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SUMMARY STATEMENT 

 This systematic review synthesizes the relevant evidence about the effectiveness of 

interprofessional manikin-based simulation training on teamwork among real teams during trauma 

resuscitation in adult civilian emergency departments. A systematic literature search was 

conducted in MEDLINE, CINAHL, EMBASE, EBM reviews, PsycINFO, and Web of Science 

with no time limit. Only experimental and quasi-experimental studies were included. Effects of the 

simulation intervention on teamwork were categorized according a modified version of the 

Kirkpatrick’s model. From the 1120 studies found, 11 studies were included for synthesis. All 

studies showed immediate improvement in teamwork after training, but divergent results were 

found regarding skills retention. Although this review focused on interprofessional manikin-based 

simulations in real trauma teams, the results are similar to previous systematic reviews including 

different types of simulation. This raises significant questions regarding the importance of 

simulation design characteristics to improve teamwork in trauma care.  
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INTRODUCTION 

 Quality and safety in healthcare depend on the successful interaction between multiple 

professionals and on processes aimed at making the right resources available at the right time and 

place for the right patient (e.g., medications, medical equipment, information, and individuals)1,2. 

This is particularly true during trauma resuscitation in adult civilian emergency departments. In 

this phase of the trauma care trajectory, interprofessional teams must make a great number of 

management decisions in a short time to resuscitate, stabilize, and prepare transport of the patient 

to the site of definitive care3. Interprofessional trauma teams are composed of professionals from 

more than one discipline and typically include doctors (e.g., physicians, surgeons, residents), 

nurses, respiratory therapists, as well as other allied health workers4. 

Most preventable errors contributing to trauma mortality and poor outcomes occur during 

the resuscitation phase of trauma care5. Factors contributing to these errors include time pressure, 

multitasking, and—most importantly—failures in teamwork performance5,6. Several issues and 

pitfalls in trauma teamwork performance have been observed, including reluctance to question or 

challenge decisions made by senior colleagues, poor communication among team members, failure 

to establish clear roles or goals, and failure of members to effectively function as part of a team4,7. 

Nevertheless, it is generally recognized that interprofessional teamwork has the potential to 

improve trauma care because it involves multiple professionals with greater amount and variety of 

knowledge to apply in decision making, problem solving, and idea generation. Furthermore, we 

know that professionals from multiple disciplines working in teams can accomplish tasks more 

effectively and efficiently than any individual or discipline working alone8.  

Considering that trauma patients are particularly vulnerable to errors, it is essential that 

individual professionals learn to work in teams to promote effective management and safety in 

emergency departments. To address this issue, the implementation of interprofessional teamwork 

education is strongly recommended to help professionals develop the knowledge, skills, and 

attitudes that underlie effective teamwork in trauma care9. Simulations are commonly used for 

teamwork education in various healthcare settings10,11. Simulation training can be described on a 

continuum from low- to high- fidelity, which refers to the degree a simulation reproduces 

accurately the reality it aims to recreate12. When referring to high-fidelity simulation, simulation 

training often involves manikins capable of reproducing human reactions, thereby providing real-

time information and feedback to learners13. Manikin-based high-fidelity simulation is particularly 
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useful to reproduce critical clinical events requiring complex care procedures (i.e., intubation, chest 

tube placement). This form of training is also well-suited to practice concrete teamwork skills, such 

as communication and leadership14,15. 

To date, two systematic reviews have examined the effectiveness of simulation training on 

teamwork and related behaviors or skills in trauma settings16,17. Both reviews came to similar 

conclusions: simulation is effective at improving teamwork (or non-technical skills). However, 

these reviews were not designed to capture several dimensions known to influence learning in 

simulation, such as the type of simulator, team composition and the environment. The eligibility 

criteria used in these reviews were broad and resulted in the inclusion of studies: 1) with pseudo-

teams (i.e., professionals from different healthcare disciplines who, unlike real trauma teams, do 

not usually work together); 2) with teams composed exclusively of nursing students (Barleycorn et 

al.16 only); and 3) in pediatric or military hospitals, which may not be representative of civilian 

adult trauma centers (Gjeraa et al.17 only). Another issue with these reviews is that no consideration 

was given to simulation design characteristics related to fidelity, such as the simulator, the 

participants or the environment, even if these characteristics are important factors for simulation-

based learning18-20.  

For those reasons, we decided to conduct a systematic review focusing specifically on the 

effect of interprofessional manikin-based simulation training on teamwork of real teams during 

trauma resuscitation in civilian, adult emergency departments.  

 

METHODS 

This systematic review was conducted according to the Joanna Briggs Institute Reviewer’s 

Manual: Systematic Reviews of Effectiveness21; reporting is based on the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines22. The review protocol 

was registered with PROSPERO (registration number not available at this time).  

Eligibility criteria 

The review considered all experimental (e.g., randomized controlled trial) and quasi-

experimental studies (e.g., non-randomized controlled trial, pretest-posttest, and interrupted time-

series design) where the effectiveness of interprofessional manikin-based simulation training on 

teamwork outcomes was investigated in adult trauma emergency departments. Teamwork was 
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defined as the interdependent actions and interactions among team members as they work towards 

achieving a common goal23.  

Population  

 Based on the definition of ‘trauma team’ proposed by Engels et al.24, the population of 

interest included interprofessional teams of at least three different healthcare discipline (generally 

licensed doctors, nurses, and allied health personnel) working in adult trauma emergency 

departments. We decided to focus on simulations involving real trauma teams since it reflects the 

reality of training given in clinical settings and is known to enhance simulation fidelity60. Teams 

involving medical residents were included since residents are licensed physicians pursuing further 

training. Due to potential differences in the pedagogical intent of simulation training in pre-

licensure healthcare professionals, studies focusing exclusively on undergraduate students were 

excluded.  

Interventions 

To be included in this review, manikin-based simulation (i.e. high-fidelity simulator) 

scenarios had to involve an adult who suffered any type of potential life-threatening traumatic 

injury (e.g., polytrauma, traumatic brain injury, burn, spinal cord injury) requiring interprofessional 

resuscitation management in the emergency department. Simulations in laboratory settings or in 

real clinical settings (i.e., in situ) were both considered.  

Comparators 

When available, comparators included any other educational intervention.  

Outcomes 

The modified version of the Kirkpatrick’s Levels of Evaluation model25, a model frequently 

used in simulation-based training26,27, was chosen as the framework to categorize outcomes. This 

model includes the following levels of educational outcomes: (1) learners’ view and reaction to 

training, (2a) modification of attitudes/perceptions, (2b) acquisition of knowledge/skills, (3) 

behavioural change, (4a) change in organisational practice, and (4b) benefits to patients. Immediate 

acquisition of these outcomes (i.e., measured right after the simulation) or retention (i.e., measured 

after a period without simulation) were both of interest. 

In healthcare professional education, teamwork competencies (e.g. knowledge, skills, and 

attitude [KSA] required for effective teamwork performance) are common educational 

outcomes23,28. Team knowledge refers to cognitive processes, that is, key technical and contextual 
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information, as well as the theories and concepts needed to be able to work as a team (e.g., shared 

mental models, understanding of team missions/objectives/norms)29,30. Team skills are the acts and 

procedures needed for teamwork (e.g., backup/supportive behavior, shared leadership, intrateam 

feedback)29. Team attitudes represent the affective attributes (i.e., emotions and attitudes) that drive 

effective teamwork (e.g., team empowerment, team goal commitment, mutual trust)29. Studies 

targeting ‘non-technical skills’ or ‘crisis resource management skills’ were included, since those 

terms are often used to describe teamwork in the literature and refer to similar social and individual 

competencies involved in effective teamwork31,32.  

For this review, the search strategy was constructed to retrieve studies evaluating outcomes 

directly related to teamwork in trauma resuscitation, i.e., changes from baseline in teamwork 

knowledge (level 2b), perception/attitude (2a), skills (2b), or behavior (3). Other changes indirectly 

related to teamwork such as learners’ general reaction to simulation training (level 1), change in 

organizational practice (level 4a), and benefits for patients (level 4b) were also considered in the 

studies retrieved.  

Search strategy  

Six electronic databases—MEDLINE (Ovid), CINAHL, EMBASE (Ovid), EBM reviews, 

PsycINFO, and Citation Index Expanded Medline (Web of Science)—were searched using a 

combination of controlled descriptors (such as MeSH terms, CINAHL headings, and PsycINFO 

thesaurus) and keywords related to the following terms: trauma, wounds, injuries, simulation, 

mannequin, mannikin, team, interprofessional, interdisciplinary, multidisciplinary. A sample of 

the CINAHL search strategy is available in Appendix 1. No time limit was applied. The reference 

lists of all eligible studies and relevant reviews were hand-searched to identify additional studies. 

The search was restricted to papers published in English or French. 

Study selection 

Titles and abstracts of citations retrieved from the initial search were screened 

independently by two reviewers (AL and SB) using Covidence (Systematic Review Software, 

Veritas Health Innovation, Melbourne, Australia). Full texts of eligible citations were retrieved and 

assessed independently by the same reviewers based on the inclusion/exclusion criteria mentioned 

above. Disagreements at any stage of the selection process were resolved through discussion with 

a third reviewer (CA). For data that had been published more than once, only the most complete 

report was included in the review. 
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Quality assessment 

Methodological quality appraisal was carried out independently by two reviewers (AL and 

SB) using the Joanna Briggs Institute Critical Appraisal Tools. This tool includes questions to 

identify risk of bias on several aspects of RCT (13 questions) (e.g., randomization sequence 

allocation, allocation concealment, blinding, completeness of outcome data, selective outcome 

reporting) and quasi-experimental studies (9 questions) (e.g., selection bias, contamination bias, 

measurement bias, maturation threat). For each question, four answers are possible: Yes (clearly 

identifiable through the report description or confirmed by the primary author); Unclear (not clearly 

identified in the report and impossible to clarify with the author); No (not applied appropriately); 

and Not applicable. Disagreements arising between the reviewers were resolved through 

discussion, or with a third reviewer (CA). In addition, following Roberts et al.33 interpretation of 

quality appraisal, both reviewers determined, in discussion, what would constitute high-, moderate- 

or low-quality scores. For RCT, high quality was defined as scores of 10 or more, while 7 to 9 

scored as moderate quality and anything lower than 8 was considered low quality. For quasi-

experimental studies, this resulted in scores of 8 or 9 defined as high quality, 6 or 7 as moderate 

quality, and any score lower than 6 as low quality. 

Data extraction and synthesis 

Data were extracted independently by two reviewers (AL and SB) using a validated tool34 

which was adapted for the current review. The adapted tool included five domains: (1) 

identification of the study (title; journal; authors; country; year; host institution); (2) 

methodological characteristics (design; objectives; sample size; groups and controls; outcomes and 

measures); (3) simulation training characteristics following the reporting guidelines for health care 

simulation research35 (simulation environment; instructional design—duration, repetitions, non-

simulation interventions and adjuncts; debriefing); (4) main findings; and (5) study limitations. The 

two data extraction tables for a single paper were combined into one and disagreements were 

resolved through discussion or with a third reviewer (CA). Then, a narrative synthesis of the 

findings was performed, describing both consistencies and discrepancies between the studies. A 

meta-analysis was not possible given that the studies differed significantly with regards to 

interventions, purposes, and outcomes. The methodological quality of individual studies was 

summarized in the form of narrative statements and supported by a critical appraisal table.  
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RESULTS 

Search results  

The initial search yielded a total of 2,064 potentially relevant citations from the following 

databases: MEDLINE 393, CINAHL 258, EMBASE 719, EBM review 85, PsycINFO 38, and 

Web of science 571. After removing duplicates, 1,120 citations were screened, resulting in the 

exclusions of 1,026 citations. A total of 94 full texts were assessed for eligibility and 11 papers 

were included in the final sample. The other 83 papers were excluded for the following reasons: 

(1) language (n=9; not English or French), (2) publication type (n=20; not research), (3) design 

(n=13; not RCT or quasi-experimental study), (4) research context (n=5; not in adult emergency 

departments), (5) intervention type (n=9; not manikin-based simulation), (6) outcomes (n=27; not 

teamwork-related). The screening and selection process followed the PRISMA Checklist 

(Figure 1). Hand-search of included studies did not yield new references.  

Figure 1. PRISMA flow chart 

Study characteristics  

 All studies were published in peer-reviewed journals between 2010–2019. Seven studies 

were carried out in the United States36-42, two in Canada43,44, one in Israel45, and one in Finland46. 
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The majority (n=7)36,37,40,43-46 used a pre-test/posttest, quasi-experimental design without a 

comparison group. The remaining studies (n=4)38,39,41,42 used longitudinal designs to evaluate 

teamwork during real trauma resuscitation and at different time-points after training (ranging 

anywhere from four weeks to twelve months after), without a comparison group. When specified, 

sample sizes varied greatly, ranging from 24 to 430 trauma care professionals. All studies used a 

convenience sample. In terms of team constitution, all studies used already existing teams; and 

only one study randomly assigned professionals to simulation teams45. While the inclusion of 

medical residents was common (n=8/11)36,37,39-44, only one study40 included undergraduate nursing 

students (see Table, Supplemental Digital Content 1, for detailed information on the studies 

characteristics).  

Simulation design characteristics 

All simulations used high-fidelity manikins (mostly SimMan® 3G, Laerdal Medical). 

Trauma teams were most often composed of more than five professionals (n=6/11)36,39,42-45 from 

three or more disciplines (i.e., surgery, emergency medicine, nursing, and other allied health 

workers). Five studies used in situ simulations37,39,42,45,46 (e.g., in the actual patient care 

environment), four used a laboratory setting (sometimes referred to as a simulation center)36,40,43,44, 

one used an on-site simulation38 (e.g., performed in an unused room in the emergency department 

that was repurposed for simulation47), and one used two different environments for the same 

simulation scenario41 (laboratory and in situ).  

Other instructional design characteristics presented a high level of heterogeneity. Training 

programs lasted anywhere from one hour to one day, with most (n=6/11)36,38,39,42-45 extending over 

four hours. Miller et al.39 was the only study who evaluated a complete simulation program (i.e., 

weekly trauma simulation of one hour each over eight weeks). Eight studies included a didactic 

phase delivered through lectures or presentations before the simulation36,38,39,41-44,46. The main 

themes addressed during the didactic phase were trauma team roles and responsibilities36,39,43,44, 

TeamSTEPPS principles36,38,41, basic CRM principles43,44 and nurse’s role in trauma quality 

improvement38. All of the studies included a debriefing session after the simulation exercises. 

However, only two studies37,38 mentioned the debriefing method used: the 4E method48, and the 

Plus-Delta49. Of note, two studies43,44 evaluated the same educational intervention, the 

S.T.A.R.T.T. (Simulated Trauma and Resuscitative Team Training) course, but did not assess the 
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same outcomes; therefore, both were included in the review (see Table, Supplemental Digital 

Content 1, for detailed information on the simulation characteristics). 

Risk of bias  

Since all studies used quasi-experimental designs, methodological quality of the 

quantitative studies was assessed with the JBI Critical Appraisal Checklist for Quasi-Experimental 

Studies21. Methodological quality ranged from low to moderate (see Table 1).  

 Attrition bias (question 6) was not applicable in six studies37,40,43-46 since those studies’ 

design involved assessments before and immediately after the simulations. For studies with 

multiple post-intervention assessments, this item could not be assessed since participants’ 

characteristics were not specified36,38,39,42. For measurement bias (question 8), studies (n=2)37,43 

including only participant self-assessments were considered at risk. The remaining studies 

(n=9)36,38-42,44-46 included observer assessments, mostly from trained simulation instructors—only 

one of those studies did not report on the training of observers44. In addition, two out of five 

studies42,46 reported poor inter-rater-reliability (ICC<0.5), increasing the risk of measurement bias. 

Three studies36,38,40 did not mention any analysis of inter-rater-reliability. Finally, only two 

studies38,39 reported psychometric properties of the assessment tools that were used, making it 

difficult to fully appreciate the study results50.  

Teamwork definition and assessment of outcomes 

 Almost all studies (n=7) used the concept of ‘teamwork’36,38-42,45, but did not provide an 

explicit conceptual framework or operational definition. However, three studies36,38,41 referred to 

the Team Strategies and Tools to Enhance Performance and Patient Safety (TeamSTEPPS) 

curriculum (i.e., a comprehensive set of material and training curriculum which seeks to enhance 

patient safety through the use of team-based principles) in their intervention design51. Two studies 

focused on ‘non-technical skills (NTS)’ and ‘crisis resource management (CRM) skills’. Gardner 

et al.37 used a concept that they associated with teamwork knowledge: ‘transactive memory 

system’—e.g., a combination of the knowledge possessed by each individual and a collective 

awareness of where knowledge resides within the team. Three studies39,40,45 did not use any form 

of framework.
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Table 1. Critical appraisal for quasi-experimental studies 

 

Questions 

(potential 

bias and 

threats) 

Amiel 

(2015) 

Capella 

(2010) 

Gardner 

(2014) 

Gillman 

(2016) 

Harvey 

(2019) 

Miller 

(2012) 

Paige 

(2019) 

Roberts 

(2014) 

Rosqvist 

(2019) 

Steinemann 

(2011) 

Ziesmann 

(2013) 

Total 

(%) 

1 Y Y Y Y Y Y Y Y Y Y Y 100% 

2 Y U Y Y U U Y Y Y U Y 63% 

3 U Y Y Y Y Y Y Y U Y Y 82% 

4 N N N N N N N N N N N 0% 

5 N Y N Y Y Y N Y N Y N 55% 

6 NA N NA NA U U NA Y NA N NA 20% 

7 Y Y Y Y Y Y Y Y Y Y Y 100% 

8 Y Y N U Y Y Y N N N N 45% 

9 Y Y Y Y Y Y Y Y Y Y Y 100% 

TOTAL 5/8 6/8 5/8 6/8 6/9 6/9 6/8 7/9 4/8 5/8 5/8  

 Mod Mod Mod Mod Mod Mod Mod Mod Low Mod Mod  

Y: Yes, N: No, U: Unclear; NA: Not applicable, Mod: Moderate 

 

Q1. Is it clear in the study what is the ‘cause’ and what is the ‘effect’? (causation/reverse causation) 

Q2. Were the participants included in any comparisons similar? (selection bias) 

Q3. Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest? 

(history threat/systematic difference/contamination bias) 

Q4. Was there a control group? (measurement bias) 

Q5. Were there multiple measurements of the outcome both pre and post the intervention/exposure? (maturation threat, regression to the mean) 

Q6. Was follow up complete and if not, were differences between groups in terms of their follow up adequately described and analyzed? (attrition 

bias) 

Q7. Were the outcomes of participants included in any comparisons measured in the same way? (instrumentation/testing effects threats) 

Q8. Were outcomes measured in a reliable way? (detection/instrument/measurement bias) 
Q9. Was appropriate statistical analysis used? (performance/detection bias 
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Most studies (n=7) assessed more than one outcome related to teamwork. Two studies 

assessed learners’ reaction to training (level 1)38,44; five assessed modifications in 

attitudes/perceptions (level 2a)38,40,41,43,46; eight assessed the acquisition of knowledge/skills (level 

2b)37,38,40-42,44-46; four assessed behavioral change (level 3)36,38,39,42; one assessed changes in 

organizational practice (level 4a)36; and one assessed benefits to patients/clients (level 4b)36 (see 

Table, Supplemental Digital Content 1, for a summary of the outcome levels assessed in the 

studies).  

Direct Outcomes 

Level 2a. Five studies38,40,41,43,46 assessed the effect of manikin-based simulations on 

teamwork perception (i.e., participants’ confidence, self-efficacy in teamwork, perception of their 

real-life trauma resuscitation—related to teamwork or NTS) or attitudes (i.e., intention to apply 

new knowledge and skills, attitude towards knowledge and skills learned, and readiness for 

interprofessional learning) (Table 2). Two studies38,40 reported the use of a validated tools—

including the Brief-TeamSTEPPS Teamwork Perception questionnaire (Brief-T-TPQ)52, the 

Teamwork Assessment Scales (TAS)53, and the Readiness for Interprofessional Learning Scale 

(RIPLS)54—and three studies33,38,46 used questionnaires and surveys designed for the study with no 

published validity data, such as the Interprofessional Teamwork questionnaire (IPT)40.  

Most studies (n=5)38,40,41,43,46 showed immediate improvement in teamwork perception and 

attitude after training. However, one of these studies40 found significant improvement in only two 

of the 19 items on the Readiness for Interprofessional Learning Scale (RIPLS) (i.e., (1) ‘Shared 

learning with other healthcare students will increase my ability to understand clinical problems’ 

and (2) ‘I would welcome the opportunity to work on small-group projects with other healthcare 

students’). Harvey et al.38 found no difference in the Brief-T-TPQ scores between resident and 

nurses, and between the three time periods (baseline, six months, 12 months). Rosqvist et al.46 

found that all NTS performance perceptions improved after simulation, except the 

teamwork/cooperation between specialists and residents, and time management among nurses. In 

the same study, Rosqvist et al.46 observed differences between disciplines: specialists and residents 

mostly improved in time management, knowledge of the trauma resuscitation guidelines, and 

problem identification, while nurses and nursing students mostly improved in knowledge of the 

trauma resuscitation guidelines, decision making, communication, and interaction. 
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Table 2. LEVEL 2 A: Modification of teamwork attitudes/perceptions  

 

Reference 
Main outcome 

evaluated 
Tools 

Timing of 

evaluation 
Assessors Results 

Harvey et 

al. (2019) 

Teamwork 

perception 

Brief-

TeamSTEPPS 

Teamwork 

Perception 

questionnaire (B-

T-TPQ)1 

Pre 

training, 6 

and 12 

months 

after 

training. 

Participant’s 

self-

assessment 

Scores did not 

differ between 

resident 

physicians and 

nurses nor in the 

three time period 

groups.  

Confidence in 

technical and 

nontechnical 

teamwork skills 

(only nurses) 

Trauma RN 

Confidence 
Survey (designed 

for the study) 

Before and 

after 

training  

Participant’s 

self-

assessment 

Trauma nurse 

confidence scores 

increased 

significantly after 

training for all 

technical skills 

and NTS.  

Paige et 

al. (2019) 

Perception of 

individual and 

team simulation 

performance  

Teamwork 

Assessment 

Scales (TAS) 

After each 

scenario 

Participant’s 

self and peer 

assessment 

Self- and peer-

assessments mean 

scores improved 

significantly on 

all subscales from 

scenario 1 to 

scenario 2.  

Interprofessional 

attitudes 

Readiness for 

Interprofessional 

Learning Scale 

(RIPLS) 

questionnaire2 

Before and 

after 

training  

Participant’s 

self-

assessment 

Significant 

improvement on 

2/19 items.  

Interprofessional 

teamwork self-

efficacy 

Interprofessional 

Teamwork (IPT) 

questionnaire 

(designed for the 

study) 

Before and 

after 

training  

Participant’s 

self-

assessment 

Significant 

improvement on 

all 15 items.   

Roberts et 

al. (2014) 

Intention to apply 

knowledge and 

skills learned  Questionnaires 

(designed for the 

study) 

After 

training 

Participant’s 

self-

assessment 

For all questions, 

the most frequent 

response was 

‘strongly agree’. 

Attitudes 

regarding the 

knowledge and 

skills learned  

Rosqvist 

et al. 

(2019)  

Perception of NTS 

performance 

during real-life 

trauma 

resuscitation 

Self-assessment 

questionnaire 

(designed for the 

study) 

Before and 

after 

training 

Participant’s 

self-

assessment 

Participants’ 

perception of 

NTS improved 

significantly, 

except teamwork-

cooperation 

among specialists 

and residents and 
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time management 

among 

nurses/nursing 

students.  

Ziesmann 

et al. 

(2013) 

Attitudes toward 

CRM principles in 

3 domains 

(teamwork, safety 

climate and stress 

recognition) 

Attitude Survey 

Before and 

after 

training 

Participant’s 

self-

assessment 

Significant 

improvement in 

attitudes toward 

CRM in the 

domains of 

teamwork and 

safety climate; no 

improvement for 

stress recognition.  

NTS: Non-technical skills; CRM: Crisis resource management; RN: Registered nurse 

 

Level 2b. Six studies40-42,44-46 assessed acquisition of skills in simulations and one37 assessed 

acquisition of knowledge related to ‘transactive memory’ via a self-rated questionnaire (Table 3). 

Four studies40,42,44,46 used a validated tool to rate or observe teamwork skills in simulation, 

including the Ottawa global rating scale (GRS)55, the Teamwork Assessment Scales (TAS)53, and 

the Trauma Non-Technical skills scale (T-NOTECHS)56. One study41 measured the frequency of 

trained behaviors and the quality of their execution via video recordings of simulation by two 

trained and blinded observers, a surgeon and a nurse. Most studies used a trained observer 

(n=5/7)40-42,45,46, but one did not report observer’s training44.  

All seven studies showed a significant improvement in overall teamwork skills or 

knowledge immediately after training, from both participants’ and observers’ assessments. Six 

studies assessed teamwork skills40-42,44-46. Four40,42,44,46 compared the improvement of skills in 

multiple simulation scenarios (i.e., two and four scenarios). One45 averaged teamwork skills scores 

on pre- and post-tests (four simulations). One41 reassembled the same participants for another 

simulation to measure retention of skills related to team behaviors in a simulation setting (three 

weeks post training). They found that when comparing the pretraining scores with the three-week 

retention results, seven areas out of 17 had lasting training effects: ‘communication’, ‘cooperation’, 

‘situation awareness’, ‘listened to information’, ‘organized’, ‘efficiency’, and ‘instructions 

performed’, all critical indicators of effective teamwork performance. For transactive memory 

assessment, Gardner et al.37 showed that coordination (i.e., ability of team members to work 

together efficiently) and credibility (i.e., the degree to which group members trusted one another’s 
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expertise) increased significantly for all four groups, while only two groups showed a significant 

increase in specialization (i.e., acknowledgment of distributed expertise within the team).  

Table 3. LEVEL 2B: Acquisition of knowledge/skills  

 

Reference 

Main outcome 

evaluated  

(and how) 

Tools 
Timing of 

evaluation 
Assessors  Results 

Amiel et al. 

(2015)  

Teamwork and 

communication 

skills 

(in situ simulation) 

Score on a 

Likert scale 

from 1 to 10 

Before and 

after training 

Participants 

and 4 trained 

instructors  

Trainees self-

assessment 

improved 

markedly after 

training. 

Instructors scores 

showed 29.64% 

improvement for 

teamwork and 

24.48% for 

communication, 

both significant.  

Gardner et 

al. (2014) 

Transactive 

memory 

(specialization, 

team coordination 

and credibility)  

(questionnaire) 

15 items 

questionnaire 

to assess three 

dimensions of 

Transactive 

memory 

Before and 

after training 

Participant’s 

self-

assessment 

For all 4 groups, 

coordination and 

credibility 

increased 

significantly after 

training. Only 2/4 

groups showed a 

significant 

increase in 

specialization.  

Gillman et 

al. (2016) 

CRM skills in 5 

categories 

including 

leadership skills, 

communication 

skills and overall 

performance  

(in simulation) 

Ottawa global 

rating scale 

(GRS)1 

After each 

scenario 

A single 

observer 

Significant score 

improvement 

between the 1st 

and 3rd, 2nd and 

3rd, and 2nd and 4th 

scenarios.  

Paige et al. 

(2019) 

Individual and 

team performance 

(in simulation) 

Teamwork 

Assessment 

Scales (TAS)2 

After each 

scenario 

2 trained 

instructors  

Significant mean 

score 

improvement on 

most subscale 

from scenario 1 to 

scenario 2, except 

for team-based 

behaviors.  
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Roberts et 

al. (2014) 

Changes in team 

and leader 

behaviors  

(in simulation) 

Video records 

of simulation 

(coded 

frequencies of 

trained 

behaviors and 

quality of those 

performances) 

Before, 

immediately 

after, and 3 

weeks after 

training 

Trained and 

blinded 

(stage of 

training) 

surgeon and 

a nurse 

15/17 team and 

leader behaviors 

improved 

immediately after 

training. Results 

were sustained 

after 3 weeks for 

7/17 behaviors. 

Rosqvist et 
al. (2019) 

Teamwork skills 

(leadership, 

cooperation and 

resource 

management, 

communication and 

interaction, 

assessment and 

decision making, 

situation 

awareness/coping 

with stress) 

(in simulation) 

Trauma Non-

Technical 
Skills Scale (T-

NOTECHS)3 

Before and 
after training 

2 expert 
observers 

All scores 

improved 

significantly.  

Steinemann 

et al. 

(2011) 

Teamwork skills 

(leadership, 

cooperation and 

resource 

management, 

communication and 

interaction, 

assessment and 

decision making, 

situation 

awareness/coping 

with stress) 

(in simulation and 

in real life) 

Trauma Non-

Technical 

Skills Scale (T-

NOTECHS)3 

After first 

scenario and 

last scenario 

13 trained 

critical care 

nurses and 4 

research 

assistants 

Significant 

improvement in 

mean scores 

between first and 

last scenario.  

CRM: Crisis resource management 

 

Level 3. For behavioral changes in clinical practice, four studies36,38,39,42 assessed 

participants teamwork skills in real trauma resuscitation with validated tools, including the Trauma 

Team Performance Observation Tool (T-TPOT)57, the Clinical Teamwork Scale (CTS)58, and the 

Trauma Non-Technical skills scale (T-NOTECHS)56 (Table 4). Harvey et al.38 assessed teamwork 

performance with the T-TPOT at multiple time-points (before training, as well as 6 months and 12 

months after) to document behavior retention. Overall, results showed significant improvement in 

teamwork performance at six months but significant decline at 12 months. Three studies compared 

baseline scores with post-simulation mean scores from data gathered at different time-points. 
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Steinemann et al.42 and Capella et al.36 found a significant long-term improvement in mean T-

NOTECHS and T-TPOT scores, when comparing average scores gathered four-seven months prior 

training with average scores gathered three-eight months post-training. Miller et al.39 compared 

average scores during 39 resuscitations at different time points (i.e., pre-training, after didactic 

training only, after in situ simulation training, and one-week after simulation—during 4 weeks). 

Results showed that scores for 11 of 14 measures of the CTS improved from pre-training to the 

didactic training phase. While the scores of all CTS component measures were the highest during 

the in-situ simulation phase, all declined to baseline values during the ‘one-week after simulation’ 

phase, demonstrating no behaviours’ retention over time. 

 

Table 4. LEVEL 3: Behavioural change 

 

Reference 

Main outcome 

assessed 

(and how) 

Tools 

Timing of 

evaluation/ 

Sample of 

observation 

Assessors Results 

Capella et 

al. (2010) 

Teamwork skills 

(leadership, mutual 

support, situation 

monitoring, 

communication) (in 

real clinical 

practice) 

Trauma 

Team 

Performance 

Observation 

Tool (T-

TPOT)1 

Before (4 

months; 

n=33) and 

after the 

training 

session (3 

months; 

n=40) 

Trained 

evaluators  

Team 

performance 

improved 

significantly 

across all 

domains.  

Harvey et 

al. (2019) 

Teamwork skills 

(leadership, 

situation 

monitoring, mutual 

support, 

communication) (in 

real clinical 

practice) 

Trauma 

Team 

Performance 

Observation 

Tool (T-

TPOT)1 

Before 

training (one 

month; n= 

NR), 6 (one 

month; 

n=NR) and 

12 months 

(one month; 

n=NR) after 

training. 

Local 

TeamSTEPPS 

Master 

Trainers/trauma 

clinical care 

experts 

Total scores at 6 

months post-

training were 

significantly 

higher than pre-

training. Scores 

regressed to 

baseline at 12 

months 

postintervention  

Miller et al. 

(2012) 

Clinical teamwork 

(in real clinical 

practice)  

Clinical 

Teamwork 

Scale (CTS)2 

measuring 

14 items of 

teamwork  

Pre-

intervention 

(4 months), 

didactic-only 

phase (4 

months), in 

situ 

simulation 

phase (3 

months and 

3 Trauma 

Nursing Core 

Course 

certified nurses 

trained on use 

of the CTS  

Scores on 11 of 

14 items 

improved (1 

significantly: 

closed loop 

communication) 

from baseline to 

didactic phase. 

12/14 scores 

improved 
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post phase (1 

week after 

simulation, 

lasting 4 

weeks).  

n= 39 

significantly 

from baseline to 

in situ simulation 

phase. In the 

post-phase, all 

scores were 

similar to 

baseline.  

Steinemann 

et al. 

(2011) 

 

Teamwork 

(leadership, 

cooperation and 

resource 

management, 

communication and 

interaction, 

assessment and 

decision making, 

situation 

awareness/coping 

with stress) (in 

simulation and in 

real life) 

Trauma 

Non-

Technical 

skills scale 

(T-

NOTECHS)3 

Before 

training (6 

1/2 months; 
n=141) and 

after (8 

months; 

n=103) 

13 trained 

critical care 
nurses and 4 

research 

assistants 

Significant 

improvement in 

mean scores 

after training.  

NR: Not reported 

 

Indirect outcomes 

Level 1. Two studies40,44 assessed participants’ reaction to manikin-based simulation 

training. Specifically, Gilman et al.44 used a post-course satisfaction survey and found an overall 

satisfaction score of 4.39/5. No differences were found according to professions (i.e., nurses, 

doctors, respiratory therapists). Paige et al.40 assessed participants’ reaction via open questions 

focusing on the value of simulation to learners and how to improve it after each training session. 

They found that participants generally felt that simulation training was worthwhile because it 

allowed to improve clinical skills, autonomy, and interprofessional collaboration.  

Level 4. Capella et al.36 was the only study that assessed changes in organisational practice 

(Level 4a). They assessed the impact of manikin-based simulation training on the time to perform 

CT scans, endotracheal intubation, FAST-examination, as well as time to access the operating room 

and time spent in the emergency department. They found that most of these clinical indicators (i.e., 

time to CT scans, endotracheal intubation, and operating room) decreased significantly after the 

training, showing enhancement of trauma teams’ ability to reach standard critical time indicators 

within their organization. 
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Capella et al.36 was also the only study that assessed simulation training benefits for patients 

(Level 4b). They did not observe any change in complication rates, mortality rates, hospital length 

of stay, or intensive care unit length of stay before (n=176) and after simulation training (n=263).  

DISCUSSION 

This systematic review synthesized current evidence regarding the educational 

effectiveness of interprofessional manikin-based simulation training on teamwork in emergency 

trauma care. There was a significant heterogeneity across the 11 studies reviewed in terms of 

populations, interventions, and outcomes assessed. This limited our ability to pool the data using 

meta-analytical methods. All studies ranged from low to moderate methodological quality, which 

limits the generalizability of the review results. Still, our narrative synthesis suggests that 

interprofessional manikin-based simulation training is effective to improve teamwork 

perception/attitude, skills and behaviors of real teams during trauma resuscitation in adult 

emergency department immediately after training in various environments (i.e., laboratory, on-site, 

or in situ). Moreover, there is some evidence suggesting that interprofessional manikin-based 

simulation training could promote changes in organisational practice through enhanced adherence 

to critical time indicators (e.g., time to CT, time to operating room). For retention of skills and 

behaviors, results showed divergent conclusions: some studies found lasting effects of training (3 

weeks and 6 months post training)38,41, while others found that training effects declined over time 

(4 weeks and 12 months post training)38,39. Given these contradictory results, it is obvious that there 

is limited evidence about skills retention after the implementation of interprofessional manikin-

based simulation training and that studies using a longitudinal design remain necessary. 

Although this review used more specific inclusion criteria, our results are very similar to 

those of Gjeraa et al.17 and Barleycorn et al.16— even though only three36,39,42 of the 11 studies 

analyzed in those prior reviews were included in our own. Since Gjeraa et al.17 and Barleycorn et 

al.16 considered studies with pseudo-teams, students, and less than three disciplines, as well as 

simulators with varying levels of fidelity (i.e., low to high), our results raise questions regarding 

the importance of certain simulation design characteristics related to fidelity for teamwork training.   

It is generally acknowledged that higher fidelity is more effective for higher order learning 

outcomes, such as teamwork and other non-technical skills, and that lower fidelity is appropriate 

for knowledge or technical skills training. However, these ideas have been the subject of many 

debates, with some studies suggesting that fidelity influences simulation-based learning to a certain 
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extent19, while others showed that it does not59. These debates might be related to the various 

conceptualizations of fidelity. For example, Tun et al.12 recently proposed that fidelity consists of 

three dimensions: (1) the resemblance of the simulator or actor to an actual patient; (2) the 

resemblance of the environment to the clinical setting; and (3) the realism of the clinical scenario. 

In addition, Sharma et al.60 added the concept of sociological fidelity, which is concerned with the 

reproduction of the social factors, including professional boundaries, roles, power, etc.  

When considering simulator fidelity, results about its influence on teamwork learning 

outcomes are scarce. Recent studies comparing low- and high-fidelity simulators to improve 

teamwork in nursing and medical students showed no superior educational benefits from either 

type of simulator61,62. Along with this reviews’ results, these findings seem to support Norman et 

al.’s63 observation that the relationship between simulation fidelity and learning is not 

unidimensional and linear. It also suggests that simulators with any level of fidelity can provide 

improvements in teamwork-related outcomes and that there might be other dimensions of fidelity 

to consider. 

This leads to wonder if sociological and environmental dimensions of fidelity—such as a 

simulation involving participants who work together in an actual team and deployed in a real 

clinical setting—would be more critical determinants of teamwork learning for healthcare 

professionals. Evidence suggests that the lack of a real social group participating in a simulation 

often detracts the ability of learners to believe in a situation64. With respect to environmental 

fidelity, most studies included in this review examined simulations in real clinical environments 

(in situ or on-site simulations), possibly because using the real work setting of participants has been 

suggested to be particularly valuable to enhance environmental fidelity and promote transfer of 

learning65. Nevertheless, results of this review suggest that in situ simulations would be just as 

effective as laboratory simulations to improve teamwork. In fact, there is currently no evidence to 

support the superiority of in situ simulations to enhance teamwork66. There is, however, some 

evidence suggesting that its effectiveness relies on the identification of patient security latent 

threats present in the care unit66.  

Recommendations for future research 

 Similarly to previous reviews by Gjeraa et al.17 and Barleycorn et al.16, all studies 

included in the current review used a single-group, pretest-posttest design and none involved a 

control group. Considering that several health professional education experts agree that any 
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educational intervention will lead to some sort of learning benefit when compared to no 

intervention67, controlled studies remain necessary to determine the specific effects of 

interprofessional manikin-based simulation training. Moreover, such studies could be quite 

beneficial in establishing the impact of specific simulator design characteristics. Consequently, to 

delineate the true contribution of simulation in trauma care, studies should rather focus on the 

features (e.g., fidelity, participants, environment, frequency, duration, content, debriefing) that 

make a simulation intervention more effective than another in a given context67,68. 

 Another important point is that most studies did not report a clear conceptual or 

operational definition of ‘teamwork’, with the exception of Gardner et al.37 who studied a precise 

concept related to team knowledge, ‘transactive memory’. This absence of definition could be 

problematic for the advancement of knowledge in the field of trauma simulation as it may give the 

false impression that the concept of teamwork is simple and easily understood. As it was recently 

highlighted, teamwork is a concept used interchangeably with other related concepts such as NTS69 

and CRM skills70. Moreover, no study mentioned a learning theory or theoretical perspective to 

support the study design even if it is recommended in simulations’ standards of best practice71. 

Theories help to clarify an investigator’s underlying assumptions and to sharpen the focus of the 

design, consequently strengthening the evaluation process. For these reasons, it would be important 

to clearly define teamwork based on conceptual or theoretical frameworks in future studies 

assessing this concept.  

 Regarding the tools used to assess teamwork, it should be noted that only two tools 

specific to teamwork evaluation in trauma care were used: T-TPOT57 and T-NOTECHS56. We also 

noted that some authors decided to use other scales not specifically designed to assess teamwork 

in trauma care, such as the Clinical Teamwork Scale (CTS)58, a tool that was previously validated 

in obstetric teams. This suggest two things: (1) current tools may not meet researchers’ needs; and 

(2) there might be a lack of awareness about the importance of using tools previously validated in 

the context in which the phenomenon under study occurs. Consequently, measurement tools 

rigorously created to assess trauma teamwork needs to be validated in this specific critical 

context72. 

 As mentioned by Gjerra et al.17 and Barleycorn et al.16, a major challenge we encountered 

when conducting this systematic review was the heterogeneity of interventions73, which made it 

difficult to compare interventions, analyze results, and formulate clear and specific educational 
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recommendations. This was partly due to incomplete and sometimes unclear reporting of the 

interventions under study. In 2016, extensions to the CONSORT guidelines for reporting 

healthcare simulation research were published and clearly state that the quality of reporting in 

educational intervention research is inconsistent and sometimes poor35. Based on these guidelines, 

we noticed that most studies included in the current review did not report basic elements, such as 

participants’ orientation to simulator/environment, debriefing components, and integration to the 

educational curriculum, which are all key elements of simulation according to best practice 

standards71,74. In any case, future research should use these guidelines to guide their reporting.  

 Finally, it seems that the majority of the simulation literature has been limited to level 1 

and level 2 outcomes, such as teamwork perception and acquisition of knowledge and skills. 

Although we recognize that monitoring changes in behaviors/practice is not an easy endeavor, not 

achieving this level of measurement leaves the studies open to the criticism that learners may have 

been taught to perform well only in a simulated environment and not in real life. Consequently, 

future research should focus on behavioral, organizational, and patient outcomes of simulation-

based training.  

Limitations and strengths  

This systematic review is not without its limitations. First, studies relevant to the topic may 

have been excluded or missed as the literature search was based on a pre-defined search strategy, 

restricted to English and French languages. Since we decided to focus only on adult trauma 

emergency services, possibly relevant articles in the context of pediatric traumatology have not 

been considered. Also, as we did not search unpublished studies, there might be a risk of 

publication bias. However, by trying to address limitations of previous systematic reviews, we 

believe this review contributes further evidence regarding current knowledge on the effects of 

manikin-based simulation training on teamwork knowledge, skills and behavior in the adult 

emergency trauma care context.  

CONCLUSION 

 Based on the literature reviewed, interprofessional manikin-based simulation training 

seems effective to improve teamwork perception/attitude, knowledge or skills, and behavior during 

trauma resuscitation in adult emergency departments immediately after training. In addition, there 

is some evidence that such training can lead to improvement in clinical trauma practice. For skills 

and behaviors retention, conflicting results support the need for additional longitudinal studies. All 
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studies found in this systematic review ranged from low to moderate methodological quality, 

mostly because they used a pre-post intervention design without any control group. While we 

utilized more specific inclusion criteria in order to better address the effects of interprofessional 

manikin-based simulations on actual trauma teams, our results are very similar to those of Gjeraa 

et al.17 and Barleycorn et al.16. This raises questions regarding the importance of simulation design 

characteristics. For these reasons, more extensive controlled trials of high quality are needed to 

show the real value of manikin-based simulations. Moreover, researchers should focus on 

comparing features of simulation intervention to really understand what works to enhance 

teamwork within interprofessional trauma care teams.   
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