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 Generic Crew Resource Management training to improve non-1 

technical skills in acute care - Phase 2: A pre-post multicentric 2 

intervention study 3 

ABSTRACT  4 

BACKGROUND Crew Resource Management (CRM) training aims to improve non-technical 5 

skills to reduce preventable errors in healthcare. This study evaluates a generic CRM 6 

training program for acute care settings by assessing its’ effect on the four levels of 7 

Kirkpatrick.  8 

METHODS The intervention entails a theoretical part and a simulation-based 9 

multidisciplinary team training including debriefing. Pre-post measurements were taken 10 

using questionnaires, observations and interviews. 231 Belgian physicians, midwives and 11 

nurses participated.  12 

RESULTS On level 1, respondents provided high scores and perceived the training as 13 

important. On level 2, a shift in knowledge, skills and awareness was found for 9/23 items. 14 

Observations showed safer teamwork on level 3 for all specialty areas. On level 4, a 15 

significant improvement was measured only for perceptions of management. Hierarchy and 16 

lack of a safety culture hinder the application of CRM in practice.  17 

CONCLUSIONS A generic CRM-training invokes a positive reaction, changes attitude, 18 

knowledge, non-technical skills, and behavior. A onetime CRM-training is insufficient to 19 

change safety culture. The possibility of a generic training for acute specialty areas was 20 

confirmed.  21 

 22 

23 
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KEY POINTS 24 

 A generic CRM-training does not only invoke a positive reaction and changes 25 

attitude, knowledge and non-technical skills, but also objectively changes behavior 26 

 A single CRM-training of the entire unit is insufficient to change safety culture 27 

 A generic training for acute specialty areas (OB, ER, ICU) is possible 28 

 29 

KEYWORDS Crew Resource Management, CRM, Non-technical skills, Team training, 30 

Interdisciplinary, Simulation, Human Factors 31 

 32 

 33 

 34 

  35 
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BODY TEXT 36 

INTRODUCTION  37 

Since the seminal publication of the Institute of Medicine and the WHO Curriculum for 38 

Patient Safety, it is increasingly acknowledged that non-technical skills or human factors 39 

are an important source of errors in healthcare affecting many patients worldwide (Institute 40 

of Medicine, 2000; Franck, Roes, De Schepper, & Timmermans, 2018; Herzberg et al., 41 

2019; James, 2013). Research demonstrates that a substantial amount of these errors are 42 

preventable and deficits in non-technical skills, such as sub-optimal teamwork, 43 

interprofessional communication and decision making, or unclear leadership and task 44 

coordination, remain key root causes (Fransen et al., 2012; Guise & Segel, 2008; Higham 45 

& Baxendale, 2017; Hull et al., 2012; Kao & Thomas, 2008; Leonard, Graham, & Bonacum, 46 

2004; Lingard et al., 2004; Rall & Dieckmann, 2005). 47 

Improving healthcare safety prompts comparison with other high risk industries. In 48 

aviation, research identified that over 70% of aviation accidents are due to human factors. 49 

Consequently, teamwork skill training programs called Crew Resource Management 50 

training have become mandatory for flight crews worldwide. They are focused on training 51 

non-technical skills, or the cognitive, social and self-management skills that contribute to 52 

safe and efficient task performance (Flin, O'Connor, & Crichton, 2008; Willems, Kurka, 53 

Bohmann, Rostek, & Pfeilschifter, 2019).  54 

Because of the similarities Crew Resource Management (CRM) training formats were 55 

adapted to healthcare environments (Gross et al., 2019) with the aim of reducing 56 

potentially preventable errors (Chen, Iqbal, & Li, 2017; Joint Commission International, 57 

2014; Kohn, Corrigan, & Donaldson, 2000; Manser, 2009; Murphy, 2006; Sundar et al., 58 

2007). Although the first efforts in developing a CRM training for healthcare professionals 59 

date from the early 1980’s in the field of anesthesia, concerns about the delivery and 60 

evaluation of CRM programs since then can be raised. A recent review of Gross and 61 

colleagues (2019) on CRM training in healthcare highlighted the need for more research in 62 
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order to establish non-educational criteria for success in the implementation of CRM in 63 

healthcare organizations (Gross et al., 2019). The present study wants to contribute to the 64 

literature, by evaluating  a generic Crew Resource Management training approach for 65 

healthcare professionals working in acute care settings. By this we mean an equal process 66 

of training between the settings. However, the cases used in the training were department-67 

specific. Such a well defined generic CRM team training program could facilitate the 68 

implementation of CRM training across acute care settings.  69 

 70 

THEORETICAL FRAMEWORK 71 

First, the development of such a generic CRM training must be guided by a team task 72 

analysis. Therefore, a preceding needs assessment survey mapped the knowledge, skills, 73 

attitudes and concerns of various acute care professionals toward non-technical skills and 74 

a generic CRM training. The results indicate that a generic CRM training program for all 75 

acute care professionals is feasible provided that specific barriers are taken into account. 76 

Creating a safe no-blame learning environment proved key and a theoretical part preceding 77 

the simulation-based training must help raise awareness of human factors and patient 78 

safety (reference removed for blinding).  79 

Second, as a generic CRM training program for acute care is a new approach, it needs to 80 

be extensively evaluated. Although various models exist, the best-known and most widely 81 

used model for training evaluation is the four-level approach of Kirkpatrick (Kirkpatrick, 82 

1979). The strength of this model lies in its simplicity and pragmatic way of helping 83 

practitioners think about training programs (Tamkin, Yarnall, & Kerrin, 2002). Although 84 

this model dates back to 1959, Tamkin, et al. (2002) state in their review that whilst a 85 

diversity of terminology and categories exist, there are huge areas of similarity in the range 86 

of evaluation models on offer. In addition, evaluation strategies do not appear to have 87 

changed significantly since the development of Kirkpatrick’s model (Tamkin et al., 2002). 88 

Kirkpatrick’s model consists of four stages or levels which have no causal or sequential 89 

relationship (Kirkpatrick & Kirkpatrick, 2016):  90 

1) Level 1: Reaction – what the participants think of the program 91 
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2) Level 2: Learning – the changes in knowledge, skills, or attitude with respect to the 92 

training objectives 93 

3) Level 3: Behavior – changes in job behavior resulting from the program, to identify 94 

whether the learning is being applied 95 

4) Level 4: Results – the bottom-line contribution of the training program  96 

 97 

The aim of the study is to evaluate a generic CRM training program for acute care settings 98 

by assessing its’ effect on the four levels of Kirkpatrick. Additionally, the generic nature of 99 

the training program is evaluated by comparing these effects between several acute care 100 

specialty areas. 101 

 102 

METHODS 103 

METHODOLOGY 104 

An intervention study with a pre- post measurement was set up. 105 

Two research questions were formulated: 106 

1) What is the effect of a generic CRM training program in acute care settings on the 107 

different levels of Kirkpatrick? 108 

a. Participant reaction to the training 109 

b. Participant attitude, knowledge and non-technical skills 110 

c. Participant behavior in clinical practice 111 

d. Changes on organizational level (Kirkpatrick & Kirkpatrick, 2005) 112 

2) Is there a difference in effect of the generic CRM training program between acute 113 

care specialty areas (emergency rooms, intensive care units and obstetric units)? 114 

 115 

SETTING AND PARTICIPANTS 116 

The study and training conditions (multidisciplinary team training in situ, training period, 117 

data collection techniques) were communicated to all acute care hospitals in the Dutch 118 
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speaking part of Belgium. Fourteen acute care wards were prepared to participate in the 119 

study between April 2016 and June 2017. This included eight emergency rooms, one 120 

intensive care unit and five obstetric units. In total 508 physicians, midwives and nurses 121 

participated in the study. Anesthesiologists and all care professionals other than 122 

midwifes/nurses and physicians were excluded. 123 

 124 

DESCRIPTION OF THE INTERVENTION 125 

Based on the results of the preceding needs assessment survey (reference removed for 126 

blinding) and a literature study, a generic CRM training was developed. This training 127 

program consisted of two parts: a theoretical part and a simulation-based multidisciplinary 128 

team training including debriefing. The theoretical part aimed to raise awareness on human 129 

factors and patient safety and provide the participants with knowledge concerning non-130 

technical skills and how to apply these during emergency situations. It was offered as a 131 

plenary session (1.5h) or as an e-learning program (0.5h). 132 

For the simulation-based team training, acute care professionals were divided into groups 133 

of four to six. At least one physician and three midwives/nurses had to be available for the 134 

training to take place. The three-hour simulation-based training was organized by two 135 

EUSIM-trained facilitator/researchers (European simulator instructor course). The training 136 

was provided on the participants’ own ward to ensure familiarity with materials and 137 

stimulate realistic behavior.  138 

Each training started with a half-hour orientation moment to explain the purpose of the 139 

training, the importance of a safe learning environment and the familiarization with the 140 

patient simulator and materials (i.e. telephone system). Then, a genuine emergency 141 

situation was simulated (i.e. eclampsia on an obstetric ward). Participants were briefed on 142 

the starting point of the simulated scenario and the current condition of the patient. In the 143 

emergency room and intensive care unit we used a mannequin-based simulation, in the 144 

obstetric unit we used a real-life simulant. In this high-fidelity simulations, the working 145 

environment was mimicked and served as an educational risk-free training tool (Carron, 146 
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Trueb, & Yersin, 2011). The team applied their usual and known protocols to deal with the 147 

simulated emergency situation. The simulation itself took about 20 minutes and always 148 

ended in the team gaining control over the situation. Each simulation was followed by a 149 

debriefing of on average 45 minutes. During this debriefing participants reflected on their 150 

actions and non-technical skills in the simulation. To protect the safe learning environment 151 

facilitators emphasized positive feedback and mutual points of improvement concerning 152 

collaboration and communication. Subsequently, a second emergency situation (i.e. 153 

neonatal resuscitation on an obstetric ward) was simulated and debriefed. The need for 154 

this second scenario derived from revision of the CRM training by a group of experts and 155 

prototyping by an entire multidisciplinary emergency room team. As such, participants had 156 

the opportunity to apply and internalize what they learned from the first scenario. 157 

This simulation-based training in small groups was repeated until every physician, 158 

midwife/nurse on the acute care ward had been trained.  159 

 160 

DATA COLLECTION 161 

For each of the levels of Kirkpatrick a data collection technique was matched to ensure 162 

valuable data. This resulted in a mix of three techniques: online questionnaires 163 

(Qualtrics®), observations and interviews. Pre- and post measurements were obtained 164 

one month preceding the program and one month after the program for the questionnaires 165 

and observations of levels two to four. 166 

The observations were executed during unexpected simulations on the ward. The time of 167 

measurement and the scenarios were kept identical. Each ward had one unexpected 168 

simulation at pretest and one unexpected simulation at posttest. Therefore, the pre- and 169 

posttest teams did not necessarily consist of the same individuals as only the team 170 

members working at that specific time of measurement were observed. We considered this 171 

random selection of team members to be representative of their team. In total, eighty-six 172 

participants were observed. Although these observations were executed in all 14 acute 173 
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care wards, the film of two wards was damaged. Therefore, only 12 pre-post observations 174 

could be analyzed. An expert rater judged the non-technical team skills in every film in 175 

random order without knowing if the film was a pre- or posttest.  176 

Following the training permission was asked to contact participants for an interview. From 177 

this pool a purposive sample was selected based on participation in both theory and 178 

simulation, and a variation in age and function. Eleven OB and ER participants were 179 

interviewed within one month after the training. Each semi-structured interview began with 180 

the open and broad question: “What did you think of the training topic?”. During the 181 

interview the researcher posed probing questions to uncover the participant’s experience 182 

with the training on each of the levels of Kirkpatrick. The interviews were audiotaped.  183 

 184 

An overview of the data collection techniques and instruments can be found in Table 1. 185 

 186 

TABLE 1 NEAR HERE 187 

 188 

STATISTICAL ANALYSIS  189 

Statistical data analyses were conducted using SPSS version 26.0 (IBM, 2019). Only 190 

respondents who followed the entire program (theory and simulation) and completed both 191 

the pre- and posttest were included in the analysis. This resulted in a sample of 231 192 

respondents.  193 

Quantitative analysis 194 

Level 1 – participant reaction to the training 195 

Descriptive statistics were provided for the program evaluation scores and EOC questions 196 

that were only posed at posttest. The McNemar testing was carried out to detect significant 197 

changes between EOC questions that were posed pre- and posttest. 198 

Level 2 – participant knowledge and non-technical skills 199 
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The HFAS questions were originally set on a 5-point Likert scale, which was recoded to 200 

construct a binary variable: totally disagree or disagree = 0 ; totally agree and agree = 1, 201 

and no opinion was set to missing. McNemar testing was carried out to detect significant 202 

changes between pre- and posttest measurements. 203 

Level 3 – participant behavior in clinical practice 204 

The pre- and posttest was considered a paired measurement, which was analyzed in a 205 

linear mixed model framework. Across all models, the score on the Clinical Teamwork Scale 206 

was entered as dependent variable, time (pre or post) as fixed effect, and setting as 207 

random intercept. For characteristic comparison of the pre- and post intervention teams 208 

participating in the unexpected simulations Chi-square or Kruskal-Wallis tests were 209 

performed (Table 3). 210 

Additionally, we tested a main effect of specialty area (emergency rooms, intensive care 211 

units and obstetric units) in a model with time and specialty area as fixed effects.  212 

Level 4 – changes on organizational level 213 

The SAQ questions were originally set on a 5-point Likert scale, which was recoded to 214 

construct a binary variable: totally disagree or disagree = 0 ; totally agree and agree = 1, 215 

and no opinion was set to missing. The summary values of the SAQ were treated as 216 

numerical (continuous) outcomes. The difference between the pre- and the posttest was 217 

modeled by fitting mixed models with individual ID as random effect, to account for the 218 

repeated measurements within the same individual. Time was entered as a fixed effect. 219 

Due to convergence problems, it was not possible to include the specialty area as covariate 220 

in the analysis. 221 

Across all analyses, a P-value below0.05 was considered significant. 222 

Qualitative analysis 223 

The interviews were transcribed verbatim. A descriptive thematic analysis per level of 224 

Kirkpatrick was performed with themes emerging from the data. The software program 225 
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NVIVO 12 was used. For dependability focusing on the research objective, trying to explore 226 

the same areas for all the participants and self-reflection were important points of interest.  227 

 228 

 229 

ETHICAL CONSIDERATIONS 230 

Data were collected and analyzed confidentially, taking into account European legislation 231 

regarding the “General Data Protection Regulation” (GDPR). Because this concerns a study 232 

in which only adult healthcare workers participate on their own free will and after informed 233 

consent, based on the ICH-GCP principles ethical approval was not sought for the present 234 

study (European Medicines Agency, 2016). Furthermore, the management of every 235 

participating hospital approved the study and every potential respondent received an 236 

invitational letter containing information on the study objective and methodology, and 237 

informed consent was obtained at the beginning of the study. Additionally, participants 238 

were allowed to terminate the study at any time they desired.  239 

 240 

RESULTS 241 

A description of the respondents is provided in Table 2.  242 

TABLE 2 NEAR HERE 243 

 244 

LEVEL 1 – PARTICIPANT REACTION TO THE TRAINING 245 

Quantitative results - General 246 

Figure 1 depicts high overall scores on the separate training parts. In addition, participants 247 

provided high usefulness scores for both the theoretical and the simulation-based training 248 

part. This indicates that what they learned was strongly transferable to their daily practice. 249 

The mean score of the entire training program (theoretical and simulation-based part) 250 

totaled up to 7.4/10 (SD 1.6). 251 
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 252 

FIGURE 1 NEAR HERE 253 

 254 

Following the training program the majority of participants was convinced that this training 255 

could improve patient safety and quality of care (80%). It caused them to act differently 256 

in acute situations (79%) and improved their knowledge and skills (68%). More than half 257 

of participants stated that they really needed this training (57%). Table 3 depicts how their 258 

attitude towards simulation-based training changed after the intervention. 259 

 260 

TABLE 3 NEAR HERE 261 

 262 

Quantitative results – comparison between acute care specialty areas 263 

Although high scores were noted for all specialty areas, ER participants scored the 264 

theoretical part, the simulation-based part and the entire training program significantly 265 

lower than participants of obstetric or intensive care units. As such, the mean score of 266 

the entire training program totaled up to 7.0/10 (SD 1.8), 7.8/10 (SD 1.3), and 8.3/10 267 

(SD 0.9) for ER, OB and ICU respectively (p <0.001). 268 

In line with these results, at post test ER participants indicated significantly less that the 269 

training caused them to act differently in acute situations (73% versus 88% in OB and 270 

82% in ICU, p=0.025), improved their knowledge and skills (61% versus 78% in OB and 271 

82% in ICU, p=0.014), and that they really needed this training (50% versus 65% in OB 272 

and 82% in ICU, p=0.019). 273 

However, when comparing participant’s attitude toward simulation-based training before 274 

and after the intervention, some of the greatest significant improvements after training 275 

are observed in emergency rooms. For instance, ER participant’s worry about how others 276 

will judge their work based on how they perform during simulation-based training 277 
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decreased 20% at post test (p<0.001), while OB noted a reduction of 1% (p= 1.000) 278 

and ICU a steady state (p=1.000).  279 

Qualitative results 280 

The overall perception of participants was that the training was important, well designed 281 

and left them with a positive feeling. The scenarios in the simulation-based part were 282 

perceived as not too technical, making it possible to focus on the communication.  283 

Some found the scenarios realistic, others stated that they did not reflect a real life 284 

situation. For the latter, the mannequin often proved to be a stumbling block.  285 

“The scenarios were very realistic. Especially the eclamptic convulsions.” 286 

(Interviewee 3 – OB, Midwife) 287 

“This is not a real life situation. From a real patient you get feedback. It is very 288 

difficult for people who have seen this in real life. In a real situation I would have 289 

done different things much faster.” (Interviewee 6 – ER, physician) 290 

Some participants were anxious to participate in the training because they were afraid to 291 

fail. Others were looking forward to training with their team because they felt safe. 292 

Overall they described that they had to cross an initial threshold of anxiety and 293 

resistance, but had a changed attitude after participating. 294 

“Some of the older generation asked “do we really have to do this?” But once we 295 

had done it, everyone was positive. We had the feeling that we had to maintain 296 

this and could do it more often.” (Interviewee 7 – OB, Midwife) 297 

 298 

LEVEL 2 – PARTICIPANT KNOWLEDGE AND NON-TECHNICAL SKILLS 299 

Quantitative results - General 300 

Participant’s responses revealed a significant shift in 9 out of 23 items on knowledge, skills 301 

and awareness concerning human factors and non-technical team skills (Table 4).  302 

 303 
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TABLE 4 NEAR HERE 304 

 305 

Quantitative results – comparison between acute care specialty areas 306 

In 17 out of 23 items all three specialty areas displayed a similar increasing or 307 

decreasing trend.  308 

For instance, 92% of OB participants agreed at posttest that team members should 309 

question the decisions or actions of the team leader during a procedure (item 14). This is 310 

an increase of 15% compared to the pretest (p=0.002). 88% of ER participants agreed, 311 

which indicates an increase of 12% (p = 0.008) and 91% of ICU participants, showing an 312 

increase of 9% (p=1.000). 313 

In seven of these 17 items one specialty area displayed a steady state. For instance, 314 

96% of OB participants agreed at posttest that the team leader should encourage team 315 

members to raise questions during emergencies (item 11). This is an increase of 4% 316 

compared to the pretest (p=219). 96% of ER participants agreed, which indicates an 317 

increase of 7% (p = 0.064) and 100% of ICU participants, displaying a steady state 318 

(p=1.000). 319 

In six out of 23 items one specialty area displayed a contrasting trend. For instance, 92% 320 

of OB participants agreed at posttest that the team formation and decision-making skills 321 

of the team leader are as important as the technical skills (item 6). This is a decrease of 322 

2% compared to the pretest (p=0.754). 92% of ER participants agreed, which indicates 323 

an increase of 6% (p=0.152) and 91% of ICU participants, showing an increase of 9% 324 

(p=1.000).  325 

However, for both the steady state as the contrasting trends, the percentage of 326 

agreement at posttest remained within the same order of magnitude across the three 327 

specialty areas. 328 

Qualitative results 329 
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Participants indicated that the training created more connection and understanding within 330 

the team. Additionally, it made them more aware of the importance of communication and 331 

teamwork.  332 

“The training was an eye-opener. I think that beforehand a lot of people thought: 333 

‘Do we need this? It is going fine.’ But after the training you think: ‘Yes, we do need 334 

this. It is not going fine.’” (Interviewee 1 – ER, Physician) 335 

 336 

It also revealed points of improvement.  337 

“I look differently at teamwork now. Especially the factor of hierarchy that you have 338 

to overcome and dare to breach.” (Interviewee 4 – OB, Midwife) 339 

 340 

Participant’s knowledge of CRM principles was focused on repeating and confirming 341 

instructions, time-out, speak-up and flexible leadership. 342 

“I have learned to speak up. Really talk more and think and act less to yourself. // 343 

communicate more openly. Do not assume that others think what you think or know 344 

what you think.” (Interviewee 11 – OB, Midwife) 345 

“The most important thing that I remember is that leadership should be dealt with 346 

flexibly. Also in acute situations in healthcare.” (Interviewee 9, ER, Nurse) 347 

 348 

LEVEL 3 – PARTICIPANT BEHAVIOR IN CLINICAL PRACTICE 349 

Quantitative results - General 350 

Observations showed that participants exhibited different (and safer) teamwork during the 351 

unexpected simulation one month after the intervention compared to the behavior one 352 

month before the intervention. This change on the Clinical Teamwork Scale proved to be 353 

significant (p= 0.003; Wilcoxon Signed Rank test). On average, the post-intervention score 354 

was 1.08 units higher compared to the pre-intervention score (95%CI 0.63 - 1.53). 355 

 356 

FIGURE 2 NEAR HERE 357 

 358 
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To exclude that the difference between the pre- and the post-intervention score was 359 

attributable to a difference in the composition of the intervention teams, we tested the 360 

pre- and the post teams for differences in several variables. None of these variables showed 361 

a difference between pre and post-intervention teams. It is therefore very unlikely that the 362 

difference in score between the pre- and post-intervention, is attributable to a difference 363 

in team composition. 364 

TABLE 5 NEAR HERE 365 

Quantitative results – comparison between acute care specialty areas 366 

We tested a main effect of specialty area on the Clinical Teamwork Score in a model with 367 

time and specialty area (OB, ER, ICU) as fixed effects. The main effect of the specialty 368 

areas was not significant (p=0.380). Therefore, there seems to be no systematic 369 

difference in Clinical Teamwork score (across time points) between the different acute 370 

care specialty areas. 371 

Qualitative results 372 

Participants described that they noticed small changes in team behavior such as giving 373 

clear instructions and repeating them, short discussions after an intervention and 374 

speaking their mind. However, others stated that they did not notice any changes or had 375 

not yet had an opportunity to apply their knowledge. 376 

 377 

LEVEL 4 – CHANGES ON ORGANIZATIONAL LEVEL 378 

Quantitative results – General 379 

Concerning the culture within the ward and organization, a significant improvement was 380 

measured only for the subcategory of healthcare professionals perceptions of 381 

management (p = 0.004). 382 

 383 

TABLE 6 NEAR HERE 384 

 385 
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Quantitative results – comparison between acute care specialty areas 386 

Due to convergence problems, it was not possible to include the specialty area as 387 

covariate in the analysis. 388 

Qualitative results 389 

Participants appreciated that their nurse manager was open to the training and made it 390 

mandatory for every team member.  391 

“The training was mandatory for our team. You could not escape it and actually I 392 

think that is very good.” (Interviewee  1 – ER, Physician) 393 

 394 

On organizational level participants indicated that hierarchy forms an important barrier to 395 

flexible leadership, speak-up and time-out.  396 

 397 

“You are in some kind of rank. And that is the largest stumbling block. Those 398 

people (physicians) are trained for it, but if you are 100% convinced of 399 

something, you should be able to open you mouth.” (Interviewee 4 – OB, Midwife) 400 

 401 

Additionally, lack of a safety culture hinders the application of CRM in practice.  402 

 403 

“For the smallest mistake you get slapped on the fingers and then stomped on 10 404 

more times. That is how it is. That is the problem here. They are trying to change, 405 

but that’s not easy.” (Interviewee 6 – ER, Physician) 406 

 407 

To overcome these obstacles, participants suggest a more thorough implementation of 408 

CRM, a larger framework, embedding it in existing technical trainings and structures, 409 

repeating the CRM training on a regular basis, broadening it to other wards, disciplines or 410 

the entire hospital and implementing debriefing after real life emergencies. 411 

 412 
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“I think it is situated within a larger problem. There should be a shift in mentality 413 

and everyone should have a simulation training once a year.” (Interviewee  - ER, 414 

Physician) 415 

 416 
 417 

  418 
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DISCUSSION 419 

This study shows that an interdisciplinary CRM training is an effective strategy to improve 420 

teamwork. This was confirmed with significant improvements and qualitative data on 421 

three of the four levels of Kirkpatrick. 422 

It is an unique study because of the generic character and ‘in situ’ format of the training, 423 

and the fact that it covers all four levels of Kirkpatrick. 424 

Generic character 425 

This study confirms the possibility of a generic training for acute specialty areas. Between 426 

the three specialty areas only limited differences were detected. Nevertheless, some 427 

nuances can be made. For instance on level 1 ER participants indicated a significantly 428 

lower scores for the theoretical part, the simulation-based part, the entire training 429 

program and their attitude towards the training. However, when comparing the pre- and 430 

posttest scores, ER also showed the largest changes in attitude. Therefore, it is possible 431 

that ER participants just had more room for positive changes.  432 

In situ training format 433 

The study is innovative as the CRM-training was provided in the team’s ward (in situ 434 

simulation) as recommended in the literature (Fransen et al., 2017; Siassakos, Crofts, 435 

Winter, Weiner, & Draycott, 2009; Siassakos et al., 2013). Therefore, participants were 436 

able to use familiar materials and actually imagine the situation (Crofts et al., 2008). In 437 

the obstetric units patient-actors played the role of the patient and her partner to make 438 

the situation more lifelike. After all, in obstetric emergencies the patient is conscience 439 

and her partner and/or family present. Therefore, good communication with the patient 440 

and her entourage is crucial (Siassakos et al., 2009). In ICU and ER low-fidelity 441 

mannequins were used as the patients in the scenarios were unconscious and patient-442 

actors were less desirable due to the limitations of treatment (resuscitation, …). 443 

However, several ER participants indicated in the interviews that the scenarios did not 444 

reflect a real life situation. For them the mannequin often proved to be a stumbling block. 445 
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Therefore, it might be rewarding to overcome the practical objections of transporting and 446 

installing high-fidelity mannequins on these wards. A mobile simulation lab with all 447 

material in flight cases could make this feasible. 448 

 449 

All four levels of Kirkpatrick 450 

A couple of studies have evaluated CRM-training on the higher levels of Kirkpatrick. 451 

However, most studies are limited to specific unit types and evaluation of participant’s 452 

reactions to the training (Level 1) and the learning effect (Level 2) (Haller et al., 2008; 453 

O'Dea, O'Connor, & Keogh, 2014). A meta-analysis of 20 CRM intervention studies 454 

showed positive reactions and the learning effect of participants (O'Dea et al., 2014). 455 

Exceptionally, Guise et al. (2008) evaluated the behavior of participants as well using 456 

observation. In line with our findings, they described positive results with teamwork 457 

scores increasing from 6.0 to 7.5 (p = 0.014) on the Clinical Teamwork Scale. 458 

However, the study at hand could only show a small change (perception of management) 459 

in patient safety culture as measured with the SAQ questionnaire. Several arguments can 460 

be made. First of all, the questionnaire was completed shortly after the training. It can be 461 

assumed that changing a safety culture requires some time, which makes it unlikely to 462 

measure changes one month after training. On the other hand, it avoided time related 463 

effects that could occur when the measurement is postponed (O'Dea et al., 2014). 464 

Therefore, literature indicates that it is desirable to evaluate on multiple occasions 465 

(Fransen et al., 2017). Due to time constraints this was not possible.  466 

Second, it could be questioned if the SAQ is the right questionnaire to evaluate level 4 of 467 

the CRM-training. After all, several variables of the questionnaire such as working 468 

conditions and job satisfaction were not included in the CRM-training. Therefore, it is very 469 

unlikely that the training would have influenced these variables. Several other studies 470 

also applied the SAQ for evaluating CRM training and found the same weak or absent 471 

effects (Haller et al., 2008). As such, it is important for future research to consider 472 



20 

 

parameters that align better with the content of CRM-training (O'Dea et al., 2014). 473 

Patient outcomes could be used. However, due to the heterogeneity of the patient 474 

populations in this study, it was not achievable. In addition, patient outcomes should be 475 

treated with caution as variables such as length of stay, are also too distant from the 476 

content of CRM-training and influenced by many other factors, making it impossible to 477 

measure an impact. Better outcome parameters would be the use of protocols or 478 

debriefings (O'Dea et al., 2014). 479 

A third possibility for the limited effect on level 4 and also a restriction of the study is 480 

that the intervention was limited to a single training of the entire unit. Participants 481 

indicated this clearly in the interviews and suggested a more thorough implementation of 482 

CRM, including repeating the training on a regular basis. A yearly training was suggested. 483 

Future research should determine the optimal frequency of the training to guarantee a 484 

lasting effect (Fransen et al., 2017). 485 

 486 

Limitations  487 

The study uses a mix of data collection techniques to evaluate each level of Kirkpatrick 488 

providing various insights. However, a sequential explanatory design would have 489 

provided more depth to the findings as the quantitative data could be explained by the 490 

qualitative ones.  491 

Furthermore, the study compares between three acute care specialty areas, yet it 492 

included only one ICU resulting in 20 trained ICU participants, 11 completed pre- and 493 

post-questionnaires and no interview participants. This was due to the complexity and 494 

work load of the study, resulting in less ICUs being prepared to participate. Despite the 495 

small sample size, similarities across all three acute care specialty areas could be found.  496 

 497 

  498 
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CONCLUSIONS 499 

 500 

A generic CRM-training, as delivered in the present study, does not only invoke a positive 501 

reaction and changes attitude, knowledge and non-technical skills, but also objectively 502 

changes behavior. A onetime CRM-training is insufficient to change safety culture. 503 

Additionally, the study confirms the possibility of a generic training for acute specialty 504 

areas. Between the three specialty areas (OB, ER, ICU) only limited differences were 505 

detected. 506 
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FIGURE LEGEND 614 

 615 

Figure 1: Score and perceived usefulness of the theoretical part, the simulation-based 616 

part and the entire training program (N=221) 617 

Figure 2: Overall score on Clinical Teamwork Scale one month before and one month 618 

after the intervention based on observations of unexpected simulations (N=12)   619 

 620 


