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ABSTRACT  

 

Introduction 

There is a growing awareness today that adverse events in the Intensive Care Unit (ICU) 

are more often caused by problems related to non-technical skills than by a lack of 

technical, or clinical, expertise. Team training, such as crew resource management (CRM), 

aims to improve these non-technical skills. The present study evaluated the effectiveness 

of CRM in the ICU. 

 

Methods 

Six ICUs participated in a paired controlled trial, with one pre-test- and two post-test 

measurements (after 3 and 12 months). Three ICUs received CRM training and were 

compared to a matched control unit. The 2-day classroom-based training was delivered to 

multidisciplinary groups (i.e. ICU physicians, nurses, managers). All levels of Kirkpatrick’s 

evaluation framework were assessed using a mixed method design, including 

questionnaires, observations, and routinely administered patient outcome data.  

 

Results 

Level I - Reaction: Participants were very positive directly after the training.  

Level II - Learning: Attitudes towards behaviour aimed at optimising situational awareness 

were relatively high at baseline and remained stable. 

Level III - Behaviour: Self-reported behaviour aimed at optimising situational awareness 

improved in the intervention group. No changes were found in observed explicit 

professional oral communication.  

Level IV - Organisation: Patient outcomes were unaffected. Error management culture and 

job satisfaction improved in the intervention group. Patient safety culture improved in 

both control and intervention units. 

 

Conclusions 

We can conclude that CRM, as delivered in the present study, does not change behaviour 

or patient outcomes by itself, yet changes how participants think about errors and risks. 

This indicates that CRM requires a combination with other initiatives in order to improve 

clinical outcomes. 
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INTRODUCTION 

 

Adverse events are a serious cause of harm and even deaths in the Intensive Care Unit 

(ICU)[1,2,3]. There is a growing awareness that these adverse events are more often 

caused by problems with non-technical skills than from a lack of technical expertise[4,5]. 

Non-technical skills are ‘the cognitive, social and personal resource skills that complement 

technical skills and contribute to safe and efficient task performance’[6]. Examples of non-

technical skills are task management, teamwork, situation awareness and leadership[4,7].  

Non-technical skills are of particular importance in the Intensive Care Unit, where 

complex care for vulnerable patients is provided by multiple professionals[8]. ICU teams 

have to respond 24/7 to acute situations in changing multidisciplinary compositions, under 

high levels of time pressure, and with high stake outcomes. Under these circumstances, 

the chances of errors occurring increase[9], a fact that is reflected in a high adverse event 

ratio in the ICU (9.4%) compared to the average hospital ratio (5.4%)[2].  

Team training, such as crew resource management (CRM), is a method being 

increasingly applied in health care in order to improve patient safety by applying non-

technical skills, leading to an optimal use of all resources in the team and their 

environment[10,11]. CRM aims to increase understanding of how certain threats and risks 

may lead to unsafe behaviour, as well as providing tools and training non-technical skills 

for responding to demanding and complex situations.  

A review of Rabol [12] shows that classroom-based CRM training consistently 

leads to positive first reactions and a change in attitude that favours CRM 

principles[13,14]. However, the results are less conclusive with regard to the question of 

whether CRM changes behaviour. For instance, McCulloch and colleagues [15] found an 

increase in the use of non-technical skills for nurses, but not for anaesthetists and 

surgeons. There are several reasons for these inconsistent findings. Most studies have a 

relatively short follow-up period, they lack a control group, and/or rely on self-reported 

outcomes only. Therefore, the precise effects of CRM are still unclear. 

Building on the shoulders of our predecessors, we conducted an evaluation in 

which we tried to overcome some of these shortcomings by including a control arm, 

independent measurement of behaviour and 12 months follow-up. We used the 

Kirkpatrick evaluation framework for training programmes to assess the effectiveness 

[16]. This framework distinguishes four levels of evaluation: 1) reaction; 2) learning; 3) 

behavioural change; 4) organisational impact. This framework allows for a systematic and 

multilevel evaluation, while at the same time organising it in a simple and understandable 

manner[17]. Consequently, our central research question was: What is the effectiveness 
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of a classroom-based CRM training in the ICU , in which all staff receives training, on all 

levels of Kirkpatrick’s framework compared to matched control ICUs without training? 

 

MATERIALS AND METHODS 

We developed a mixed method design aimed at assessing all levels of the Kirkpatrick 

framework, including questionnaires, direct observations, and analysis of routine 

administrative data (see Table 1). A mixed method design is recommended for capturing 

the effects of diffuse and complex innovations, such as CRM, as it triangulates the effect of 

an intervention and increases the valid interpretation of the results [18].  

The design of the present study was published in detail in advance [19]. A 

summary of relevant aspects of the design is given below.  

 

Design and setting 

The present study applied a multicentre controlled before and after design. By using a 

control arm and a pre- and post-measurement the possible effects of patient safety 

initiatives in the ICU instigated without CRM could be controlled for.  

Three pairs of comparable ICUs participated in the present study. For each pair, 

one ICU received the CRM training and one ICU acted as a control group. All ICUs were 

part of non-academic teaching hospitals (a total of 806 beds on average) in the 

Netherlands. All specialities were available in the hospitals except cardiac surgery and 

neurosurgery which was available in nearby hospitals. The ICUs were mixed medical 

surgical, intensivist led and contained 10 to 17 beds and 63 to 95 unique employees. This 

type of ICU is large enough to form an independent unit, yet small enough for the whole 

staff to be trained. Intervention ICUs needed to comply with formal criteria, like financial 

and organisational arrangements. Control units were matched to a specific intervention 

unit based on the number of beds and ICU physicians (FTEs), the perception of patient 

safety, frequency of event reporting, and an interview with the two of the authors. A 

detailed description of the matching procedure can be found in Kemper et al. [19].  

The workforce of the ICUs includes IC physicians, residents, nurses, student 

nurses, and managers, all of whom have been included in the current study. All ICU staff 

members (n=474) were invited to participate in the study, see Table 1 for the response 

rate.  

The present study comprised one pre-measurement and two follow-up 

measurements. The pre-test was conducted in a period of 7 to 9 weeks before the 

training. The first follow-up measurement was carried out three months after the training 

and the second measurement followed 10 months after the training. 
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The study was approved by the Ethical Committee of the VU University Medical Center 

and is in accordance with Dutch privacy regulations. The trial is registered in the Dutch 

Trial Registration record NTR1976. Participation was confidential and all data collected 

were stored entirely anonymously.  

 

Crew resource management training 

The CRM training was classroom-based and consisted of an education session of two 

consecutive days from 9 am to 5 pm in groups of 15 participants. A commercial vendor of 

CRM, QST Safe Skies, was contracted to deliver the training. This vendor has much 

experience with classroom-based CRM trainings in the aviation sector, as well as in health 

care. This particular vendor was chosen because of the focus on a bottom-up approach 

and the usage of the input of the participants in line with the adult learning principles [20]. 

Importantly, this vendor allowed an independent study alongside the training and the 

required time and costs were feasible for the participating ICUs.  

 

Box 1. A specification of the main content of the CRM training 

The main objectives of the training sessions were to create awareness regarding the threats of suboptimal 

performance and ways to recognize these threats and prevent their negative consequences by optimal use of 

team resources. To establish this goal, the participants were educated about CRM concepts and principles, 

discussed their own experiences with each other, and developed ready to use ideas, all in a setting of trust and 

openness. All topics were first introduced, then discussed, and finally solutions to overcome the mentioned 

risks were formulated. 

With situational awareness[22] as a starting point to identify pitfalls and opportunities for 

enhancement of patient safety, several topics were discussed on an organizational, team, and individual level:  

Organisation 

- Human factors and CRM 

- Threats and Errors 

Team 

- Situational leadership 

- Communication and 

cooperation 

- Groupthink 

Individual 

- Stress management 

- Personality 

- Feedback and self-

reflection 

Various theories and models were discussed during the training, such as the Swiss Cheese Model [23], the 

Sender-Receiver model[24],  and Grouptink[25]. To translate CRM concepts into ready to use ideas team roles 

were interactively defined throughout the session and plans of action were formulated by the participants. 

Note. The content of the training is described in more detail elsewhere [19] 

 

All members of the IC staff (n=193) were trained during office hours in multidisciplinary 

groups. During the training course, new ideas for safety initiatives were continuously 

gathered and registered in the form of concrete plans of action. An example of an action 

on the team level is to explicitly appoint a coordinator of the day in order to improve and 

clarify leadership, teamwork and communication. The plans of action differed each 

training and for each ICU. After the training, all ICUs started implementing these newly 
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developed initiatives. This implementation process is described elsewhere [21]. Part of the 

training was that the CRM instructors offered their help as consultant for one day after 

the ICU was trained. It was up to the change team how to utilize this help. An extensive 

description of the CRM training as applied in the present study was published in 

advance[19]. 

 

Measurements  

The measurements were split up according to the four levels of the Kirkpatrick evaluation 

framework [16]. Table 1 shows an overview of the various instruments that each level 

comprises and when the measurement was conducted. All applied instruments were 

previously validated. All measurements were administered simultaneously in each pair of 

the intervention and control unit. The questionnaires regarding reaction to and evaluation 

of the training were administered directly and three months after the training 

respectively. When applicable, the Cronbach’s alpha of the dimensions of the 

questionnaires is included in the overview of the results within the paper or in the 

Appendix, as an indicator of the reliability of the scale. 

 

Level I: Reaction  

In line with the work of Alliger[17], we divided the level of reaction into an affective 

reaction (End-of-Course Critique) and the perception of the utility of the training 

programme (evaluation questionnaire). 

 

End-of-Course Critique 

 The End-of-Course Critique (ECC) of Grogan and colleagues[14] was used for the present 

study to assess the affective reaction immediately after the training. Grogan’s ECC was 

adapted to fit the present study, for instance by asking about the topics that were 

discussed in the current CRM training. 

 

Evaluation questionnaire 

 This questionnaire was newly developed and used to assess the extent to which the 

training altered the participant’s awareness regarding CRM topics in their daily work. The 

questions were straightforward formulated covering most topics that were discussed 

during the training, for instance “I’m more aware than before of personal factors 

influencing my performance”. 
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Table 1. Overview of the measurements for each level of the Kirkpatrick framework with 

regard to their measurement properties, when they were collected and what the 

response was during that data collection period.  

 Measurement 

properties Data collection period and response 

Measurements per Level of Kirkpatrick 

# 

Dimen-

sions 

# 

Items 

(k) Scale Base-line 

After the 

training 

1st 

Follow-

Up 

2nd 

Follow-

up 

I Reaction to the training programme        

 - End-of-Course Critique questionnaire* n/a 14 5-Likert  100%   

 - Evaluation questionnaire* n/a 13 5-Likert   75%  

II Learning from the training programme        

 - Situational awareness attitudes 

(SafeTeamA questionnaire)  

1 11 5-Likert 87%   72% 

III Behavioural change as a result of the 

training 

       

 - Enacted Situational Awareness tactics 

(SafeTeamB questionnaire) 

2 12 5-Likert 87%   72% 

 - EPOC: Observation of explicit 

professional oral communication 

 

6 30 Count 489 

obser-

vations 

  596 

obser-

vations 

IV The impact of the training on the 

organisation 

        

 - Routine (patient) administration data 

 

n/a n/a n/a One year before CRM: 4085 patients 

One year after: 3942 patients 

 - Patient safety culture (COMPaZ) 11 40 5-Likert 76%   72% 

 - Error culture (Error culture 

questionnaire) 

11 47 5-Likert 87%   73% 

 - Job satisfaction and affective 

commitment to the ICU 

7 18 5-Likert 87%   72% 

* These measurements were collected in the intervention groups only 

n/a = not applicable  

 

Level II: Learning from the training programme  

As a measure of learning, we studied whether the participants changed the way they 

thought about relevant aspects regarding the CRM training. In other words, whether their 

attitude was changed. We focused on situational awareness (SA), as this can be seen as 

the central element of CRM.  
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SafeTeamA questionnaire: Situational awareness attitudes 

This questionnaire, developed and validated alongside the present study[26], was used to 

assess the attitude towards behaviour that optimises SA. Endsley[22] defines SA as: “The 

perception of elements in the environment (...), the comprehension of their meaning, and 

the projection of their status in the near future.” SA is expected to optimise through 

applying specific tactics that stem from non-technical skills, such as speaking up and the 

sharing of information. The SafeTeamA questionnaire assesses to what extent a 

participant perceives these tactics to be important. This is measured with one scale 

comprising 11 items.  

 

Level III: Behavioural change 

Behavioural change reflects the level of transfer of what is learned during the training 

course and applying this to the work setting. We assessed the extent of this transfer by 

asking the participants about their behaviour and through observing them. 

 

SafeTeamB questionnaire: Enacted situational awareness tactics 

SafeTeamB follows the same rationale as the SafeTeamA questionnaire[26], but measures 

the self-reported appliance of the tactics that optimises situational awareness, rather than 

attitudes. Furthermore, it comprises two scales, one measuring individual behaviour (7 

items) and one measuring team behaviour (5 items).  

 

EPOC: Observation of non-technical skills 

Direct observations were used to determine the use of non-technical skills by the IC staff, 

using the EPOC observation tool (EPOC)[27]. Observations were carried out with consent 

of the observed person. The EPOC assesses the amount of explicit professional oral 

communication during an observation of 30 minutes by a trained observer, during daily 

practice, taking several control variables into account (e.g., workload). The EPOC has been 

successfully applied in another study[28].  

The EPOC does not require clinical knowledge of the observer. For each 

measurement period, a group of four observers conducted the observations. Observers 

were students that received a 2-day training course, in which they learned the definitions 

of the verbal behaviours, practised with the observation tool and were familiarized with 

common observation biases, such as the Halo effect. Unfortunately, it was not possible to 

recruit the same observers during both measurements. There was a good inter-observer 

reliability as the ICC was mostly >.60[27].  More information about the EPOC, its validity 

and reliability, and the training is described by Kemper et al.[27]. 
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Level IV: Organisation 

The level of organisation, or ‘results’, concerns the impact of the training programme on 

the organisation. Outcomes on this level can be very diverse and may take time before 

changes become noticeable[29]. We studied the patient outcomes, parts of the 

organisational culture, and job satisfaction on this level. 

 

Patient outcomes  

Length of stay, readmissions within 24 hours, and ICU mortality were used as indicators of 

the quality of care, using current registration standards from the Dutch National Intensive 

Care Evaluation (NICE) study[30]. The APACHE IV[31] score was calculated in the present 

study to adjust for differences in the patient mix. In addition to the APACHE IV, other 

confounders were taken into consideration as well, notably: gender; use of mechanical 

ventilation with admission; use of mechanical ventilation within the first 24 hours of 

admission; whether the admission was scheduled or not. 

 

Patient safety culture 

The COMPaZ questionnaire[32] was used to measure the patient safety culture in the ICU. 

The COMPaZ is the translated and validated Dutch version of the Hospital Survey on 

Patient Safety Culture[33] and successfully applied in various studies[34,35].  

Error culture 

The Error Culture Questionnaire (ECQ), developed and validated by Van Dyck[36,37] was 

used to assess shared attitudes towards, and common responses to, errors at the unit 

level. The ECQ has been successfully used in previous research [37,38]. 

 

Job satisfaction and affective commitment 

Job satisfaction was measured using three of six scales of the Dutch translation[39] of the 

job satisfaction dimension of the Occupational Stress Inventory[40], i.e., satisfaction with 

(1) the job, (2) the organisational design and structure, and (3) the organisational 

processes. One additional item was added concerning how satisfied the participants were 

with their job. 

Affective commitment was assessed using the Dutch translation[41] of the 

affective subscale of the three-component conceptualization of organisational 

commitment[42].  

 

Data analysis 

The level of reaction was analysed only descriptively, as no comparison could be made 

with either a control group or a pre-measurement. All other outcomes were analysed 
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using different analyses for the observations, the patient outcomes, and the 

questionnaires, as described below. However, all analyses had in common that the main 

outcome was the interaction component, indicating whether the difference between the 

pre- and post-measurement of the intervention group was significantly deviant from the 

difference observed in the control group. 

 

Observations 

 Since participants were observed multiple times, a linear mixed model was used to adjust 

for possible clustering of data within a participant. The crude model comprised a 

measurement variable, an experimental group component, and the interaction 

component between these two variables. The crude model was tested for possible 

influence of several confounders, such as the occupation of the observed person. These 

variables were included when they significantly improved the model, expressed as a 

significant decrease in the LogLikelihood-ratio.  

 

Patient outcomes.  

Linear and logistic regression analyses were used to determine whether differences 

between the intervention and control group as a result of the CRM training were 

statistically significant. The crude model consisted of the measurement variable, the 

experimental group variable, and the interaction component between these two 

variables. The analyses of the patient outcomes comprised two steps. First, we analysed to 

what extent confounders influenced the outcome variable (the interaction component). If 

the regression coefficient of the interaction component of the crude model was altered by 

more than 10% after including the supposed confounder in the model, then this 

confounder was included in the final model of step 2. The second step consisted of a 

multivariate analysis with the crude model and the influential confounders of the first 

step. 

 

Questionnaires.  

Differences between experimental groups and measurements were analysed with an 

ANOVA for repeated measures. This method has the advantage of testing the within-

participant difference, thereby partitioning out variability due to individual differences.  
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RESULTS 

 

Level I: Reaction to the training programme 

End-of-course questionnaire  

Overall the respondents were very positive about the training. The themes were rated as 

highly relevant and useful (M=4.47; SD=.45). Participants indicated that the topics were 

new and informative (M=3.81; SD=.68) and that due to the training they had developed 

new ideas and topics that they could directly apply to their work (M=4.31; SD=.61). 

Participants would definitely recommend the training to colleagues (M=4.50; SD=.62). An 

overview of the results for each item is shown in the Appendix. 

 

Evaluation questionnaire 

This questionnaire demonstrates that participants perceived themselves as having 

changed ‘slightly’ to ‘reasonably’ three months after the training with regard to the 

assessed aspects of the training. The overall mean of all 13 items is 2.71 (SD= .69) on a 5-

point scale. An overview of the results for each item is shown in the Appendix.      

 

Level II: Learning from the training programme  

SafeTeamA questionnaire 

The results showed that participants perceive that it is important to have an optimal 

situational awareness even before CRM training. This is reflected in a high mean score on 

the SafeTeamA questionnaire in both the intervention (M=4.19; SD=.37) and control 

(M=4.16; SD=.39) group during the baseline measurement. The intervention group 

demonstrated a small increase after the training (M=4.21; SD=.40), whereas this 

decreased in the control group (M=4.12; SD=.41). However, this change was not 

significantly different (F=1.68; p=.20).   

 

Level III: Behavioural change as a result of the training 

SafeTeamB questionnaire 

The results of the SafeTeamB questionnaire showed that participants that had followed 

the training perceived more enacted situational awareness tactics in their individual 

behaviour, as well as in their team behaviour. The increase of individual self-reported 

behaviour in the intervention group (pre: M=2.92; SD=.55; post: M=3.21; SD=.56) was 

significantly different (F=8.02; p<.01) from the change in the control group (pre: M=3.08; 

SD=.50; post: M=3.19; SD=.50). Likewise, the increase of team self-reported behaviour in 

the intervention group (pre: M=3.46; SD=.50; post: M=3.70; SD=.45) was significantly 
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different (F=16.61; p<.01) from the change in the control group (pre: M=3.69; SD=.47; 

post: M=3.70; SD=.51).  

 

Table 2. Explicit professional oral communication: The descriptive results (median, 25
th

 

and 75
th

 percentiles) and regression coefficient of the interaction component between 

experimental group and measurement. 

Categories and 

dimensions 

Intervention  Control Interaction 

Pre Post Pre Post Component 

(n=252) (n=249) (n=237) (n=268) ß (C.I. 95%) 

EPOC total score1 41  

(28-55) 

35  

(24-49) 

35  

(23-50.50) 

30  

(21-41.75) 
1.67 (-2.30 – 5.64) 

 Self2 
.00  

(.00 - .00) 

.00  

(.00 - .00) 

.00  

(.00 - .00) 

.00  

(.00 - .00) 
-.09 (-25 - .07) 

 Human Interaction3 
38  

(26-57.75) 

31  

(22-45) 

34  

(22-48) 

27  

(19-37) 
1.61 (-2.13 – 5.34) 

 Environment4 
1  

(0-3) 

3  

(1-5) 

1  

(0-3) 

2  

(1-4) 
.18 (-.39 - .75) 

1 The crude model was adjusted for: Random intercept; ICU; Number of people the observed person spoke to 

during the observation; observer; Work pressure with random slope; occupation; whether or not the 

observed person was accompanied by a student nurse or resident; whether administration was part of the 

observation. 
2 The crude model was adjusted for: Random intercept; Random slope interaction component; observer 

3 The crude model was adjusted for: Random intercept; Random slope interaction component; ICU; Number 

of people the observed person spoke to during the observation; observer; Work pressure with random slope; 

occupation; whether or not the observed person was accompanied by a student nurse or resident; whether 

administration was part of the observation.  
4 The crude model was adjusted for: Random intercept; ICU; Number of people the observed person spoke to 

during the observation with a random slope; observer; Work pressure with random slope; occupation; 

whether or not the observed person was accompanied by a student nurse or resident; whether 

administration was part of the observation.  

Note. More information about the categories, dimensions and underlying items are described in Kemper et 

al.[22] 

 

EPOC: Observation of non-technical skills  

We conducted 1006 observations in total. In the pre-measurement we observed 82% of 

the staff at least once and in the post-measurement this percentage was 90%. The 

descriptive results (median and 25
th

 and 75
th

 percentiles) as well as the regression 

coefficient of the interaction component are shown in Table 2. The amount of explicit 

professional oral communication decreased after the training in both the intervention 

group and the control group. No statistically significant differences in the change of 

explicit communication were found between the intervention group and control group. 
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Level IV: Organisational impact of the training 

Patient outcomes 

During the pre- and post-measurement, 8027 patients were admitted to the participating 

ICUs. The results presented in Table 3 show no statistically significant deviations between 

the intervention group and the control group, when comparing the difference between 

the pre- and post-measurement (i.e., the interaction effect). In other words, there are no 

changes in outcomes that can be attributed to the CRM training. 

 

Table 3. Patient outcomes: Overview of the descriptive results during the pre- and post-

measurement period for the intervention and control groups, along with the results of 

the regression analysis of the outcome variables with regard to the effect of the CRM 

training. 

 Intervention Control  

 

 

Pre 

(n=2549) 

Post 

(n=2370) 

Pre 

(n=1536) 

Post 

(n=1572) 

Interaction 

Component 

Female (%) 44 44 44 44  

Male (%)  56 56 56 56  

Age (M, SD) 65 (17) 65 (16) 64 (17) 65 (16)  

APACHE IV score (M,SD) 62 (32) 65 (31) 62 (33) 63 (32)  

Mechanical ventilation with 

admission*   

32.5% 34.3% 32.5% 32.8% 
 

Mechanical ventilation 

within the first 24 hours 

after admission*  

38.4%  40.6% 38.4% 38.9% 

 

Unplanned admissions*  22.1% 21.0% 22.1% 21.9%  

      

Outcome variables     ß (95% C.I.) 

Length of stay in hours* 

(M, SD)  
103 (215) 109 (203) 94 (216) 97 (210) -5.02 (-25.47-15.42)1 

     OR (95% C.I.) 

 Readmissions within 24 

hours in this period (%)*  1.4% 1.1% 1.6% 1.6% .92 (.43-1.96)2 

ICU deaths in this period (%)*  10.9% 10% 12% 10.1% .99 (.70-1.04)3 

* The descriptive results of the outcome variables have been adjusted for the crude model and APACHE IV 

severity score. 
1 The linear regression analysis was adjusted for: APACHE IV severity score; use of mechanical ventilation  

   with admission; use of mechanical ventilation within the first 24 hours after admission; whether the  

   admission was scheduled or not. 
2 The logistic regression analysis was adjusted for: use of mechanical ventilation within the first 24 hours after  

   admission; whether the admission was scheduled or not. 
3 The logistic regression analysis was adjusted for: APACHE IV severity score; use of mechanical ventilation   

   with admission; use of mechanical ventilation within the first 24 hours after admission; whether the  

   admission was scheduled or not. 
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Patient safety culture  

The results regarding the patient safety culture in the ICU generally showed a positive 

trend. Both intervention group (before: M=3.44, SD=.29; after: M=3.61, SD=.32) and 

control group (before: M=3.55, SD=.27; after: M=3.67, SD=.33) showed an increase in the 

sum score of all dimensions. However, regression analysis did not show a statistically 

significant overall effect of CRM on culture. In the intervention group, two dimensions 

changed significantly. ‘Supervisor/manager expectations and actions promoting patient 

safety’ was significantly influenced by CRM training (F=7.45, p<.05). The intervention 

group rated this dimension more positively (before: M=3.38, SD=.58; after: M=3.66, 

SD=.47) after the training, than did the control group (before: M=3.46, SD=.56; after: 

M=3.50, SD=.58). Furthermore, ‘Adequate staffing’ was rated significantly higher (F=9.69; 

p<.01) , as the intervention group showed an increase (before: M=3.45, SD=.79; after: 

M=3.85, SD=.54) while the control group did not change (before: M=3.86, SD=.42; after: 

M=3.98, SD=.46). The other dimensions did not show changes as a result of the training. 

An overview of the results for each dimension is shown in the Appendix.      

 

Error culture 

The results, depicted in Table 4 , showed that the four dimensions of the ECQ seem to 

have changed as a result of the CRM training. Participants indicated that they were 

reacting more socially by helping each other and communicating about errors. 

Additionally, participants showed more error awareness, an effect that can be 

predominantly attributed to more anticipation of errors. The Mastery dimension showed a 

significant change in the intervention group as well, indicating that participants try to 

overcome errors. The underlying concepts of Mastery are learning, correcting, and 

analysing errors, with analysing showing the most change. The changes in the Aversion 

dimension did not reach a level of significance, although a trend can be distinguished as 

the p-value is just above .05 (p= .06). An overview of the results for each scale underlying 

the presented dimension is displayed in the Appendix.      

 

Job satisfaction and affective commitment to the ICU  

Table 5 shows that all dimensions had a significant interaction component, except for the 

job satisfaction in general. This means that the changes of the intervention group between 

the pre- and post-measurements are significantly different from those of the control 

group. In other words, the positive changes in job satisfaction and affective commitment 

only occur in the intervention group and not in the control group. 
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Table 4. Error Culture Questionnaire: Overview of the descriptive (M, SD) results, along 

with the outcome of the interaction component in the repeated measures ANOVA 

  

Intervention M (SD) 

 

Control M (SD) 

Interaction 

component 

Dimension Pre Post Pre Post F 

Social orientation 3.35 (.57) 3.62 (.57) 3.75 (.53) 3.77 (.59) 13.20* 

Awareness 2.49 (.46) 2.60 (.55) 2.59(.46) 2.48(.54) 11.11* 

Aversion 2.52(.37) 2.48(.46) 2.39(.41) 2.44(.40) 3.53 

Mastery 3.56(.47) 3.71(.44) 3.74(.39) 3.74(.44) 6.29** 

* p < .01; ** p < .05;      

 

Table 5. Job satisfaction and affective commitment: Overview of the descriptive (M, SD, 

a) results for job satisfaction and affective commitment, along with the outcome of the 

interaction component in the repeated measures ANOVA 

  Cronbach’s 

Alpha (a) 

 

Intervention M (SD) 

 

Control M (SD) 

Interaction 

component 

Dimension k Pre Post Pre Post Pre Post F-value 

Job satisfaction         

 job itself 4 .72 .83 3.55 (.52) 3.72 (.58) 3.73 (.46) 3.72 (.49) 4.72** 

 the ICU (design and 

structure)  

4 .81 .75 3.10 (.62) 3.42 (.53) 3.34 (.54) 3.31 (.45) 20.17**   

 organisational 

processes 

4 .76 .75 3.53 (.56) 3.69 (.52) 3.56 (.48) 3.49 (.50) 9.76** 

 in general 1 n/a n/a 3.82 (.60) 3.98 (.64) 4.00 (.62) 4.03 (.53) 1.48** 

         

Affective commitment to 

the ICU 
6 .83 .81 3.10 (.76) 3.34 (.68) 3.33 (.56) 3.40 (.59) 5.23** 

k: Number of items within the dimension; F-value: The F-value of the interaction between measurement (pre 

vs. post) and experimental group (intervention vs. control).   

* p < .01; ** p < .05  

 

DISCUSSION 

The present study aimed at providing a multi-layered evaluation to determine the 

effectiveness of classroom-based CRM training on all levels of the Kirkpatrick evaluation 

framework. The first reaction to the training was positive, with self-reported enacted 

situation awareness tactics, error culture and job satisfaction improving significantly in the 

ICUs that received CRM training, whereas the ICUs that did not receive CRM training 

showed no changes. There was no change in explicit professional communication, neither 

did patient outcomes improve. This is an indication that improvements at the sharp end 

require a further implementation of CRM initiatives that go beyond the two days of 
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training and a year-long course of activities of the CRM change teams after the training. 

The results are summarised in figure 1. 

The framework of Kirkpatrick was used to assess four different levels of effect of 

CRM. Measurements at the first level show that participants were very positive directly 

after the training. This is in line with previous research[14,43]. However, three months 

after CRM, participants attributed only a moderate change in their behaviour as a result of 

CRM. This could be a signal that participants find it difficult to translate CRM to their daily 

work. Anchoring CRM in the organisation or continuous training could help overcome this.   

Attitudes towards tactics to optimise situational awareness, measured at the 

second level of the Kirkpatrick framework, were stable, despite a small and not significant 

increase in the intervention group. A possible explanation for this result is that the 

attitudes were reasonably high at baseline, in both the intervention group and control 

group, making it difficult to achieve an even higher attitude.  

Self-reported behaviour regarding tactics to optimise situational awareness did 

improve as a result of CRM training. This indicates that CRM empowers participants to 

behave in a way that corresponds with their high appreciation expressed in the attitude 

assessment, whereas members of the control units share the high appreciation but do not 

act on it. Other research also shows that a change in attitude is not a prerequisite for 

behavioural change. McCulloch et al. [15] also found that personnel in the operating 

 

 

Figure 1. Overview of the results on the four levels of the Kirkpatrick evaluation 

framework 
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theatre performing a laparoscopic cholecystectomy showed an increased use of non-

technical skills, while the attitude towards teamwork climate remained the same.  

At the third level of the Kirkpatrick framework, we expected the amount of 

explicit professional oral communication to increase as a result of CRM training, assuming 

that the amount of professional communication was limited in advance. Research in the 

Emergency Department (ED) confirmed this hypothesis, as the amount of explicit 

communication increased after the ED staff received the training. This effect was, 

however, not found in the present study. This might be attributed to the fact that the 

amount of professional communication is almost five times higher in the ICU compared to 

the ED[27]. In departments such as the ICU, with continuous teamwork for each patient, 

the amount of professional communication is relatively high. Improving focused 

communication and standardizing processes, may reduce, rather than increase, the total 

amount of professional communication[44,45]. 

The fourth and last level of the Kirkpatrick framework comprised multiple 

measurements. Patient outcomes such as length of stay were not affected by the CRM 

training. Although multiple initiatives were developed within all ICUs, the implementation 

approach and focus of the initiatives differed per ICU[21]. Without a shared focus 

between the ICUs on one initiative with a subsequent outcome, we can in retrospect 

argue that a change in one of the applied outcomes cannot be expected. It can be argued 

that the combined effect of multiple CRM improvement projects (i.e., the development of 

a checklist for high-risk situations) could eventually improve patient outcomes, though this 

would require further implementation. Studies with a single focus within the team training 

across sites on briefings and debriefings have shown promising results such as decreasing 

delay in surgery[46] and even reducing mortality[47]. Not finding an effect on patient 

outcomes is however not uncommon when evaluating a CRM training[12]. This brings 

Weaver and Rosen to conclude their examination of reviews on the effectiveness of 

medical team trainings that in general team trainings are associated with improvements in 

patient safety outcomes, rather than being the causal precursor[48]. This indicates that 

there are more factors to be considered that might influence the effectiveness of a team 

training. 

Scores on the dimensions of the patient safety culture show an upward trend in 

both the intervention and control departments, with the exception of ‘expectations and 

actions of leaders and supervisor regarding the promotion of patient safety’ and 

‘adequate staffing’. The changes in these two organisationally rooted dimensions can be 

attributed to the CRM training. A possible explanation for this result could merely be the 

fact that CRM was organised. Organising such a training is a clear signal that patient safety 

is important. 
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The way people respond to errors – the error culture – changed in the ICUs that received 

CRM training. In this group, respondents perceived themselves and their colleagues as 

being more aware regarding errors and being more socially oriented on the occasions they 

occur. Furthermore, after the training, participants responded that they thought it was 

important to overcome errors in the future and, to a lesser extent, be less error-aversive. 

These changes reflect the core principle of CRM of recognising and preventing errors, and 

mitigating the consequences when errors do occur 

Job satisfaction and affective commitment increased in the intervention group. 

There are several possible explanations for these results. Participants get to know their 

colleagues better while spending two days with them outside the clinical context. This 

alone could be beneficial for job satisfaction. Additionally, during the training all roles of 

the various disciplines were discussed. This stimulated mutual understanding of the role of 

other team members, which in turn could have increased mutual understanding and 

reduced possible reciprocal annoyance.  

 

Limitations 

A limitation of the present study is that we were unable to assess errors, incidences, or 

adverse events as a measure of patient outcomes. The current registration of 

complications that is supported by NICE was still in its infancy, and therefore did not 

provide useful and reliable data. It was, however, possible to determine reliable quality 

indicators such as length of stay, death on the ICU, and readmissions within 24 hours. We 

expect these indicators to behave in the same way the complications would have, if 

measured reliably. Based on this line of reasoning it is not likely that we would have found 

a reduction in incidences or adverse events as a result of the training within this time 

frame. 

In order to broadly assess effectiveness, the present study used a mixed method 

approach and closely monitored the participating ICUs. This enabled us to draw 

conclusions from multiple instruments and perspectives and to seek corroboration in 

these conclusions. This process is called triangulation and is the major benefit of a mixed 

method[18]. The downside of this approach is that it is time-consuming, thereby limiting 

the number of ICUs that could be included, especially because the current study is bound 

to a maximum duration of three years as a prerequisite of the governmental fund that 

made this study possible. This limit on the number of participating ICUs is unfavourable in 

terms of  the statistical power of the study. The benefit, however, was that there were 

enough ICUs willing to participate in the present study as a control unit, which enabled a 

thorough selection process to take place so that the best match for the intervention units 

could be made. 
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Finally, it can be argued that the present study faced a reporting bias, in the sense that 

participants who receive CRM training learn the ‘right’, or most social acceptable, 

answers. We expect that this bias was not present in the present study, as the 

measurement that is most likely to suffer this kind of bias, the attitude questionnaire, did 

not show any differences that could be attributed to the training. Additionally, self-

reported questionnaires suffer the bias of limited self knowledge of the respondent[49]. 

 

Conclusions 

Based on the results, we can conclude that the two-day classroom-based CRM training, as 

delivered in the present study, does not change behaviour or patient outcomes by itself, 

yet changes how participants think about errors and risks. It is plausible that when CRM is 

combined with other initiatives and is prolonged over a period of time it may have an 

effect on behaviour and patient outcomes. Participants perceive that errors can be more 

openly discussed and try to anticipate possible risks. It can be argued that these changes 

make the staff more receptive for patient safety and quality improvement initiatives, and 

that CRM can even be utilized to develop such interventions. Therefore we recommend 

repeating CRM and embedding it in the organisation for the purpose of further exploiting 

the impetus mechanism, for instance as part of continuous medical education, and 

incorporating it in a more focussed, multifaceted implementation strategy in order to 

produce changes on a behavioural and organisational level.  
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APPENDIX 

Table A1. End-of-Course Critique: Participant reaction regarding the CRM training 

(n=193*) 

 Disagree --- agree 

 1 2 3 4 5 

01  The presentations were relevant and useful - - 8 71 114 

02  The topics were new to me 5 25 82 61 18 

03  The topics were informative - 1 11 109 70 

04  The discussion about organisational factors was relevant and useful - - 10 113 69 

05  The discussion about human factors was relevant and useful - 1 4 93 94 

06  The discussion about situational awareness was relevant and useful - - 4 52 136 

07  The discussion about communication and teamwork was relevant and 

useful 
- - 9 83 100 

08  The discussion about groupthink was relevant and useful - 1 8 61 123 

09  The discussion about leadership was relevant and useful - 2 9 82 99 

10 The discussion about stress management was relevant and useful - 1 18 84 90 

11  The discussion about human limitations was relevant and useful - 1 10 94 86 

12  The discussion about feedback and assertiveness was relevant and useful 
- - 15 90 87 

13  You have thought of a couple of ideas and topics that you will use 

tomorrow  
- - 15 102 75 

14 Would you recommend this training to colleagues? - - 13 68 112 

Note. The following items comprise the presented means and standard deviations in the paper: 

- Relevant and useful: 1,4,5,6,7,8,9,10,11,12, 

- New and informative: 2,3 

- Directly apply to their work: 13 

- Recommend to colleagues: 14  

*The sum of the reported response might be less than 193 due to missing data. 
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Table A2. Evaluation questionnaire: Participant reaction regarding the CRM training 

(n=153) 

 Not at all --- 

 Completely applicable 

Question: Due to the training … 1 2 3 4 5 

01 … I’m more aware than before of the threats of personal factors on my 

performance 
18 47 49 35 4 

02 … I’m more aware than before that dangerous attitudes of my colleagues could 

be a threat to patient safety 
14 39 59 35 6 

03 …  I’m more aware than before of the impact of my surroundings on my 

performance 
16 46 57 32 2 

04 … I take into account the possibility that technical resources (such as 

computers) could be faulty or provide the wrong information 
35 59 43 14 2 

05 … I’m more aware than before that situations might occur that jeopardise 

patient safety  
8 33 52 52 8 

06 … I’m more aware that colleagues could perform less well than expected (for 

instance due to fatigue)  
10 42 69 29 2 

07 … I’m more confident than before of recognising situations that threaten 

patient safety 
14 38 58 38 5 

08 … I think that I make the right decisions more often than before 27 66 50 10 - 

09 … I feel that I can overcome problems regarding patient safety more quickly 

than before 
16 50 63 20 4 

10 … I have actively carried out the plans of action that were developed during the 

training 
8 48 67 26 4 

11 … I’m more able than before of speaking up to others when their behaviour 

jeopardises patient safety 
18 49 55 28 3 

12 … there is more Situational Awareness in the department 7 41 54 43 7 

13 … patient safety has been improved 21 55 66 8 2 

 

Table A3. SafeTeam A & B questionnaires: Overview of the descriptive (M, SD, a) results 

for scales of the SafeTeam A (Situational awareness attitude) and B (Enacted situational 

awareness tactics) questionnaires, along with the outcome of the interaction component 

in the repeated measures ANOVA 

  
Cronbach’s 

Alpha (a) 

 

Intervention M (SD) 

 

Control M (SD) 

Interaction 

component 

Dimension k Pre Post Pre Post Pre Post F-value 

SafeTeam A 11 .82 .84 4.19 (.37) 4.21 (.40) 4.16 (.39) 4.12 (.41) 1.68 

SafeTeam B         

- Individual 7 .80 .83 2.92 (.55) 3.21 (.56) 3.08 (.50) 3.19 (.50) 8.02* 

- Team 5 .73 .74 3.46 (.50) 3.70(.45) 3.69 (.47) 3.70 (.51) 16.61* 

* p < .01; ** p < .05 
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Table A4. Patient safety culture: Overview of the descriptive (M, SD, a) results for the 

dimensions of the COMPaZ questionnaire, along with the outcome of the interaction 

component in the repeated measures ANOVA 

  
Cronbach’s 

Alpha (a) 

 

Intervention M (SD) 

 

Control M (SD) 

Interaction 

component 

Dimension k Pre Post Pre Post Pre Post F-value 

Teamwork across hospital units 5 .76 .78 2.81 (.54) 2.89 (.55) 2.91 (.54) 3.00 (.55) .04 

Teamwork within hospital units 4 .68 .69 3.89 (.49) 4.02 (.41) 3.92 (.41) 4.04 (.39) .04 

Adequate shift changes 2 .66 .72 3.51 (.67) 3.50 (.69) 3.57 (.66) 3.56 (.70) .00 

Frequency of event reporting 3 .63 .70 3.14 (.63) 3.28 (.61) 3.31 (.61) 3.44 (71) .00 

Non-punitive response to error 3 .64 .70 3.68 (.61) 3.86 (.63) 3.80 (.50) 3.98 (.57) .01 

Communication openness 3 .56 .66 3.82 (.49) 3.82 (.57) 3.78 (.49) 3.80 (.52) .09 

Feedback about and learning 

from error 
6 .71 .63 3.50 (.51) 3.70 (.46) 3.70 (.46) 3.84 (.45) .50 

Supervisor/ manager 

expectations/ actions 
4 .69 .64 3.38 (.58) 3.66 (.47) 3.46 (.56) 3.50 (.58) 7.45** 

Hospital management support 

for patient safety 
3 .67 .56 3.20 (.57) 3.42 (.62) 3.24 (.61) 3.49 (.62) .11 

Adequate staffing 3 .58 .71 3.45 (.79) 3.85 (.54) 3.86 (.42) 3.98 (.46) 9.69* 

Overall perceptions of safety 4 .54 .69 3.48 (.52) 3.69 (.48) 3.48 (.52) 3.75 (.46) .03 

* p < .01; ** p < .05 

 

Table A5. Error culture Questionnaire: Overview of the descriptive (M, SD, a) results, 

along with the outcome of the interaction component in the repeated measures ANOVA 

  Cronbach’s 

Alpha (a) 

 

Intervention M (SD) 

 

Control M (SD) 

Interaction 

component 

Dimension k Pre Post Pre Post Pre Post F 

Social orientation         

 Help 4 .78 .80 3.55 (.62) 3.74 (.60) 3.83 (.55) 3.74 (.60) 6.64**         

 Communication 5 .83 .83 3.15 (.64) 3.50 (.66) 3.68(.60) 3.73 (.66) 12.18*  * 

Awareness         

 Anticipation 4 .61 .62 2.95 (.54) 3.26 (.63) 3.15 (.61) 3.02 (.67) 33.83*  * 

 Taking risks 4 .68 .74 1.95 (.58) 1.90 (.68) 1.91 (.59) 1.83 (.60) .17  ** 

 Acceptance 4 .48 .63 2.61 (.62) 2.62 (.74) 2.70 (.61) 2.58 (.73) 2.27  ** 

Aversion         

 Strain of error 5 .63 .61 2.57 (.51) 2.48 (.60) 2.43 (.53) 2.39 (.49) .50  ** 

 Cover-up 4 .68 .74 1.97 (.56) 1.88 (.63) 1.75 (.59) 1.79 (.67) 3.48  ** 

 Prevention 4 .56 .71 3.02 (.69) 3.08 (.81) 2.99 (.63) 3.16 (.77) 1.06  ** 

Mastery         

 Learning 4 .57 .60 3.60 (.57) 3.61 (.58) 3.59 (.58) 3.61 (.64) .00  ** 

 Correct 5 .71 .73 3.70 (.51) 3.78 (.49) 3.82 (.49) 3.79 (.52) 2.51  ** 

 Analysis 4 .75 .70 3.38 (.68) 3.71 (.58) 3.80 (.50) 3.82 (.62) 15.30*  *   

* p < .01; ** p < .05;  


