than that on skill score, and which could be explained by: 

i. "M" score involved complicated prescription habits other than knowledge 
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and clinical skills. The degree of correctness and inappropriateness of 

medication could not be quantified. In addition , the gold standard of 

prescribing medication was hard to define during a flexible simulation 

process. The "M" score in this study could only be generated by counting 

the medication frequency. As a result, its inter-rater reliability was reduced 

and internal consistency of the test could not be checked. To accurately 

measure "medication" behavior has been a great challenge. Future 

improvement of the rating instrument for giving medication is needed. 

II. 	 Measuring "behavior" attributes was relatively subjective. Although the 

"behavior" attributes in this study had been broken down into specific 

items, the dichotomous scale might still give difficulty in aggregating one 

single rating for a behavior varied across one simulation. 

To solve the "behavior" rating problems, the rating checklist could be 

refined by itemization and using multiple-point scale (e.g., done, tried, not 

done). However, there was always a trade-off effect between number! 

complexity of the test items and its feasibility. More items with more points for 

scale could prolong the rating time and make the rating during simulation 

impossible. Using the rating instrument constructed for this study, the rater 

who facilitated the simulation and rated participants directly felt there was no 

difficulty in doing these tasks simultaneously. Although the mean scores 

derived from the three raters were found to be different, the inter-rater 

agreement was determined to be good to excellent. 

Using factor analysis, "S" and "8" scores were found actually measuring 
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a single "behind" factor (Le. physicians' clinical competence) but representing 

two different cognitive levels. Therefore, for measuring physicians' clinical 

performance, "s" and "8" scores could be combined as a single attribute; and 

for research interest, they could be separated for observation. 

4. Learning gains 

The learning gains derived from mannequin-based simulations have 

been determined using various evaluation strategies: written test of 

knowledge,8 verbal responses, OSeE (objective structured clinical 

examination),18 and simulation examination.5,9,11-16,2o,22,23 Only a 

mannequin-based simulation examination could accurately measure 

physicians' comprehensive clinical "hands-on" skills in a safe, standardized 

condition. 

In this study, mannequin-based simulation was used both as an 

examination and training tool. The post-test was delivered immediately after 

training session, thus, the pre- to post-test score difference represented the 

short-term learning gains derived from the training session. The score 

enhancement effect was shown to be significant, thus, the training session 

was proven to be effective for both teaching and learning. The performance 

enhancement was most prominent in the task-specific skills (S), followed by 

practice behavior (8 score), and the least in medication behavior (M score). 

This finding indicated that, shortly after the training session, task-specific skills 

could be improved more easily, than practice behavior and prescription 
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behavior. Referring to the taxonomy of learning (i.e., cognitive learning, ski ll 

learning, and affective learning), 40 the development of skills can be attained 

through diligent practice, evaluation and feedback, while behavior in an 

affective domain (a further stage) must be the product of experience through 

utilizing learners' analytical, critical and synthesis thinking abilities. This study 

demonstrated the different learning gains between the learning domains of 

two different levels. However, the long term learning retention needs to be 

further worked out. 

5. Factors related to the clinical performance 

Among the background factors (i.e. , age, gender, level of expertise, last 

involvement of CPR events, duration since last PALS, completed blocks in 

critical care, and confidence level) , only the duration since last involvement in 

CPR was an significant predictor for the clinical performance in this study. 

This indicates that the majority of participants' background factors had no 

linear correlation with their clinical performance. However, this finding was 

considered true only during residency. With years' accumulation of 

experiences, experts in this study and other reports 14, 15 had exhibited better 

performance than residents had. 

In this study, the duration of last exposure to CPR events was found 

being the best predictor for post-test Band M scores. Without the "ceiling 

effect" of post-test S scores, the CPR exposure might enhance the overall 
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post-test performance (S, M, and 8). Involvement in a CPR event is 

considered mainly an "episodic memory", one of "long term memories".41 

Episodic memory could be best retrieved in a similar setting at acquisition 

(Le., emergency department). Retrieving the memory would lead to 

strengthening of the associated knowledge. The emotion accompanied with 

the episode would further motivate the learning. This evidence thus 

supported the use of vivid simulations on critical cases management on a 

regular basis to ensure physicians' competence. 

Other reported factors affecting the management of critical events were 

knowledge and adherence to the ACLS (Advanced Cardiac Life Support) 

protocol. S' 42 To answer if solid knowledge basis was related to successful 

clinical performance in simulation and/or to learning gains derived from 

simulation, a written pretest of knowledge could be used to assess the entry 

level of participants' knowledge. In this study, a brief regarding the principles 

of managing "tachydyspnea" and "shock" was addressed, and the knowledge 

was assumed about the same among participants. The real knowledge basis 

was not measured by written test. 

6. The learning gains of an assistant 

Mannequin-based simulation is an expensive, time and labor-intensive 

teaching strategy that may hinder many academic centers from adopting this 

technology into their educational activities. Enrollment of two or more trainees 

in one training session would significantly reduce the cost and make the 

http:memories".41
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training feasible. Sica GT et al studied the learning effect of observers 16 and 

reported trainees who watched videotape review before participating in a 

simulation scenario were scored higher than those who had no prior exposure. 

Our study further confirmed that the post-test performance was about the 

same between an assistant resident who did not perform the clinical tasks and 

a primary resident who was on the "hot-seat" in a pretest case with the same 

presentation (Tachydyspnea/ Shock). The learning gain was contributed to the 

training session but not the experience from repeated simulation. The 

explanations would be: a) the assistant physician was also involved in the near 

"real " patient encounter that would motivate their learning, b) the feedback was 

effective and fulfilled all their need, c) the "hand-on" practices were adequately 

provided. 

CONCLUSION 

1. The mannequin, the scenario plus the setting were considered realistic. The 

mannequin-based simulation was perceived as an effective and valuable tool 

in both teaching and learning. The participants clearly enjoyed the simulation 

and expressed the desire for more exposure. 

2. 	The mannequin-based simulation training was proven effective in enhancing 

physicians' performance on managing pediatric critical cases, and the 

learning gains were not contributed to prior exposure to a simulation. In 

addition , the discrepancy of case difficulty did not bias the learning outcomes 

in this study. 
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3. This mannequin-based simulation examination was not only valid and reliable 

but also feasible. Further refinement of the test instrument for measuring 

"medication" and "behavior" attributes will be required . 

4. Acting as an assistant in a simulation would not impede learning . 

5. The clinical performance variables of S, M, and B could be minimized into two 

factors, physicians' clinical performance and medication prescribing 

behavior. 

LIMITATIONS 

i. 	 The simulated child "patient" was almost real but some of the physical 

assessment 	and therapeutic procedures were very complex and difficult to 

replicate. Desire for a more realistic mannequin has been expressed . 

II. 	 The instructor must provide information to the trainees as the status of the 

"child" changes (e.g., changing skin color), which might direct the focus of 

the test takers, thus potentially biasing the measurement. 

iii. 	 It appeared that most of the cases in emergency department could be 

simulated. However, in this study, only limited case varieties could be 

delivered because of the expenses and the restraint on time. 

IV. 	 Based on simulation scripts with equivalent design, we assumed that the 

difficulty of pretest and post-test cases were equivalent in both cases with 

the same clinical presentation (tachydyspnea or shock). However, the 

possible discrepancy of difficulty in cases of pre- and post-test might mix 

with the true learning gains, thus, bias the results. It was the limitation of 
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this study that we could not check if this assumption was true or not. 
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APPENDIX 1. SUMMARY OF LITERATURES THAT DESCRIBED COMPREHENSIVE SIMULATION WITH HIGH- OR 
INTERMEDIATE- FIDELITY MANNEQUIN IN CLINICAL MEDICINE 
Ref. Aim No. of Type of Department Rating Topics of Reliability Comments 

subject simulatorl instrument scenarios I Validity 
simulation 

5 TIE 22 Intubation/Thora 
x 
"Eddie Endo" 

Anesthetic - Angina and COPD - I 
-

Realistic scenario / setting 
Mannequin is least realistic 

Amstrong Ind. 
CASE 1.2 

6 A 19 Intubation/Thora 
x 
"Eddie Endo" 
Amstrong Ind 
CASE 1.2 

Anesthetic 
(Resident) 

Videotaped 
Response time 
5 items 

Endotracheal intubation 
Kinked IV 
Aflhypotension 
Breathing circuit disconnect 
Cardiac arrest 

- I 
Construct 

2nd year residents corrected problems more quickly 
than 151 year residents. 
Vigilance might be strengthened by improved protocol 
and repeated practice 

7 A 8 Intubation/Thora 
x 
"Eddie Endo" 
Amstrong Ind 
CASE 1.2 

Anesthetic 
Experienced 

Videotaped 
Response time 
4 items 

Short airway hoses 
ET intubation in head 
manipulation 
IV occlusion 
Acute Af 

-
Construct 

Marked variability between incidences 
Experienced detected problems earlier 
Unplanned errors still occurred with experienced 
subjects 

Airway disconnection 
Vf 

8 T/A 26 High-fidelity 
CASE 1.3 

Anesthetic Written test 6 scenarios - I 
-

Improve written test of knowledge 
Highly rated 

9 T/A 28 High-fidelity 
(Leiden) 

Anesthetic Videotaped 
Response time 
Deviation score 
Weighted score 
9117 items 

Anaphylactic shock 
Malignant hyperthermia 

- I 
-

Enhance the performance of anesthetists in emergency 

10 TIE 72 High-fidelity 
ACRM 

Anesthetic 6 Over dose of anesthetic 
O2 source failure 
Cardiac arrest 
Hyperthermia 
Pneumothorax 
Power failure 

- I 
-

ACRM principles can be taught outside of OR. 



11 A High-fidelity 
(CAE) 

Anesthetic Videotaped 
3-point scale 
2 raters 
6/7 items 

2 scenarios If, =0.96/ 
-

Excellent inter-rater correlation 

12 A 22 High-fidelity 
("SAM", CAE) 

Anesthetic 
(Student) 

Checklist 
Item? 

Unconsciousness 
Apnea, PVC 
Hypoxia 
Hypotension 
bradycardia 

Pearson's 
0 .78/ 
-

8-minute performance-based examination 
3 raters 
Rate during simulation 
Exclude a test/ retest phenomenon 

13 A 36 Intermediate-
fidelity 
ACCESS 

Anesthetic Videotaped 
Response time 
"mortality" 

- / 
-

Experience> ly took shorter to solve and had lower 
"mortality", but still made serious errors. 

14 A 56 High-fidelity 
ACRM 

Anesthetic Videotaped 
Technique + 
behavior score 
Weighted score 

Myocardial ischemia 
Malignant hyperthermia 

+ / 
-

Test students as a team 
Fair to excellent inter-rater agreement 
Can be assessed from videotapes 

15 A 25 High-fidelity 
(CAE) 

Anesthetic Videotaped 
3-point scale 

2 scenarios a =0.27. 
0.28/ 
-

Poor internal consistency 
Alpha=0.66 when 4 items eliminated 
Construct validity 

16 T/A/ 
E 

24 High-fidelity 
(Eagle) 

Radiology Videotaped 
2 raters 
5 items 
5-point scale 

Anaphylaxis 
Contrast material 
extravasation and 
anaphylaxis 

- I 
-

Trainees who attend the videotape review were score 
higher 
Well accepted by participants 

17 E 161 High-fidelity Anesthetic 
(Students) 

Videotaped 6 scenarios - I 
-

Approve its use as a learning tool 
Less enthusiastic in its use as an assessment tool 

18 TIE 57 High-fidelity 
(CAE 
electronics Inc.) 

Trauma 
(Student) 

? - I 
-

Use OSCE as post-test 
Benefit with a clinical based management course ( 
No additional improvement with a high fidelity 
simulator (hand-on) 

19 T 38 High-fidelity 
(NeoSim) 

Pediatrics 
(Physician! 
nurse) 

- I 
-

Can be used in neonatal resuscitation 
Lack of fidelity of the NeoSim 



co co 

20 AlE 24 High-fidelity Anesthetic 
(Medical 
students) 

Videotaped 
5 raters 
Content? 

Rapid sequence induction 
Hypoxemia 
Intravascular volume 
depletion 
Anaphylaxis 

+ I 
-
ICC: 0.87 

5 raters 
Poor correlation between simulation and clinical and 
written marks 

21 E 60 High-fidelity 
(METII 
MedSim) 

Emergency 
(Medical 
students) 

Trauma +shock, 
pneumothorax 
Cardiac disease + VT 

- I 
-

Highly rated for quality 

22 AlE 139 High-fidelity Anesthetic Videotaped 
3-point scale 
7 items 

Atelectasis 
Coronary ischemia 
Hypothermia 

- I 
+ 

Construct validity in practice categories 
Highly rated for quality 

23 A 140 High-fidelity 
CAE-Link 

Anesthetic 
(Medical 
students) 

Videotaped 
Groups of 8-10 
4 items 
Single/ paired 
raters 
25 point 
checklist 

6 scenarios + I 
+ 
ICC: 
0.77/0.86 

Minimal correlation between checklist/clinical marks, 
checklist/written marks, clinical marks/written 
Low inter-item correlation, need further study 

24 T 12 High-fidelity 
(METI, HPS) 

Emergency 
Anesthetic 
Surgery 

Motorcycle accident 
Multiple injury 
Tricyclic overdose 
Respiratory distress 

- I 
-

25 T/AI 
E 

12 High-fidelity 
(METI, HPS) 

Surgery Videotaped 
Groups of 4 
2 raters 
Pre-/Posttest 
simulation 

Motor vehicle crash 
Electric burn 
Bar fight 
Domestic altercation 

- I 
Construct 

Enhance learning 
Deemed as a confidence-building tool 

T: Teaching (Training); A: Assessment; E: Evaluation (by questionnaire and/or determining reliability and validity) 
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APPENDIX 2: SCENARIO SCRIPTS FOR THE SIMULATIONS 

1T: Status asthmaticus 

An 8-year-old boy was transferred from a community hospital due to 
severe respiratory distress. According to the statement of the patient's 
mother, the boy has past history of bronchial asthma. Three days before 
admission , he was found to have cough and mild fever, and progressive 
tachydyspnea developed, which prevented him from sleeping and eating. 
Because there has been no improvement even increasing the inhalation of 
bronchodilators, he was sent to the emergency department of a 
neighborhood hospital. At that hospital , he was treated with oxygen , and 
additional aerosal bronchodilators but in vein. 

On arrival , he was restless and looked pale in severe respiratory distress. 

Pulse rate (PR): 130/min, respiratory rate (RR): 40/min, BT: 38°C, BP: 100/60 

mmHg, SaOi 90%, loud wheezing throughout the whole chest, suprasternal, 

substernal and intercostal retraction, no urine passed in previous 6 hours, 

The participant should initiate therapy without delay while taking history 

and physical examination. 

--The history collected should include onset and duration of present 

exacerbation, medication, time and amount of the last dose, and history of 

previous exacerbation. The participant should examine the patient and 

indicate the presence of cyanosis, dehydration, and considering the 

complications of pneumonia, pneumothorax, pneumomediastinum and 

upper airway obstruction. 

-- The participant should connect the patient to a pulse oximeter. High flow 

oxygen should be administrated via mask or nasal cannula. The participant 

should give the patient (32 agonists, anticholinergics and corticosteroid, 

establish an IV line Simultaneously, and request arterial blood gas.) 

Ten minutes later, the patient turned more cyanotic, and became drowsy and 

confused. Heart rate (HR): 80/min, BP: 60/35 mmHg, Sa02: 80%, PaCOi 65 

mmHg, Pa02: 55 mmHg. (The "patient" showed absence of breath sounds, 

hyperresonance, and poor air-entry on right chest.) 

(The participant should give IV bolus to keep adequate cardiac output, and 

search for the causes of sudden deterioration) 

• Acceptable--

The participant quickly recognized or suspected the presence of the tension 

pneumothorax: 
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The participant rapidly inserted a large-caliber, over-the-needle 

catheter into the right side of the chest, via ~d Ie MeL (mid-clavicle line) 

or 4th Ie midaxil/ary line. The participant may, then, elect to insert a 

large-caliber chest tube at this time to replace the needle, and checked its 

function frequently. After the above procedures, if improved, the 

participant may order a chest X-ray to check chest tube position. 

• Unacceptable---

The participant did not quickly recognize the patient's pneumothorax and 

treated, ordered the patient to have a chest X-ray, or elected to intubate the 

patient. 

The patient cannot be adequately resuscitated and may sustain a 

respiratory arrest. --- cardiac arrest ---cardiopulmonary arrest 

(CPR)---finally death 

After appropriate management and a transient improvement in color, 

the patient turned cyanotic with Sa02 of 75%. 

• 	 Acceptable--

The participant checked for the wall-out O2 connection, airflow tubing, 

mask, chest tube and bottle. He or she should detect the accidentally 

disconnected wall-out O2 and reconnect it. 

• Unacceptable--
The participant did not quickly recognize and correct the disconnected 

oxygen flow. 

The patient sustained a respiratory arrest, then a cardiac arrest. 

The patient's respiratory status and color markedly improved, with Sa02 

of 90%, after tension pneumothorax relieved and oxygen reconnected . 

The patient's Sa02 was 90%. A chest film demonstrated re-expansion of 

the right lung with a properly placed chest tube and hyperexpansion of 

both lungs. 

Unfortunately, after all efforts, the patient became drowsier, pale looking 

and in severe respiratory distress. Sa02 was now 88%, PaC02: 60 mmHg, 

Pa02: 65 mmHg, pH: 7.22. Poor air-entry and no wheezing were found 

throughout the chest. 

oAcceptable--
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The participant inserted endotracheal tube with RSI (rapid sequential 

intubation) using Atropine, Ketamine, and Succinylcholine, then, 

connected it to a mechanical ventilator with an appropriate 

setting.-------The patient improved. 

o Unacceptable--

The participant did not respond to the respiratory failure. 


The patient becomes more cyanotic and respiratory arrest 

followed.---CPR--- death 

The participant did not intubate the patient with RSI. 

The patient vomited with aspiration. --- more cyanotic and 

respiratory arrest followed.---CPR--- death 

The successful participants, whose "patient" was improved , will be asked to 

demonstrate technique of CRP. 
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1m 

Scheme for the simulation of "Status Asthmaticus" case (1T) 

/
Assessment (inadequate 

PIE, Hx respiratory support 
0 2 100% or medication) 

Bag and mask 
IV,Vjtoline, Solumedrol \ 

pt improved allow 10 minutes 
(after finishing initial Tx) 

5-10 min~Ls 
reasses~'J' 

cardiop onary 

arre1 

asystole 

more 
102 disconnectio~1 distress after 

Fail to ~02 transient improvement 
Detect rec~nnect ,.,. ...... \T .' 

&Vorse disir~;sl 
t 

cardiopulmonary cardiopulmonary .......f----ET intubation 
arrest arrest fail with RSI 
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Episode 1: pneumothorax, 2: O2 disconnection, 3: respiratory failure due to 

severe asthma 

2T: Chest contusion 

An eight-year-old boy was playing behind a car when the car backed and run 

over him. On admission to emergency department, he was alert and restless but 

in severe respiratory distress. He was inconsolable. 

The participant should rapidly assess the ABCDEs and indicate that 

protective devices against communicable diseases must be worn when 

caring for the trauma patient. In addition, he (or she) should indicate that 

the patient's clothing should be removed and measures be taken to prevent 

hypothermia. (The participant might call an assistant for help.) 

On arrival , the patient was immobilized on a full spine immobilizer with semirigid 

cervical collar. His upper airway was clear, however, he was cyanotic and in 

severe respiratory distress, BP: 90/50 mmHg, Pulse: 140/min, respiratory rate 

(RR) : 45/min. Bruises and abrasion were found on the chest. 

• 	 Acceptable--
The participant should indicate the pulmonary problem is the most 

life-threatening event. The participant should also indicate that 100% 

oxygen should be administered and a pulse oximeter be connected to the 

patient, the patient's c-spine be protected, despite her restlessness, until a 
potential c-spine injury is excluded. 

• 	 Unacceptable--
The participant does not immediately response to the pulmonary problem 

and gives 100% oxygen. 

The patient becomes more cyanotic. 

(Mannequin): Absence of breath sounds and hyper-resonance on right chest, 

shift of cardiac apical beat. 

• 	 Acceptable--
The participant quickly recognized or suspeceds the presence of the 

tension pneumothorax by rapidly examining the patient's neck and chest 

and rapidly inserted a large-caliber, over-the-needle catheter into the right 

side of the chest. 
The patient improved. 

The participant may, then, elect to insert a large-caliber chest tube at this 
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time to replace the needle, and check its function frequently. Next, the 

participant should establish IV line, while simultaneously obtaining arterial 

blood gas, hemoglobin (Hb), hematocrit (Ht), blood type and crossmatch. 

In addition, the participant may order a chest X-ray. 

• 	 Unacceptable--

The participant did not quickly recognize the patient's tension 

pneumothorax or ordered the patient to have a chest X-ray. The 

participant delayed treating the patient's tension pneumothorax and 

elected now to intubate the patient. 

The patient cannot be adequately resuscitated. He was now 

becoming more cyanotic and lethargic and might sustain a 

respiratory arrest --- CPR --- death. 

After a transient improvement in color, the patient turned tachydyspneic 

and cyanotic again, with Sa02 of 75%. 

• Acceptable--

The participant checked for the wall-out O2 connection, airflow 

tubing, mask, chest tube and bott/e. He (or she) should find out the 

malfunction of the chest tube and detect the chest tube obstructed. 

Then, the participant should rapidly insert another large-caliber needle 

catheter into the right side of the chest, and replace it later with a chest 

tube, and check its function 

The patient's respiratory status and color markedly improved , 

with Sa02 of 90%, after the tension pneumothorax was relieved. 

• 	 Unacceptable--

The participant did not quickly recognize and correct the malfunction of 

the chest tube. 

The patient sustained a respiratory arrest, then a cardiac arrest. 

The patient's respiratory status and color markedly improved after the 

tension pneumothorax was relieved. The patient's Sa02 was 94%. A chest 

film post chest tube demonstrated re-expansion of the right lung with a 

properly placed chest tube and the pictures of pulmonary contusion . 

After all these procedures, urinary catheter and gastric tube should be 
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inserted. The participant should indicate that there was no significant 

injury to head, neck, and abdomen, and the circulatory condition was 

stable. 

Despite a transient improvement of color, the patient remained tachypneic 

with cold sweating and shallow respiration. He gradually became cyanotic 

and lethargic. BP: 90/60, HR:140/min, PH: 7.28, PC02: 60 mmHg, Pa02: 75 

mmHg, HC03: 18 

• 	 Acceptable--

The participant inserted endotracheal tube using RSI, and connected to a 
mechanical ventilator with an appropriate setting. 

The patient improved. 

• 	 Unacceptable--

The participant did not respond to the respiratory failure due to pulmonary 

contusion. 

The patient became more cyanotic and respiratory arrest followed . 

---CPR--- death 

The successful participants, whose "patient" was improved, will be asked to 

demonstrate technique of CRP. 
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Scheme of "Chest Contusion" case (2T) 

Iinitial statusl 

~ \
Trauma assessment 
O2 100%, transient improvement 


Ox, monitor 


1~ 

cardiopulmonary 
rrest 

death 

fail 

I 

without RSI 
with vomiting 

ET intubation with RSI 

~ 

Iinitial statusl 

episode 1: pneumothorax 

episode 2: chest tube dislodged 

episode 3: respiratory failure 
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IS: Diarrhea with hyponatremic dehydration 

An 8 y/o boy was transferred from a community hospital due to seizure 

and unconsciousness. He has been suffering from severe diarrhea, vomiting 

and fever for 5 days. The stool was watery and occurred frequently 

throughout the day. During the period , he was restless and looked thirsty, but 

cannot eat or drink anything because of vomiting. One day before admission , 

he became lethargic, and presented to the emergency department of a 

community hospital where he had a seizure and presenting altered level of 

consciousness. 

On arrival , the boy was flaccid and attempted to open his eyes to pain 

stimulation. He had perioral cyanosis , cool extremities, dry mucosa, poor skin 

turgor, and sunken eyes. Pulse: rapid and weak (140/min), BP: 55/min by 

palpation, no urine passed in previous 8 hours, Respiratory rate: 40/min 

Besides taking a focused history, the participant should assess the 

patient's conscious level and vital signs. He/she should immediately 

recognize the shock status and start treatment without delay. The child 

should be kept warm. 

Sequences: 

1. Airway maintenance 

• 	 Acceptable--

The participant cleared the patient's airway, supplied 100% O2 via mask or 

assisted bag-valve mask ventilation. Then, endotracheal tube should be 

inserted. 

• 	 Unacceptable--

The participant did not give the patient adequate respiratory support, or 

not apply intubation. 

The patient might partially recovery with fluid challenge, or sustain 

respiratory arrest gradually, or develope vomiting with aspiration. 

---cardiopulmonary arrest--- CPR 
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2. 	Vascular access (participants verbalized the procedures ... ) 

• 	 Acceptable--

The participant established vascular accesses with correct technique and 

sequence. (correct sequence: 1. peripheral access X 2-3 attempts; 2. 

intraosseus; 3.femoral) . Blood sample should be collected while 

established vascular access. 

• 	 Unacceptable--

The participant failed to establish vascular access, or time was wasted on 

extended searches for peripheral veins or cut downs if peripheral vein was 

difficult to access. 

The patient developed circulatory failure and subsequent cardiac 

arrest ---CPR---death 

3. Fluid resuscitation : 

• 	 Acceptable--

The participant chose 0.9% normal saline or lactated Ringer for fluid 

resuscitation, beginning with a bolus of 20 mllkg. Repeat bolus if 

necessary. 

• 	 Unacceptable--

The 	participant used wrong solution for replacement, or supplied fluid 

through IV dripping. 

The patient developed seizures and unconcsciousness, or circulatory 

failure and subsequent cardiac arrest ---CPR---death 

There was no urine collectable. The patient was still unconscious and 

hypotensive. After the 2nd bolus of saline infusion, the patient's consciousness 

temporarily improved with BP of 90/50 mmHg, PR: 95/min. 

Now, urinary catheter should be inserted, and urine amount and specific 

gravity should be monitored. The participant should evaluate patient's 

response to therapy and watch for evidence of further deterioration. The 

patient should be connected to an oximeter and an EKG monitor. 
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However, fifteen minutes later, he became cyanotic again. Pa02: 48 mmHg, 

PaC02: 55 mmHg, under 70% O2, BP: 68/40 mmHg. Lab data returned, which 

showed: Na: 115 mmol/L, K: 4.8 mmol/L, Glucose: 4.5 mmol/L, PH: 7.15, 

PaC02: 20 mmHg, Pa02: 70 mmHg, HC03: 15 mEq/L 

• 	 Acceptable--

The participant gives another(3'd) fluid bolus, searched for and corrected 

the underlying acid-base or electrolyte imbalance. Vasoactive drugs 

should only be used at last. When vasoactive drugs were necessary, the 

participant should prescribe them in accurate dose and route. Then, a 

chest X-ray should be taken for the possibility of pulmonary edema 

and/or heart failure. 

• 	 Unacceptable--

The participant failed to detect the persistent volume depletion and 

gave vasoactive drugs; failed to correct the acid-base or electrolyte 

imbalance; or failed to give respiratory support. 

The patient developed profound shock, seizure, and , finally, 

cardio-pulmonary arrest.---CPR--- death 

3rdAfter the bolus of saline, correction of metabolic acidosis and 

hyponatremia, the patient's consciousness improved. EKG: flat T wave, K: 

2.8 mEq/l, absent bowel sound. 

The participant should detect the problem by patient's symptoms and 

reading EKG, and add appropriate amount ofpotassium in solution. Then, 

the participant should calculate and indicate future fluid replacement plan 

-- solution, amount and speed, but only after intravascular volume and 

systemic perfusion had been restored. 

The successful participants, whose "patient" was improved, will be asked to 

demonstrate technique of CRP. 
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25: 	Diabetic Ketoacidosis 

An eight year-old boy was transferred from a hospital unconscious and 

in respiratory distress. The boy had complained of abdominal pain for one 

week. He vomited whenever he drank and ate. He has also been found to 

have night bed-wetting since 5 days before admission. He lost a lot of weight. 

His family doctor treated him as gastroenteritis, however, the abdominal pain 

exacerbated and respiratory distress developed. One day before admission, 

he became very drowsy. 

On arrival in emergency, the boy was flaccid and did not open his eyes 

to pain stimulation. He had perioral cyanosis, cool extremities, dry mucosa, 

poor skin turgor, and sunken eyeballs. Pulse: rapid and weak (PR:120/min) , 

BP: 55 by palpation, Respiration: deep and rapid (RR:45/min). 

Detailed history and physical examination, including urinary bladder size 

should be collected. The participant should immediately recognize the 

shock status and its underlying cause, and start treatment without delay. 

He/she might call an assistant for help at this time. The child should be 

kept warm. 

Sequences: 

1. Airway maintenance 

• 	 Acceptable--

The participant cleared the patient's airway, supplied 100% O2 via mask or 

assisted bag-valve mask ventilation. Then, endotracheal tube should be 

inserted. 

• Unacceptable--
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The participant did not give the patient adequate respiratory support. 

The patient sustained respiratory arrest gradually, or develops vomiting 

with aspiration. ---sudden cardiopulmonary arrest--- CPR 

2. 	 Vascular access 

• 	 Acceptable--

The participant established vascular accesses with correct technique and 

sequence. (correct sequence: 1. peripheral access X 2-3 attempts; 2. 

intraosseus; 3. femoral). 

Blood sample should be collected while establish vascular access. 

• 	 Unacceptable--

The participant fails to establish vascular access, or time is wasted on 

extended searches for peripheral veins or cut downs if peripheral vein is 

difficult to access. 

The patient developed circulatory failure and subsequent cardiac 

arrest ---CPR---death 

3. 	 Fluid resuscitation: 

• 	 Acceptable--

The participant chose 0.9% normal saline or lactated Ringer for fluid 

resuscitation, beginning with a bolus of 20 ml/kg. Repeat bolus if 

necessary. 

• 	 Unacceptable--

The 	 participant used wrong solution for replacement, or supplied fluid 

slowly. 

The patient developed seizures and profound coma, or circulatory 

failure and subsequent cardiac arrest ---CPR---death 

Ten minutes later, the laboratory data returned , which showed: sugar: 

31.5mmoIlL, Na: 112 mmollL, K: 4.8 mmol/L, CI: 88 mmol/L, PH: 7.15, PaC02: 

18 mmHg, Pa02: 70 mmHg, HC03: 15 mmol/L, urinary sugar: 4+, urinary 

ketone: 4+ 
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The participant can interpret the data corresponding to the high level of 

serum glucose, make a diagnosis (diabetic ketoacidosis) and start 

appropriate treatment. The participant should administer initial insulin. 

(bonus: in correct dose and route) 

Now, urinary catheter should be inserted, and urine amount and specific 

gravity should be monitored. The participant should evaluate patient's 

response to therapy and watch for evidence of further deterioration. The 

patient should be connected to an oximeter and an EKG monitor. 

After above treatment and two boluses of fluid , the patient's consciousness 

temporarily improves with BP of 85/40 mmHg, PR: 95/min 

Fifteen minutes later, he became cyanotic again. Pa02: 48 mmHg, PaC02: 55 

mmHg, under 70% O2 

• Acceptable--

The participant gives another fluid bolus, searches for and corrects the 

underlying acid-base or electrolyte imbalance. Improve tissue perfusion by 

intubation with mechanical ventilation. He/she should use RSI for 

endotracheal intubation. Vasoactive drugs should only be used at last. 

When vasoactive drugs are necessary, the participant should prescribe 

them in accurate dose and route. Then, the participant may take a chest 

X-ray for the possibility of pulmonary edema and/or heart failure. 

• Unacceptable--

The participant failed to detect the persistent volume depletion and gave 

vasoactive drugs; failed to correct the acid-base or electrolyte imbalance; 

The patient developed cardio-pulmonary arrest.---CPR--- death 

After the 3rd bolus of saline and correction of metabolic acidosis, the patient's 

consciousness improved. The patient remained flaccid with absent bowel 

sound. EKG: flat T wave, K: 2.3 mmollL 

The participant should detect the problem by the patient's symptoms and 
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reading EKG, and add appropriate amount ofpotassium in solution. Then, 

the participant should calculate and indicate future fluid replacement plan 

-- solution, amount and speed, but only after intravascular volume and 

systemic perfusion had been restored. 

The successful participants, whose "patient" was improved, will be asked to 

demonstrate technique of CRP. 
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fail 

Scheme of "Shock" case (1 S, 2S) 

!Initial status ! 

______ POS~ibIY 
______ fail 

diagnosis I 
O2, on ET no airway support 
Monitoring, Lab with fluid replacement 
Partial fluid replacement & mpnitoring 
Partial e-,acid-base correction /

I with or without 
• vomiting 

~ 
~ 

correction of e-, acid-base inadequate treatment 
CXR 

no fluid replacement 
(± airway support) 

1 

CPR 

~ 

! death! 
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APPENDIX 3: SCORING INSTRUMENT 

1T: ASTHMA R# NAME:___________
I 

TASK-SPECIFIC SCORING ( /36 + medication = ) 

Score 

1. Oxygen administration ( 	 / 4) 

Apply immediately before any investigation 

Open airway (mandatory) and suction ( if necessary) 

Correct Fio2 (100%) 

Appropriate route for O2 administration (non-breather, mask) 

2. Bag-valve-mask ventilation (BVMV) ( 	 / 5) 

Accurate application technique 

Correct bag size 

Correct mask size 

No air-leaking 

Appropriate O2flow 

3. Endotracheal intubation ( 	 / 8 ) 

Suction being on and checked 

Oxygenate with 100% O2 before intubation 

Check laryngoscope light 

Correct endotracheal tube size 

Correct blade type and size 

Correct insertion distance 

Check position of the ET tube tip 

Secure the ET tube 

4. Managing tension pneumothrax ( 	 /6) 

Immediate needle decompression without chest X-ray 

Appropriate needle size 

Correct location 

Replace the needle with chest tube 

Appropriate procedure for chest tube insertion 

Secure the chest tube 

5. Vascular access ( / 1) 


Appropriate timing without delay (1) 




-------------------------------------
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6. 	Fluid therapy ( / 3) 

Appropriate fluid solution (1) 

Correct volume and speed (1) 

Frequent patient assessment (1) 

7. CPR: 	 /7 ) 

Frequent assessment of ABC 

Correct sequence 

Position the patient correctly 

Proper use of arms and hands 

Correct location for chest compression 

Correct compression/ventilation rate 

Correct coordination of compression/ventilation 

8. Medication: ( 

beneficial Epinephrine: 

Ketamine 

Atropine: 

Succinylcholine 

Dopamine: 

Dobutamine 

Ventolin (Sn) 

Solumedrol (Sn) 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

correct dose 

correct route 

( 

( 

) 

) 

) 

) 

correct dose 
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Inappropriate medications: (minus 

correct route 

correct dose 

) 

) 

9. Broselow 	 12 ) 

Apply immediately when necessary 

Correct measurement and reading 
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1T: CRISIS MANAGEMENT BEHAVIOR SCORING ( /25) 

Orientation. The examinee: 

( ) 1. made a correct diagnosis 

( ) 2. grasped the key problems 


( ) 3. identified and avoided distraction 


Information collection. 

1. The examinee asked about: ( ) 

( ) onset 
( ) past history 
( ) fever, cough, voice change 
( ) oral intake 
( ) urine output 
( ) medication 

2. 	Based on physical examination and available data, the examinee identified 
( ) wheezing 
( ) respiratory failure 
( ) dehydration 
( ) pneumothorax 
( ) O2 disconnection 

Communication. The examinee: 
( ) 1. indicated the diagnosis and critical events clearly 
( ) 2. explained every step of management 
( ) 3. gave order without leaving confusion 
( ) 4. listened to others carefully 

Group climate. : 
( ) The examinee had good attitude toward others. 

Anticipation/planning. The examinee: 
( ) 1. declared crisis early. 
( ) 2. constructed a management plan properly. 

Time/motion. The examinee: 
( ) 1. initiated action promptly 
( ) 2. proceeded action with correct priorities. 

Vigilance. The examinee: 
( ) 1. detected abnormal clinical presentations and the critical 

incident events in the early stages. 
( ) 2. checked the patient's response and the process of 

management whenever necessary. 
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2T:CHEST CONTUSION R#______,NAJJE:____________________ 

TASK-SPECIFIC SCORING ( /36 + medication ) 

Score 

1. Oxygen administration ( / 4) 

Apply immediately before any investigation 

Open airway (mandatory) and suction (if necessary) 

Correct Fio2(100%) 

Appropriate route for O2 administration (non-breather, mask) 

2. Bag-valve-mask ventilation (BVMV) ( 	 / 5) 

Accurate application technique 

Correct bag size 

Correct mask size 

No air-leaking 

Appropriate O2 flow 

3. Endotracheal intubation ( / 8) 

Suction being on and checked ( ) 

Oxygenate with 100% O2 before intubation ) 

Check laryngoscope light ) 

Correct endotracheal tube size 

Correct blade type and size 

Correct insertion distance 

Check position of the ET tube tip 

Secure the ET tube 

4. Managing tension pneumothrax ( / 6) 

Immediate needle decompression without chest X-ray ( 

Appropriate needle size ( 

Correct location ) 

Replace the needle with chest tube ) 

Appropriate procedure for chest tube insertion 

Secure the chest tube 

5. Vascular access ( / 1) 


Appropriate timing without delay (1) 
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6. Fluid therapy ( / 3) 

Appropriate fluid solution (1) 

Correct volume and speed (1) 

Frequent patient assessment (1) 

7. CPR: ( / 7) 

Frequent assessment of ABC 

Correct sequence 

Position the patient correctly 

Proper use of arms and hands 

Correct location for chest compression 

Correct compression/ ventilation rate 

Correct coordination of compression/ ventilation 

8. Medication: ( ) ) 

beneficial Epinephrine: correct route ( ) 

correct dose ( 

Ketamine correct route ( 

correct dose ) 

Atropine: correct route ) 

correct dose ( 

Succinylcholine correct route ( 

correct dose ) 

Dopamine: correct route ) 

correct dose 

Dobutamine correct route 

correct dose 

Ventolin (S IT) correct route 

correct dose 

Solumedrol (S IT) correct route 

correct dose 

correct route 

correct dose ( 

correct route ( ) 

correct dose ) 
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correct route ( ) 

correct dose ( ) 

Inappropriate medications: (minus ) 

( ) 

( ) 

( ) 

( ) 

( ) 

9. Broselow ( /2) 

Apply immediately when necessary ( 

Correct measurement and reading ( 
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2T: CRISIS MANAGEMENT BEHAVIOR SCORING ( / 26) 
Orientation. The examinee: 

( ) 1. made a correct diagnosis 

( ) 2. grasped the key problems 

( ) 3. identified and avoided distraction 


Information collection. 
1. The examinee asked about: 


( ) onset 

( ) past history 

( ) conscious level 

( ) vomiting, vomitus 

( ) headache 

( ) abdominal pain 

( ) tachydyspnea 


2. Based on physical examination and available data, the examinee identified 
() Pneumothorax 
() respiratory failure 
() chest contusion 
() chest tube pulled out 
() O2 disconnection 

Communication. The examinee: 

( ) 1. indicated the diagnosis and critical events clearly 

( ) 2. explained every step of management 

( ) 3. gave order without leaving confusion 

( ) 4. listened to others carefully 


Group climate.: 

( ) The examinee had good attitude toward others. 


Anticipation/planning. The examinee: 

( ) 1. declared crisis early. 

( ) 2. constructed a management plan properly. 


Time/motion. The examinee: 

( ) 1. initiated action promptly 

( ) 2. proceeded action with correct priorities. 


Vigilance. The examinee: 
( ) 1. detected abnormal clinical presentations and the critical incident 

events in the early stages. 
( ) 2. checked the patient's response and the process of management 

whenever necessary. 
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IS: DIARRHEA R# , NAME: ____________ 

TASK-SPECIFIC SCORING ( /36 + medication ) 

Score 

1. Oxygen administration ( I 4) 

Apply immediately before any investigation 

Open airway (mandatory) and suction (if necessary) 

Correct Fi02 (100%) 

Appropriate route for O2 administration (non-breather, mask) 

2. Bag-valve-mask ventilation (BVMV) ( 	 I 5) 

Accurate application technique 

Correct bag size 

Correct mask size 

No air-leaking 

Appropriate O2 flow 

3. Endotracheal intubation ( 	 I 8 ) 

Suction being on and checked 

Oxygenate with 100% O2 before intubation 

Check laryngoscope light 

Correct endotracheal tube size 

Correct blade type and size 

Correct insertion distance 

Check position of the ET tube tip 

Secure the ET tube 

4. Vascular access ( I 4) 

Appropriate priorities of selecting vascular access (3) 

Appropriate timing without delay (1) 

6. Fluid therapy ( I 6) 

Appropriate fluid solution (2) - Saline I Ringers 

Correct volume and speed (3) - bolus 20rnl/Kg, then .... 

Frequent patient assessment (I) 

7. CPR: ( 17 ) 

Frequent assessment of ABC 

Correct sequence 
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( ) 


9. Broselow ( /2) 

Apply immediately when necessary ( ) 

Correct measurement and reading ( ) 
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IS: CRISIS MANAGEMENT BEHAVIOR SCORING ( / 26 ) 

Orientation. The examinee: 
( ) 1. made a correct diagnosis 

( ) 2. grasped the key problems 


( ) 3. identified and avoided distraction 

Information collection. 
1. The examinee asked about: ( ) 


( ) onset 

( ) past history 

( ) conscious level 

( ) urine output 

( ) oral intake 

( ) vomiting 

( ) weight loss 


2. Based on physical examination and available data, the examinee identified 
( 	 ) 

( ) dehydration 
( ) shock 
( ) unconSCIOusness 
( ) hyponatremia 
( ) hypokalemia 

Communication. The examinee: 

( ) 1. indicated the diagnosis and critical events clearly 

( ) 2. explained every step of management 

( ) 3. gave order without leaving confusion 

( ) 4. listened to others carefully 

Group climate.: 

( ) The examinee had good attitude toward others. 

Anticipation/planning. The examinee: 

( ) 1. declared crisis early. 

( ) 2. constructed a management plan properly. 

Time/motion. The examinee: 

( ) 1. initiated action promptly 

( ) 2. proceeded action with correct priorities. 

Vigilance. The examinee: 

( ) 1. detected abnormal clinical presentations and the critical incident events 


in the early stages. 
( ) 2. checked the patient's response and the process of management whenever 

necessary. 
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2S: DKA R#___, NAME: ____________ 

_T_l\_S_K_-_SP_E_C_IF_I_C_S_C_O_RING----=-C__ _____--')__ 1_3_6_+_m_e_d_ic_ao_"o_n 

Score 

1. Oxygen administration ( 	 / 4) 

Apply immediately before any investigation 

Open airway (mandatory) and suction ( if necessary) 

Correct Fi02 (100%) 

Appropriate route for O2 administration (non-breather, mask) 

2. Bag-valve-mask ventilation (BVMV) ( 	 / 5) 

Accurate application technique 

Correct bag size 

Correct mask size 

No air-leaking 

Appropriate O2 flow 

3. Endotracheal intubation ( / 8 ) 

Suction being on and checked 

Oxygenate with 100% O2 before intubation 

Check laryngoscope light 

Correct endotracheal tube size 

Correct blade type and size ( 

Correct insertion distance ( 

Check position of the ET tube tip 

Secure the ET tube 

4. Vascular access ( / 4) 

Appropriate priorities of selecting vascular access (3) 

Appropriate timing without delay (1) 

6. Fluid therapy ( / 6) 

Appropriate fluid solution (2) - Saline / Ringers 

Correct volume and speed (3) - bolus 20rnl/Kg, then .... 

Frequent patient assessment (1) 

7. CPR: ( / 7) 


Frequent assessment of ABC 
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Correct sequence 

Position the patient correctly ( 

Proper use of arms and hands ( 

Correct location for chest compression ) 

Correct compression/ ventilation rate 

Correct coordination of compression/ventilation 

8. Medication: ( ) 

beneficial Epinephrine: correct route 

correct dose 

Ketamine correct route 

correct dose ( 

Atropine: correct route ( 

correct dose ) 

Succinylcholine correct route ) 

correct dose 

Dopamine: correct route 

correct dose 

Dobutamine correct route 

correct dose 

Ventolin (SIT) correct route 

correct dose 

Solumedrol (SIT) correct route 

correct dose ) 

correct route ) 

correct dose ) 

correct route ) 

correct dose 

correct route ) 

correct dose ) 

Inappropriate medications: (minus ) 
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( ) 

( ) 

( ) 

Broselow 

Apply immediately when necessary ( ) 

Correct measurement and reading ( ) 
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2S: CRISIS MANAGEMENT BEHAVIOR SCORING ( 124 ) 

Orientation. The examinee: 
( ) 1. made a correct diagnosis 

( ) 2. grasped the key problems 

( ) 3. identified and avoided distraction 


Information collection. 
1. The examinee asked about: ( 	 ) 

( ) onset 
( ) past history 
( ) conscious level 
( ) urine output 
( ) oral intake 
( ) weight loss 

2. Based on physical examination and available data, the examinee identified 
( 	 ) 


( ) shock 

( ) unconSCIousness 

( ) DKA 

( ) hypokalemia 


Communication. The examinee: 

( ) 1. indicated the diagnosis and critical events clearly 

( ) 2. explained every step of management 

( ) 3. gave order without leaving confusion 

( ) 4. listened to others carefully 


Group climate.: 

( ) The examinee had good attitude toward others. 


Anticipation/planning. The examinee: 

( ) 1. declared crisis early. 

( ) 2. constructed a management plan properly. 


Time/motion. The examinee: 

( ) 1. initiated action promptly 

( ) 2. proceeded action with correct priorities. 


Vigilance. The examinee: 
( ) 1. detected abnormal clinical presentations and the critical incident events 

in the early stages. 
( ) 2. checked the patient's response and the process of management 
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whenever necessary. 
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APPENDIX 4: EVALUATION QUESTIONNAIRE 

Questionnaire : (residents) 
This is a survey about your experiences on the "real-life" mannequin 

simulation. Please read each item carefully and circle quickly the response that 

best express your feeling about the statement. (strongly disagree:1, disagree:2, 

neutral :3, agree:4, strongly agree:5) 

Personal experience in the simulation environment: 

I felt well briefed prior to the scenario. 

1 234 5 

I felt stressful during the mannequin-based simulation? 

1 234 5 

I enjoyed the simulation. 

1 2 3 4 5 
I felt the mannequin and the simulation environment as a whole being realistic. 

1 234 5 

The scenarios and their progress simulate real patient encounters. 

1 234 5 

The available drugs and equipment were similar with those in my practice. 

1 234 5 

The time is adequate for me to manage such a critical simulation event. 

1 234 5 

I felt I have correct actions during simulation. 

1 234 5 


I found my knowledge basis was adequate to the simulation task. 


1 234 5 


I showed leadership during the simulation. 

1 234 5 

I communicated clearly and specifically with the "patient's" family orland my 

assistant. 

1 2 3 4 5 

I used all available sources of help effectively. 

1 234 5 

I was able to remain free from environmental distractions. 

1 2 3 4 5 
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The debriefing session effectively clarified important issues of the scenarios. 

1 234 5 
This simulation training will result in changes on my behaviors when managing 

critical events. 

1 2 3 4 5 

Value of the mannequin-based simulation: 

The mannequin-based simulation is very helpful in learning the management of 

critical events. 

1 2 3 4 5 

The mannequin-based simulation would help the faculty/staff in teaching the 

management of critical events. 

123 4 5 

Acting as an assistant physician in a simulation will not impede the learning . 

1 234 5 

I am very happy to spend unpaid time (2-3 hours) to be trained/tested with a 

mannequin-based simulation. 

123 4 5 

The mannequin-based simulation can be effectively used to examine physicians' 

competence on managing critical events. 

123 4 5 

The mannequin-based simulation is a reliable tool in assessing clinical skills. 

1 234 5 

It is valuable to purchase such an expensive mannequin (250,000 dollars) to 

train/test health personnel who are involved in managing pediatric critical 

events. 

1 2 3 4 5 

Future usage of the mannequin-based simulation: 

Please circle the item(s) of your favor: 

( ) a training course in residency 

( ) subspecialty training 

( ) refresher training in pediatrics and pediatric emergency 

( ) part of resident inter-training evaluation 

( ) part of licensure examination 

( ) part of recertification examination to practice pediatrics and emergency. 



124 

In your opinion, what would be the important features of this mannequin-based 

simulation? 

In your opinion, what would be the important negative aspects of this 

mannequin-based simulation? 

Your comments to make the simulation better: 


Participant background 


Age: y/o, Sex: Male I Female 


Your position : 

PGY- ( ) in the department of _______ 


Your experience: : 


Last involvement on CPR? months ago, or never 


Attending PALS course? months ago, or never 


Number of blocks completed on : ER__, PICU__, NIUC __ 
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Questionnaire: (experts) 

This is a survey about your experiences on the "real-life" mannequin 
simulation. Please read each item carefully and circle quickly the response that 
best express your feeling about the statement. 

(strongly disagree: 1, disagree:2, neutral :3, agree:4, strong ly agree:5) 

Personal experience in the simulation environment: 
I felt well briefed prior to the scenario. 

1 234 5 
I felt stressful during the mannequin-based simulation? 

1 2 3 4 5 
I enjoyed the simulation. 

1 2 3 4 5 
I felt the mannequin and the simulation environment as a whole being realistic. 

1 234 5 
The scenarios and their progress simulate real patient encounters. 

1 2 3 4 5 
The available drugs and equipment were similar with those in my practice. 

1 2 3 4 5 
The time is adequate for me to manage such a critical simulation event. 

1 2 3 4 5 
I felt I have correct actions during simulation. 

1 234 5 
I found my knowledge basis was adequate to the simulation task. 

1 2 3 4 5 
I showed leadership during the simulation . 

1 234 5 
I communicated clearly and specifically with the "patient's" family or/and my 
assistant. 

1 234 5 
I used all available sources of help effectively. 

1 234 5 
I was able to remain free from environmental distractions. 

1 234 5 

Value of the mannequin-based simulation: 

I am very happy to spend unpaid time (2-3 hours) to be tested with a 

mannequin-based simulation . 

123 4 5 

The mannequin-based simulation can be effectively used to examine physicians' 
competence on managing critical events. 

1 234 5 
The mannequin-based simulation is a reliable tool in assessing clinical skills. 

1 2 3 4 5 
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It is valuable to purchase such an expensive mannequin (250,000 dollars) to 
train/test health personnel who are involved in managing pediatric critica l 
events. 

1 2 3 4 5 

Future usage of the mannequin-based simulation: 
Please circle the item(s) of your favor: 

( ) a training course in residency 
( ) subspecialty training 
( ) refresher training in pediatrics and pediatric emergency 
( ) part of resident inter-training evaluation 
( ) part of licensure examination 
( ) part of recertification examination to practice pediatrics and emergency. 

In your opinion, what would be the important features of this mannequin-based 
simulation? 

In your opinion, what would be the important negative aspects of this 
mannequin-based simulation? 

Your comments to make the simulation better: 
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Participant background 

Age: y/o, Sex: Male / Female 

Your position: in the department of ______________ 

Staff: years, specialty/ subspecialty ______...:./____ 

When is your last involvement on CPR? ___ months ago, or never 

PALS course? __ Years ago. 



APPENDX Sa: Raw data of pretest skill scores 

NoS 02-1 02-2 02-3 02-4 B-1 B-2 B-3 B-4 B-5 ET-I ET-2ET-3E-4 ET-5ET-6ET-7ET-8C C-2 C-3 C-4 C-5 C-6 C-7 B-1 B-2 Pn-I Pn-2Pn-3Pn-4Pn-5Pn-6V-I V-2 FI F-2 F-3 other 

IT l.00 0.00 l.00 0.00 l.00 0.00 l.00 l.00 0.00 0.00 0.00 l.00 l.00 l.00 0.00 0.00 0.00 l.00 0.00 0.00 l.00 l.00 l.00 l.00 0.00 0.00 0.00 0.00 l.00 l.00 0.00 0.00 2.83 l.00 l.00 0.00 0.00 2.53 

2 IS l.00 0.33 l.00 0.670.330.33 l.00 l.00 0.33 0.67 l.00 l.00 0.33 0.33 0.33 0.67 0.330.67 0.67 0.671.00 l.00 l.00 l.00 0.33 0.33 0.56 0.56 0.67 0.65 0.54 0.44 lOO l.00 3.00 3.00 3.00 lOO 

3 IT l.00 0.33 l.00 l.00 0.33 0.33 0.33 0.33 l.00 0.33 l.00 0.670.33 0.67 0.00 0.00 0.00 0.67 l.00 0.67 l.00 0.67 l.00 l.00 0.67 0.33 l.00 l.00 l.00 l.00 0.00 0.00 2.83 l.00 l.00 0.00 l.00 2.53 

4 IS l.00 0.33 0.67 0.67 l.00 0.33 0.330.67 l.00 0.00 0.67 0.67 l.00 l.00 0.67 0.67 0.33 l.00 l.00 l.00 l.00 l.00 0.00 0.00 0.330.33 0.56 0.56 0.67 0.65 0.54 0.44 l OO l.00 l.00 l.00 l.00 3.00 

5 IT l.00 0.33 0.67 0.670.670.33 0. 33 0.33 0.67 0.67 l.00 0.33 l.00 0.67 0.33 0.33 0.670.33 0.33 0.33 l.00 l.00 l.00 l.00 0.00 0.00 l.00 l.00 l.00 l.00 l.00 l.00 2.83 l.00 l.00 l.00 0.67 2.53 
6 IS 1.00 0.33 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 1.00 0.67 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 1.00 0.56 0.56 0.67 0.65 0.54 0.44 lOO 1.00 1.00 1.00 1.00 lOO 

7 IT l.00 0.33 l.00 l.00 0.670.33 l.00 0.67 l.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.33 0.67 0.67 0.67 0.67 0.67 l.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 2.83 l.00 l.00 0.33 0.33 2.53 

8 IS 0.00 0.00 0.33 0.33 0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.67 1.00 0.33 0.33 0.33 1.00 0.67 0.67 0.67 1.00 1.00 1.00 1.00 1.00 0.33 0.56 0.56 0.67 0.65 0.54 0.44 l OO 1.00 0.67 0.33 0.67 1.33 

9 IT 0.67 0.67 0.67 0.330.670.33 0.33 0.670.33 0.33 0.33 0.330.33 0.33 0.00 0.00 0.00 0.00 l.00 l.00 l.00 l.00 l.00 l.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.83 l.00 l.00 0.67 0.33 2.53 

JO IS 0.67 0.67 0.33 OJ30.33l.00 l.00 l.000.33 0.67 l.00 0.670.67 0.33 0.00 0.67 0.000.33 l.000.67 l.00 l.00 l.00 l.00 l.00 0.33 0.56 0.56 0.67 0.65 0.54 0.44 2.000.33l.00 l.000.67 3.00 

II IT l.00 0.33 l.00 l.00 0.67 0.67 l.00 l.00 0.33 0.67 0.67 0.671.00 l.00 0.00 0.00 0.00 l.00 l.00 0.00 l.00 l.00 l.00 l.00 0.00 0.33 l.00 l.00 l.00 l.00 l.00 0.672.83 l.00 l.00 0.671.00 2.53 

12 IS l.00 0.33 l.00 l.00 l.00 0.33 0.67 l.00 l.00 0.33 l.00 0.33 l.00 0.67 l.00 0.67 l.00 l.00 l.00 0.00 l.00 l.00 l.00 l.00 l.00 l.00 0.56 0.56 0.67 0.65 0.54 0.44 lOO l.00 l.00 l.00 l.00 3.00 

13 IT 1.00 1.00 1.00 0.33 0.670.33 0.33 0.330.33 0.00 0.67 1.00 0.67 0.67 0.00 0.00 0.00 0.67 1.00 0.33 0.67 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.83 0.670.33 0.00 0.00 2.53 

14 IS 0.00 0.33 l.00 0.33 l.00 l.00 l.00 l.00 l.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.000.330.33 0.33 0.33 l.000.33 l.000.000.00 0.56 0.56 0.67 0.65 0.54 0.44 l 000.67l.00 1.000.67 3.00 
IS IT 1.00 0.67 1.00 1.00 0.67 1.00 1.00 1.00 1.00 0.33 1.00 0.67 0.67 0.67 0.67 0.33 0.33 1.00 0.67 0.33 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 2.83 1.00 0.670.330.33 2.53 
16 IS l.00 0.33 0.67 0.670.671.00 0.330.33 l.00 0.33 1.00 0.670.67 l.00 0.33 0.67 l.00 0.67 0.671.00 1.00 1.00 l.00 l.00 0.33 0.33 0.56 0.56 0.67 0.65 0.54 0.44 lOO 1.00 1.00 0.33 0.67 2.00 

17 IT l.00 0.67 1.00 1.00 0.00 033 0.00 0.00 0.00 033 0.00 0.67 0.33 0.67 0.67 1.00 0.670.670.671.00 0.671.00 033 0.67 0.00 0.00 0.67 0.33 0.67 0.67 l.00 0332.83 033 l.00 1.00 033 2.53 

18 IS 1.00 0.67 1.00 0.67 1.00 1.00 0.67 l.00 0.67 033 0.67 033 0.33 0.67 l.00 l.00 0.670.67 l.00 0.67 0.67 1.00 0.33 l.00 033 0.67 0.56 0.56 0.67 0.65 0.54 0.44 lOO 1.00 l.00 0.67 l.00 2.33 

19 IT 1.00 0.33 l.00 l.00 l.00 1.00 1.00 l.00 1.00 033 l.00 0.67 1.00 1.00 l.00 l.00 1.00 1.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 1.00 1.00 l.00 l.00 0.67 l.00 l.00 3.00 l.00 l.00 l.00 l.00 233 

19 IS l.00 0.67 l.00 l.00 l.00 l.00 1.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 1.00 1.00 1.00 l.00 l.00 1.00 1.00 1.00 l.00 l.00 l.00 1.00 1.00 0.67 1.00 1.00 l OO l.00 l.00 0.67 l.00 2.33 

19 2T l.00 033 l.00 l.00 1.00 l.00 l.00 1.00 1.00 l.00 1.00 1.00 1.00 1.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 1.00 l.00 l.00 l.00 l.00 l.00 1.00 l.00 l OO 1.00 1.00 l.00 1.00 2.33 

19 2S l.00 033 1.00 1.00 1.00 l.00 l.00 1.00 l.00 l.00 1.00 l.00 l.00 1.00 l.00 l.00 l.00 1.00 l.00 l.00 1.00 l.00 1.00 1.00 l.00 1.00 1.00 l.00 l.00 l.00 1.00 l.00 lOO l.00 1.00 1.00 l.00 lOO 

20 IT 1.00 0.33 1.00 l.00 l.00 l.00 l.00 l.00 1.00 0.50 l.00 0.50 l.00 1.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 1.00 l.00 1.00 l.00 l.00 l.00 l.00 l.00 l.00 1.00 0.672.00 1.00 1.00 l.00 l.00 2.00 

20 IS 0.670330.670.67 1.001 .00 1.00 1.00 1.00 0.67 1.00 1.000.67 1.00 1.00 1.00 1.00 1.001.001.001 .001.001 .001.001.00 1.00 1.00 1.00 1.00 1.00 1.000.672.000.670.670.670.67 2.00 
20 2T 1.00 033 l.00 1.00 1.00 1.00 l.00 1.00 1.00 0.67 l.00 l.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00 1.00 1.00 1.00 2.00 
20 

2S l.00 0.00 l.00 l.00 l.00 l.00 l.00 l.00 l.00 0.67 l.00 l.00 l.00 l.00 l.00 l.00 l.00 1.00 1.00 l.00 l.00 l.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 0.911.010.77 0.81 2.00 

http:0.911.010.77
http:1.000.672.000.670.670.670.67
http:1.000.67
http:0.670330.670.67
http:0.672.00
http:0.670.67
http:0.671.00
http:0.670.670.671.00
http:0.671.00
http:0.670.67
http:0.330.33
http:0.670.671.00
http:0.670.330.33
http:0.670.67
http:1.000.67
http:000.67l.00
http:l.000.000.00
http:l.000.33
http:0.000.330.33
http:0.000.00
http:2.830.670.330.00
http:0.330.67
http:0.330.670.330.330.330.33
http:0.671.00
http:0.672.83
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http:0.442.000.33l.00
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http:0.330.330.67
http:0.670.33
http:0.671.00
http:0.330.67
http:0.670.330.33


APPENDIX 5b: Raw data of post-test skill scores 

NoS 02-1 02-202-302-4 B-1 B-2 B-3 B-4 B-5 ET-I ET-2ET-3E-4 ET-5ET-6 ET-7ET-8C C-2 C-3 C-4 C-5 C-6 C-7 B- 1 B-2 P- I P-2 P-3 P-4 P-5 P-6 V-I V-2 F-I F-2 F-3 other 

I 2T 1.00 0.33 1.00 0.670.671.00 1.00 1.00 0.33 1.00 1.00 0.331.00 1.00 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.330.331.00 1.00 1.00 1.00 1.00 1.00 2.99 1.00 1.00 1.00 0.67 2.99 

2 2S 1.00 0.33 0.67 0.670.67 1.00 1.00 1.00 1.00 0.67 1.00 0.67 1.00 1.00 0.33 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 0.330.330.99 0.960.98 0.99 0.99 0.% 3.00 1.00 1.00 1.00 0.67 3.00 

3 2S 1.00 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 0.92 0.94 0.95 0.99 0.99 0.99 0.99 0.67 0.67 0.99 0.96 0.98 0.99 0.99 0.96 3.00 1.00 1.00 1.00 1.00 3.00 

4 2T 1.00 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 1.00 1.00 1.00 2.99 1.00 1.00 1.00 1.00 2.99 

2T 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 0.67 0.67 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.99 1.00 1.00 1.00 1.00 2.99 

6 2S 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.94 0.95 0.99 0.99 0.99 0.99 0.670.670.990.960.980.990.990.96 3.00 1.00 1.00 1.00 1.00 3.00 

7 2S 1.00 1.00 1.00 1.00 0.67 0.67 0.67 0.67 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.94 0.95 0.99 0.99 0.99 0.99 1.00 0.33 0.99 0.96 0.98 0.99 0.99 0.96 3.00 1.00 1.00 1.00 1.00 3.00 

8 2T 0.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 0.67 1.00 1.00 1.00 1.00 1.00 0.92 0.94 0.95 0.99 0.99 0.99 0.99 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 2.99 1.00 1.00 1.00 0.67 2.99 

9 2T 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 0.670.67 1.00 1.00 1.00 1.00 1.00 1.00 2.99 1.00 1.00 1.00 0.67 2.99 

10 2S 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ~1.3:; 1.00 1.00 1.00 1.00 0.67 0.67 0.670.920.940.950.99 0.99 0.99 0.99 I.OU LOO 0.99 0.96 0.98 0.99 0.99 0.96 3.00 1.00 1.00 1.00 0.67 3.00 

II 2S 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 0.67 1.00 1.00 1.00 1.00 0.670.920.940.950.990.990.990.99 1.00 1.00 0.99 0.96 0.98 0.99 0.99 0.96 3.00 1.00 1.00 1.00 1.00 3.00 

12 2T 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 0.67 1.00 1.00 1.00 1.00 1.00 0.92 0.94 0.95 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.672.99 1.00 1.00 1.00 1.00 2.99 

13 2T 1.00 0.67 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.99 1.00 1.00 1.00 1.00 2.99 

14 2S 1.00 0.67 1.00 1.00 0.67 1.00 1.00 1.00 1.00 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.98 0.99 0.99 0.96 3.00 1.00 1.00 1.00 1.00 3.00 

15 2S 1.00 0.67 0.67 0.67 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 1.00 1.00 1.00 1.00 1.00 0.670.670.99 0.96 0.98 0.990.99 0.963.00 1.00 1.00 1.00 1.00 3.00 

16 2T 0.67 0.67 0.67 0.67 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 2.99 1.00 1.00 0.33 1.00 2.99 

17 2T 1.00 0.67 1.00 1.00 0.67 1.00 0.67 0.67 1.00 0.33 1.00 0.67 1.00 1.00 0.67 0.67 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.99 1.00 1.00 1.00 1.00 2.99 

18 2S 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.98 0.99 0.99 0.96 3.00 1.00 1.00 1.00 1.00 3.00 

http:0.963.00
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APPENDIX 5c: Raw data of pretest behavior scores 

name Scenario ori-l ori-2 ori-3 PeL-l Com-l Com-2 Com-3 Com-4 gr-l plan-l plan-2 time-l time-2 vigi-I vigi-2 

lIT 0.00 0.00 0.00 2.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 

2 IS 0.67 0.67 0.33 3.00 0.33 0.33 0.33 0.67 1.00 0.33 0.33 0.33 0.33 0.33 0.67 

3 1 T 1.00 0.67 0.33 3.00 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.33 0.33 1.00 

4 IS 0.67 1.00 0.67 4.33 1.00 1.00 1.00 0.67 1.00 1.00 0.67 1.00 0.67 1.00 1.00 

5 IT 1.00 0.67 1.00 4.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 0.67 0.67 1.00 

6 IS 1.00 0.67 0.67 4.33 1.00 1.00 1.00 0.67 0.67 1.00 1.00 1.00 0.67 1.00 1.00 

7 1 T 0.00 0.00 0.67 2.33 0.33 0.67 1.00 0.33 1.00 1.00 0.00 1.00 0.33 0.33 0.33 

8 1 S 0.33 0.33 0.00 3.00 0.67 0.33 0.33 0.33 0.67 1.00 0.00 0.67 0.33 0.33 0.67 

9 1 T 0.00 0.33 1.00 3.33 0.33 1.00 0.33 0.33 1.00 0.67 0.33 0.67 0.33 0.67 0.67 

10 IS 1.00 1.00 1.00 4.67 1.00 1.00 0.67 0.67 1.00 1.00 0.67 1.00 0.33 1.00 1.00 

11 IT 1.00 0.67 0.33 3.33 0.33 1.00 0.67 0.67 1.00 0.67 0.33 0.67 0.67 0.67 0.33 

12 IS 1.00 1.00 1.00 4.00 1.00 0.67 0.67 0.67 1.00 1.00 0.33 1.00 0.33 1.00 0.33 

13 1 T 0.33 0.33 0.33 2.00 0.33 0.67 0.33 0.67 1.00 0.67 0.67 0.33 0.00 0.67 0.00 

14 IS 0.67 0.33 0.33 4.00 1.00 0.67 0.33 0.33 l.00 0.33 0.33 0.33 0.33 1.00 0.67 

15 1 T 0.67 0.33 0.33 l.33 0.67 1.00 0.67 0.67 l.00 0.67 0.00 l.00 0.33 0.00 0.33 

16 IS l.00 l.00 0.33 3.67 0.67 l.00 0.33 0.67 l.OO 1.00 0.67 l.OO 0.67 1.00 0.67 

17 IT l.OO 1.00 0.67 3.33 0.67 1.00 1.00 1.00 l.OO 1.00 0.33 0.33 0.33 1.00 l.OO 

18 1 S 1.00 0.67 1.00 2.67 0.67 0.33 0.67 0.67 1.00 l.OO 0.67 0.67 0.67 0.33 0.67 

19 1 T l.OO l.oo l.oo 5.00 1.00 0.67 1.00 1.00 1.00 0.67 0.67 l.OO 0.67 l.OO 1.00 

19 1 S 1.00 l.00 1.00 4.67 l.00 0.67 l.00 l.00 1.00 l.00 l.00 1.00 l.00 l.00 l.00 

19 2 T 1.00 1.00 1.00 4.00 l.00 0.67 l.00 l.00 l.00 l.00 l.00 l.00 1.00 l.00 1.00 

19 2S 1.00 l.00 l.00 4.00 l.00 l.00 1.00 l.00 1.00 l.00 1.00 1.00 1.00 1.00 1.00 

20 1 T 1.00 1.00 1.00 4.67 1.00 0.67 l.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 

20 1 S 1.00 1.00 1.00 4.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

20 2 T 1.00 1.00 1.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

20 2S l.00 1.00 1.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



APPENDIX 5d: Raw data of post-test behavior scores 

name Scenario orient-I orient-2 orient-3 PeLab-1 Commu-I Commu-2 Commu-3 Commu-4 gr-I p1an-1 p1an-2 time- I time-2 vigi-I vigi-2 

2T 0.67 0.67 1.00 3.00 0.67 0.67 0.67 1.00 1.00 0.67 0.67 0.67 0.67 1.00 1.00 

2 2S 1.00 0.67 0.33 2.67 0.33 0.33 0.33 1.00 1.00 0.33 0.33 0.33 0.67 0.33 0.67 

3 2S 1.00 1.00 1.00 3.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 0.67 1.00 1.00 

4 2T 1.00 1.00 1.00 3.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

5 2T 1.00 1.00 1.00 3.33 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

6 2S 1.00 1.00 1.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

7 2S 1.00 1.00 1.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 0.67 1.00 1.00 1.00 

8 2T 0.33 0.67 0.67 3.33 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 0.67 1.00 

9 2T 0.67 1.00 1.00 3.33 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 0.67 1.00 1.00 

10 2S 1.00 1.00 1.00 4.00 1.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

II 2S 0.67 0.33 0.33 4.00 0.67 1.00 1.00 1.00 1.00 0.33 0.33 0.33 0.67 0.67 0.67 

12 2T 0.67 0.67 0.67 3.67 1.00 1.00 1.00 0.67 1.00 1.00 1.00 0.33 0.67 1.00 1.00 

13 2T 1.00 0.33 1.00 2.67 0.67 1.00 1.00 1.00 1.00 0.67 0.67 0.67 0.67 0.67 0.67 

14 2S 1.00 1.00 1.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 0.67 0.67 0.67 0.67 1.00 

15 2S 1.00 1.00 0.67 4.00 1.00 1.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

16 2T 1.00 1.00 0.33 3.00 1.00 1.00 0.67 0.67 1.00 1.00 0.33 1.00 0.33 1.00 0.67 

17 2T 1.00 1.00 1.00 2.33 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

18 2S 1.00 0.67 0.67 3.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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APPENDIX 6: THE RAW DATA OF THE PARTICIPANTS' 
PRETEST/POST-TEST CLINICAL PERFORMANCE SCORE (S, M, 8) 

FROM THREE RATERS. 

Rater 1 Rater 2 Rater 3 

S M I B S M B S M B 

pre post pre post pre post pre post pre post pre post pre post pre post pre post 

R1 n 0.47 0.7 6 6 0.320.37 0.4 1 6 6 0.32 0.95 0.47 0.81 6 6 0.32 0.89 

R2 S 0.64 0.8 0 3 0.210.33 0.8 1 8 2 0.89 0.94 0.61 0.72 1 0 0.42 0.44 

R3 TS 0.56 0.9 3 5 0.371 .00 0.9 1 6 8 1.00 1.00 0.47 0.86 2 6 0.53 0.83 

R4 ST 0.67 0.9 10 10 0.740.89 0.8 0.9 10 10 1.00 1.00 0.72 0.9 8 9 0.89 0.84 

R5 n 0.44 0.8 10 5 0.740.84 0.9 1 12 6 0.95 0.95 0.67 1 14 6 0.95 0.94 

R6 S 0.81 0.9 1 9 0.681 .00 1 0.9 6 12 1.00 1.00 0.9 1 8 11 0.95 0.94 

R7 TS 0.28 0.7 5 3 0.420.94 0.6 1 4 16 0.63 1.00 0.42 0.97 8 9 0.42 0.94 

R8 ST 0.44 0.8 2 5 0.210.79 0.7 0.9 7 5 0.79 0.95 0.39 0.79 10 5 0.42 0.68 

R9 n 0.28 0.9 6 10 0.420.84 0.6 0.7 8 8 0.89 0.95 0.36 0.97 6 9 0.42 0.79 

R10 S 0.47 0.8 5 7 0.791.00 0.9 1 8 7 1.00 1.00 0.67 0.97 8 7 0.89 0.94 

R11 TS 0.72 0.9 4 6 0.530.50 0.8 1 6 8 0.95 1.00 0.59 0.86 5 7 0.47 0.67 

R12 ST 0.78 0.9 4 7 0.680.63 1 1 6 6 0.95 0.95 0.76 0.9 6 7 0.74 0.84 

R13 n 0.25 1 0 4 0.370.89 0.6 1 8 7 0.63 0.79 0.39 0.9 4 5 0.26 0.47 

R14 S 0.47 0.9 4 6 0.470.89 0.6 1 4 5 0.89 1.00 0.5 0.83 4 8 0.47 089 

R15 TS 0.53 0.8 6 8 0.420.94 0.8 1 6 10 0.63 1.00 0.58 0.89 6 10 0.37 0.94 

R16 ST 0.61 0.9 5 2 0.530.63 0.9 1 6 6 1.00 0.89 0.58 0.83 6 4 0.79 0.68 

R17 n 0.44 0.8 5 5 0.740.84 0.7 1 7 7 0.89 0.84 0.47 0.83 3 6 0.68 0.84 

R18 S 0.83 0.9 4 8 0.470.89 0.9 1 4 9 0.89 1.00 0.58 0.97 5 6 0.63 0.89 

Mean 0.54 0.9 4.446.06 0.51 0.79 0.8 0.9 6.82 7.6 0.88 0.96 0.57 0.89 6.12 6.72 0.61 0.81 

SO 0.17 0.0 2.77 2.21 0.18 0.21 0.1 0.0 1.982.9 0.13 0.06 0.14 0.08 2.94 2.38 0.22 0.16 

E1 1T 0.89 9 0.89 0.9 8 1.00 0.94 9 0.89 

1S 0.95 9 0.95 1.0 8 1.00 0.82 9 0.95 

2T 0.95 9 0.89 1.0 8 1.00 0.83 9 0.89 

2S 0.94 9 1 1.0 8 1.00 0.94 9 1.00 

E2 1T 0.92 4 0.95 0.9 10 1.00 0.89 8 0.89 

1S 0.93 8 0.95 0.8 14 1.00 0.97 14 1.00 

2T 0.94 4 0.95 1.0 10 1.00 0.94 8 0.89 

2S 0.96 4 0.95 
0.9 

10 0.95 0.96 8 0.96 

6 
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R1-R18: 18 residents ; E1-E2: 2 experts 

pre: pretest (referring 1 T or 1 S); 

post: posttest (referring 2T or 2S) 

TT (or SS): As a primary physician, participants acted on cases with 

similar clinical presentation (tachydyspnea or shock) for both 

the pretest and posttest. 

TS (or ST): As a primary physician, participants acted on cases with 

different clinical presentation for the pretest and posttest (such 

as: pretest 1 T followed by posttest 2S, or pretest 1 S followed 

by posttest 2T) 
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APPENDIX 7: PARTICIPANTS' BACKGROUND AND THEIR CLINICAL 
PERFORMANCE 

Name 

Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rll 

R 12 

R13 

R1 4 

R1 5 

R 16 

R17 

R18 

El 

E2 

Expt Age Sex PGY CPR PALS Tblock Confid Pre-SPre-MPre-BPost-SPost-MPost-B 

R 25 M 1 9 8 3 24 0.47 6 0.32 0.86 6 0.74 

R 27 FIN 8 2 19 0.69 3 0.51 0.86 1.67 0.57 

R 29 F 1 12 8 1 20 0.67 3.67 0.63 0.94 6.33 0.94 

R 30 M 3 2 3 8 22 0.75 9.33 0.88 0.93 9.67 0.91 

R 34 M 2 18 18 7 20 0.69 12 0.88 0.95 5.67 0.91 

R 28 M 3 6 6 11 24 0.9 5 0.88 0.97 10.67 0.98 

R 28 M 1 3 12 2 17 0.44 5.67 0.49 0.92 9.33 0.96 

R 36 M 2 21 20 6.5 17 0.54 6.33 0.47 0.86 5 0.81 

R 29 M 4 4 12 8 24 0.42 6.67 0.58 0.97 9 0.86 

R 27 F 3 20 18 6 24 0.69 7 0.89 0.97 7 0.98 

R 26 F 3 12 12 8 19 0.71 5 0.65 0.95 7 0.72 

R 28 F 4 18 24 9 23 0.85 5.33 0.79 0.95 6.67 0.81 

R 27 F 1 34 N o 18 0.42 4 0.42 0.97 5.33 0.72 

R 24 F 1 28 N o 19 0.55 4 0.61 0.94 6.33 0.93 

R 32 M 4 2 2 11 24 0.65 6 0.47 0.91 9.33 0.96 

R 24 F 1 24 N o 22 0.71 5.67 0.77 0.92 4 0.74 

R 26 M 1 3 NO.5 20 0.55 5 0.77 0.9 6 0.84 

R 26 F lION 0.5 22 0.78 4.33 0.67 0.97 7.67 0.93 

E 38 M 7 3 24 16 25 0.93 8.67 0.93 0.94 8.67 0.96 

E 38 M 7 3 24 16 25 0.92 8.67 0.96 0.94 8.67 0.96 

E 38 M 7 3 24 16 25 0.93 8.67 0.93 0.94 8.67 0.96 

E 38 M 7 3 24 16 25 0.96 8.67 1 0.94 8.67 0.96 

E 38 M 10 20 36 12 22 0.93 7.33 0.95 0.94 8.5 0.8 

E 38 M 10 20 36 12 22 0.92 12 0.98 0.94 8.5 0.8 

E 38 M 10 20 36 12 22 0.96 7.33 0.95 0.94 8.5 0.8 

E 38 M 10 20 36 12 22 0.96 7.33 0.32 0.94 8.5 0.8 
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APPENDIX 8: THE CLINICAL PERFORMANCE (AVERAGE S,M, B 
SCORE) BASED ON THE TREATMENT (TRAINING) AND SIMILARITY OF 
CASES 

Parp Tx scenan Si S M B 
1 pre T S 0.47 6.00 0.32 

1 post T S 0.86 6.00 0.74 

2 pre S S 0.69 3.00 0.5 1 

2 post S S 0.86 1.67 0.57 --
0.633 pre T 0 0.67 3.67 

3 post S 0 0.94 6.33 0.94 

4 pre S 0 0.75 9.33 0.88 

4 post T 0 0.93 9.67 0.9 1 

5 pre T S 0.69 12.00 0.88 

5 post T S 0.95 5.67 0.9 1 

6 pre S S 0.90 5.00 0.88 

6 post S S 0.97 10.67 0.98 

7 pre T 0 0.44 5.67 0.49 

7 post S 0 0.92 9.33 0.96 

8 pre S 0 0.54 6.33 0.47 

8 post T 0 0.86 5.00 0.81 

9 pre T S 0.42 6.67 0.58 

9 post T S 0.90 9.00 0.86 -
0.8910 pre S S 0.70 7.00 

10 post S S 0.97 7.00 0.98 

11 pre T 0 0. 71 5.00 0.65 

11 post S 0 0.95 7.00 0.72 

Par Tx scenan Sim S M B 
12 pre S D 0.85 5.33 0.79 

12 post T D 0.96 6.67 0.81 

l3 pre T S 0.42 4.00 0.42 

l3 post T S 0.97 5.33 0.72 

14 pre S S 0.55 4.00 0.6 1 

14 post s S 0.93 6.33 0.93 

15 pre T D 0.65 6.00 0.47 

15 post S D 0.9 1 9.33 0.96 

16 pre S D 0.7 1 5.67 0.77 

16 post T D 0.92 4.00 0.74 

17 pre T S 0.54 5.00 0.77 

17 post T S 0.90 6.00 0.84 

18 pre S S 0.78 4.33 0.67 

18 post s S 0.97 7.67 0.93 

El pre T 0.93 8.67 0.93 

El pre S 0.92 4.00 0.96 

El pre T 0.93 5.33 0.93 

El pre S 0.96 4.00 1.00 

E2 pre T 0.93 7.33 0.95 

E2 pre S 0.92 12.00 0.98 

E2 pre T 0.96 1.67 0.95 

E2 pre S 0.96 4.00 0.95 

S, M, B: were the average scores (skill, medication, behavior) from three 

raters. 

T: clinical presentation of "tachydyspnea" 


S: clinical presentation of "shock" 


Sim: Similarity of pre/posttest case presentation 


S: Similar pre/posttest case presentation 


D: Different pre/posttest case presentation 


E1: expert number 1 


E2: expert number 2 
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