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Debriefing interaction patterns and learning 
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mixed‑methods network study
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Abstract 

Background:  Debriefing is effective and inexpensive to increase learning benefits of participants in simulation-based 
medical education. However, suitable communication patterns during debriefings remain to be defined. This study 
aimed to explore interaction patterns during debriefings and to link these to participants’ satisfaction, perceived use-
fulness, and self-reported learning outcomes.

Methods:  We assessed interaction patterns during debriefings of simulation sessions for residents, specialists, and 
nurses from the local anaesthesia department at the Bern University Hospital, Bern, Switzerland. Network analysis was 
applied to establish distinctive interaction pattern categories based on recorded interaction links. We used multilevel 
modelling to assess relationships between interaction patterns and self-reported learning outcomes.

Results:  Out of 57 debriefings that involved 111 participants, discriminatory analyses revealed three distinctive 
interaction patterns: ‘fan’, ‘triangle’, and ‘net’. Participants reported significantly higher self-reported learning effects in 
debriefings with a net pattern, compared to debriefings with a fan pattern. No effects were observed for participant 
satisfaction, learning effects after 1 month, and perceived usefulness of simulation sessions.

Conclusions:  A learner-centred interaction pattern (i.e. net) was significantly associated with improved short-term 
self-reported individual learning and team learning. This supports good-practice debriefing guidelines, which stated 
that participants should have a high activity in debriefings, guided by debriefers, who facilitate discussions to maxi-
mize the development for the learners.
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Introduction
Simulation-based medical education enables mastery 
learning through deliberate practice of high-risk events 
without endangering patients. It is effective for learning 
of individuals [1, 2], changes in team behaviours, and it 
also improves patient outcomes [3–5]. However, despite 
widespread implementation of simulations at all levels 
of medical education, the advantages of different simula-
tion approaches remain to be defined [4]. This calls for 

more ‘fine-grained’ simulation research that is focused on 
debriefing, one core component of simulation, and fac-
tors influencing its effectiveness [5–8].

Debriefings are ‘after-action reviews’[8] aiming to 
change behaviour and learning. Current literature 
suggests that debriefings are the pivotal way to maxi-
mize individual learning processes and thus facilitate 
behavioural changes at the level of individuals, teams, 
and systems [6–10]. The facilitator of this process, the 
debriefer, should primarily moderate group discussions 
and stimulate learning [6, 8, 9, 11–13]. Dieckmann and 
collegues [6] observed that debriefers still were the 
most active persons in debriefings, often engaged in 
a dyadic communication pattern with the most active 
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participants. Although experienced simulation instruc-
tors are trained in various debriefing approaches, there 
is little evidence how different interaction patterns 
during debriefing influence learning of individuals and 
groups. Ideal interaction patterns were defined as bal-
anced interactions connecting participants with each 
other and with the debriefer [6].

Kolbe and Boos [14] recommended for the study of 
debriefing effectiveness a focus on group dynamics. 
This allows opening the black box of the group process 
as a true mediator between debriefers’ behaviour and 
ultimately learning. Therefore, investigating different 
interaction patterns (i.e. debriefing styles) is of utmost 
importance. Linking these patterns to learning outcomes 
finally might establish desirable changes in behaviour.

To date, most studies have focused only on the indi-
vidual effects of debriefer behaviors [6, 15]. Social net-
work analysis is a well-established method to analyse 
interaction patterns also at the group and system level 
[16]. Although it is rarely used in medical education 
research [14, 17], in the field of small-group research, 
social network analysis has already been shown to be 
able to explore group dynamics and associations between 
interaction structures and outcomes [18–22]. Deeper 
understanding of interaction patterns in debriefings will 
contribute to more detailed knowledge of the effective 
underlying debriefing mechanisms and how communica-
tion between debriefers and participants influences simu-
lation-based learning [6, 11, 23].

The purpose of the present study was to investigate 
possible different interaction patterns during debrief-
ings, and the associations to short and after 1-month 
self-reported reactions, and learning outcomes using net-
work analysis. We were interested if different interaction 
patterns influence participants’ learning outcomes. Spe-
cifically, this observational study aimed to find evidence 
about the following research questions:

1)	 How many distinguishable interaction patterns can 
be found?

2)	 How are the interaction patterns related to the 
subjective satisfaction of the debriefing by the par-
ticipants? (Post-session survey)

3)	 How are the interaction patterns related to the per-
ceived usefulness of the simulation sessions? (One-
month follow-up)

4)	 How are the interaction patterns related to self-
reported individual and team learning outcomes rated 
directly after simulation session? (Post-session survey)

5)	 How are the interaction patterns related to self-
reported individual and team learning outcomes 
1  month after the simulation session? (One-month 
follow-up).

Methods
Procedure
This observational study was performed at the departmen-
tal Bern Simulation and CPR-Centre at the Bern University 
Hospital in Bern, Switzerland, from January to December 
2018. With informed consent from the simulation partici-
pants and instructors, twenty 5-h simulation sessions were 
observed live. Each 5-h simulation session comprised of 
an introduction (i.e. establish learning climate, clarifying 
the expectations and objectives), followed by three simu-
lation scenarios, each with immediate debriefing after the 
scenario. The simulation sessions hosted each five to seven 
anaesthesia residents, specialists, and nurses. Immediately 
after the scenario, two certified simulation instructors 
(anaesthesia nurses and physicians) led the debriefings. 
All instructors included in the study have at least passed 
the EUSim simulation instructor course level 1. Scenarios 
plus debriefings were video recorded. There was no inter-
vention in this observational study, but participants and 
debriefers were informed that interactions will be counted, 
and the simulation instructors were asked to debrief as per 
their usual practice (naturalistic approach).

In autumn 2017, prior to start of the study, two psy-
chologists, who were trained to rate interactions, were 
introduced to the simulation environment and medical 
terminology. For each simulation session, they observed 
live both the simulation and the debriefing for all three 
scenarios. During each debriefing, they counted all 
speaking turns between participants and debriefers. 
These distinct interactions were noted in a ‘who-to-
whom list’ [19, 21, 22].

Surveys
Before the start of the first scenario, simulation partici-
pants filled in the first set of questionnaires, the second 
set was collected immediately after the debriefing of the 
third scenario to assess short-term self-reported learning 
outcomes, and the final set was collected 1 month later.

In the surveys, we first asked the participants about 
their demographics (i.e. age, gender, occupation, simu-
lation experience). The presession survey set asked two 
questions rated on a visual analogue scale (VAS), rang-
ing from 0 = very low to 10 = very high: (1) ‘How high is 
your actual motivation for today’s simulation?’ and (2) 
‘How useful is today’s simulation probably for your clini-
cal work?’.

The post-session survey set was completed directly 
after the end of the 5-h simulation session and retro-
spectively assessed the following with a visual analogue 
scale (VAS), ranging from 0 = very low to 10 = very high: 
(1) the individual learning effects of each of the three 
debriefings (‘How much did you learn from the debriefing 
session for the first/second/third scenario?’), (2) the team 
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learning effects of each of the three debriefings (‘How 
much do you think the team learnt from the debriefing 
session of the first/second/third scenario?’), (3) the satis-
faction with the debriefings (‘How satisfied are you with 
the debriefing of the first/second/third scenario?’, and (4) 
the usefulness of the simulation session (‘How useful is 
today’s simulation session for your clinical work?’). One 
month later, the participants received the same post-ses-
sion survey set (follow-up).

Establishing debriefing interaction patterns
Using the 57 ‘who-to-whom lists’ from the live observed 
debriefings, a qualitative-quantitative mixed network 
analysis was used to determine the number of distinctive 
interaction patterns. Based on these lists, we printed 57 
network structures using the R-package igraph [24]. Three 
psychologists who were blinded to the research questions 
grouped these network structures into distinctive catego-
ries based on the printed averaged network structures, 
which are displayed at the bottom of Fig. 1. No constraints 
were placed on the number of categories to be used. After 
establishing interaction pattern categories, their discrimi-
natory ability was evaluated by comparing seven common 
network metrics [25, 26] (Additional file 2). Network met-
rics refer to mathematical measures that use the underly-
ing network matrix to capture specific properties of the 
network topology [16, 25, 26]. These metrics are used to 
validate the printed network structures and allow com-
parisons amongst networks of different sizes [25].

Statistical analysis
Categorical data was analysed using Fisher’s exact tests 
and continuous variables by analysis of variance. Inter-
rater agreement was assessed by Cohen’s kappa (κ) for 
categories and by intra-class correlations (ICC) for inter-
val scaled data. A p-value of 0.05 or less was considered 
as statistically significant. The required sample size was 
estimated by prior power analysis using G*Power [27]. 
Assuming a medium effect size (f2 = 0.15) for linear 
regression (α = 0.05, 1-β = 0.80), the total required sam-
ple size was 55 debriefings.

We examined the relations between interaction pat-
tern categories and learning outcomes using hierarchical 
linear multilevel regression analysis [28], which can be 
found in detail in Additional file 1.

All analyses were carried out using the R-package 
nlme  [29] and phia  [30] (De Rosario-Martinez 2015) in 
the R statistical language [31]. All of the models were 
estimated with maximum-likelihood estimation. Normal 
distribution of the outcome variables was confirmed by 
inspecting the residual diagnostics of the fitted multilevel 
models. We assessed the need for multilevel modelling 
by computing the respective intraclass correlation coef-
ficients (ICCs).

Missing data
In the post surveys, six responses of two different partici-
pants were missing (satisfaction ratings) and one for the 

Fig. 1  The three different interaction patterns for the debriefings. Top, full sociograms. Bottom, averaged sociograms from respective full 
sociograms. (All 57 interaction patterns are displayed in Additional file 3 (fan), Additional file 4 (triangle), and Additional file 5 (net)
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usefulness ratings. To impute these missing values, we 
used the best-value regression algorithm from R-package 
mice [32].

Results
Of the 21 simulation sessions, two sessions had to be 
excluded. In one session, three out of six participants did 
not consent; the other session was not ‘interprofessional’ 
as only physicians participated and no nurses, and there-
fore not comparable to the other debriefing teams. Thus, 
19 simulation sessions, with 3 scenarios and debriefings 
each (total of 57 debriefings), were analysed. A total of 111 
simulation participants, aged 39 ± 9  years, 60% female, 
were debriefed; 49% of them were nurses, 25% specialists, 
and 26% residents; all had participated in 2 ± 2 simulation 
sessions previously. More nurses than residents and spe-
cialists declined to answer the follow-up (p < 0.03). The 
overall response rate was 69%. Fourteen debriefers aged 
43 ± 8  years, 21% female, with 5 ± 4  years of debriefing 
experience, formed 10 different pairs of debriefers.

Each debriefing lasted 36 ± 9  min and contained 
625 ± 191 communication interactions. In total, 2076 min 
of debriefings was analysed, which contained 35,648 
communication interactions. Interrater agreement was 
good to excellent (ICCs 0.78–0.99).

Qualitative part: different interaction patterns 
during debriefings
Three blinded psychologists grouped the 57 printed 
network structures (Additional files 3, 4 and 5) into 
interaction patterns. Two raters defined three cat-
egories; one defined four. Based on the calculations 
of the interrater agreement, the fourth category was 
integrated into one of the other three, which provided 
acceptable to good interrater agreement (κ = 0.661 to 
κ = 0.879). Figure 1 displays the three different interac-
tion patterns (all 57 interaction patterns are displayed 
in Additional files 3, 4 and 5):

•	 Pattern 1, the ‘fan’ is characterized by interaction 
between the debriefer and each individual participant.

•	 Pattern 2, ‘the triangle’ is characterized by interaction 
between the debriefer and each individual partici-
pant but also between two participants and the lead 
debriefer in a triangle shape.

•	 Pattern 3, ‘the net’ is characterized by interaction of 
the debriefer with each participant but also of inter-
actions between all participants in a net formation.

In addition to a visual classification of network struc-
tures, social networks can be analysed using metrics that 
describe the density and shape in the network as well as 

the network centrality of individual members [25]. Dis-
criminatory analysis of network metrics of the three 
interaction patterns revealed that pattern 1 (fan) is sig-
nificantly different from pattern 3 (net) for all of the 10 
evaluated network metrics (Additional file 2). Moreover, 
pattern 1 (fan) was significantly different from pattern 2 
(triangle) in eight of 10 network metrics, and pattern 2 
(triangle) differed significantly from pattern 3 (net) in one 
network metric.

Quantitative part: results for satisfaction and usefulness
Intra‑class correlation
Assessment of debriefing satisfaction as a function of 
the interaction pattern directly after the debriefings 
showed that 60.6% of the variance in subjective satisfac-
tion was attributed to the participant level (i.e. nested 
in different simulation sessions). The ICC for measure-
ment points nested in the participants was 0.253 and 
between the course groups 0.141. Perceived usefulness 
of the debriefings over time (pre, post, follow-up) as a 
function of the interaction pattern showed that 44.4% 
of the variance in usefulness was attributed to the 
measurement points. The ICC for participants nested 
in the simulation sessions was 0.377 and between the 
simulation sessions 0.180.

Associations with satisfaction
Table 1 shows the results for the final model of the mul-
tilevel regression analysis on all the short-term outcome 
variables. The only significant association was between 
participants’ satisfaction and motivation before the sim-
ulation session (p = 0.036). This suggests that the higher 
the motivation, the greater the satisfaction with the 
simulation session. There was no significant association 
between participants’ satisfaction and interaction pattern 
category, indicating no effect of interaction patterns on 
participants’ satisfaction ratings.

Associations with usefulness
Table  2 shows the results of the final model of the mul-
tilevel regression analysis on outcome variables after 
1  month. Motivation was strongly positively associated 
with perceived usefulness over time (p < 0.001). There was 
no association for perceived usefulness of interaction pat-
tern (p = 0.259) or for the interaction of interaction pattern 
with time (p = 0.112). This indicates no effect of interaction 
patterns on participants’ perceived usefulness of the whole 
simulation session.

Results for self‑reported learning outcomes
Intra‑class correlation
Post-simulation session assessment of individual learning 
as a function of the interaction pattern showed that 64.0% 



Page 5 of 10Abegglen et al. Advances in Simulation            (2022) 7:28 	

of the variance in the individual learning was attributed 
to the measurement points nested in the participants 
(level 1). The ICCs for variability in the short-term indi-
vidual learning for participants nested in the simula-
tion sessions 0.303 and between the simulation sessions 
0.057. Post-simulation session assessment of team learn-
ing showed the ICC for measurement points nested in 
participants was 0.497; for the participants nested in the 

simulation sessions, 0.457; and between the simulation 
sessions, 0.046.

The 1-month follow-up revealed that 57% of the vari-
ance in the individual learning was attributed to the 
measurement points (level 1). The ICC for variability in 
individual learning for participants nested in the simula-
tion sessions was 0.335 and between the simulation ses-
sions 0.095. For 1-month follow-up team learning, the 

Table 1  Results of the multilevel regression analysis on the self-reported short-term outcome variables

* p < 0.05; **p < 0.01; ***p < 0.001; †p < 0.07

Abbreviations: β Standardized estimate, SE standard error
a Explained variance by the full model
b Chi-squared difference test between model 1 (covariates without pattern category) and model 2 (all predictors)
c Unstandardized variance

Variables Satisfaction Individual learning Team learning

β SE β SE β SE

Intercept 0.001 0.103 0.000 0.073 0.001 0.076

Interaction category 0.007 0.041 0.184** 0.057 0.168* 0.067

Duration of debriefing 0.024 0.039 0.184* 0.057 0.120† 0.068

Time 0.023 0.034 0.081 0.051 0.053 0.062

Motivation 0.154* 0.082 0.260*** 0.068 0.282*** 0.054

Experience participants  − 0.146† 0.079  − 0.059 0.067  − 0.121* 0.051

Group size 0.084 0.113  − 0.046 0.082 0.015 0.085

Experience debriefers 0.238† 0.115 0.031 0.086  − 0.018 0.091

Pseudo R2 Nagelkerkea 0.106 0.206 0.166

χ2-model testb 0.026 10.23** 6.08*

Table 2  Results of the multilevel regression analysis on self-reported outcome variables after 1 month

* p < 0.05; **p < 0.01; ***p < 0.001; †p < 0.07

Abbreviations: β, standardized estimate; SE, standard error
a Explained variance by the full model (with all predictors)
b Chi-squared difference test between model 1 (covariates without pattern category) and model 2 (all predictors)
c Unstandardized variance

Variables Usefulness Individual learning Team learning

β SE β SE β SE

Intercept 0.024 0.074  − 0.020 0.0835  − 0.019 0.084

Time 0.026 0.041  − 0.145* 0.056  − 0.149** 0.054

Motivation 0.532*** 0.060 0.378*** 0.076 0.374*** 0.076

Experience participants  − 0.021 0.059  − 0.010 0.078  − 0.042 0.078

Interaction category 0.123 0.102 0.109 0.114 0.111 0.115

Group size 0.018 0.081 0.022 0.090 0.048 0.091

Experience debriefers  − 0.056 0.101  − 0.016 0.120  − 0.047 0.120

Interaction category × time 0.066 0.042 0.064 0.057 0.089 0.055

Estimate Estimate Estimate
Pseudo R2 Nagelkerkea 0.323 0.251 0.269

χ2-model testb 3.737 1.947 3.277
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ICC for measurement points nested in the participants 
was 0.554; for the participants nested in the simulation 
sessions, 0.351; and between the simulation sessions, 
0.095.

Associations with short‑term individual and team learning
The results showed nonsignificant random effects for 
individual learning and team learning (Table 1). However, 
the interaction pattern had a significant effect on indi-
vidual learning (p = 0.002) and team learning (p = 0.017). 
Post hoc contrast analysis revealed a significant mean 
difference for individual learning between pattern 1 (fan, 
6.89 ± 0.22) and pattern 3 (net, 7.71 ± 0.20; p = 0.016) 
(Fig. 2). Similarly, a significant difference for team learn-
ing was seen between pattern 1 (fan, 7.10 ± 0.19) and 
pattern 3 (net, 7.74 ± 0.18; p = 0.03) (Fig.  3). Thus, the 
learning effects were significantly higher in the debrief-
ings with a net pattern compared to those with a fan pat-
tern. All other pattern comparisons were not significant.

Motivation was significantly associated to individual 
and team learning as assessed directly post-simulation 
(p < 0.001). This suggests that the higher the motivation, 
the greater the perceived learning effects. Also, simula-
tion experience was significantly negatively associated 
to team learning (p = 0.018), but not to individual learn-
ing (p = 0.378). This indicates that greater prior experi-
ence with simulations was associated with significantly 
smaller ratings of a team learning effect. Longer duration 
of debriefings was significantly positively associated with 
individual learning (p = 0.001), but not to team learning 
(p = 0.086), suggesting that longer debriefings yielded 
higher ratings on individual learning.

Associations with individual and team learning after 1 month
Table 2 shows the results of the final model of the multi-
level regression analysis of 1-month follow-up. There 
was a significant effect of time on individual and team 
learning. Learning decreased over time, which was more 
pronounced for team learning. Motivation before the simu-
lation session was strong positively associated with individ-
ual and team learning (p < 0.001), which suggested a strong 
and lasting effect of participant motivation on learning out-
comes. There was no effect of interaction pattern on indi-
vidual or team learning (p = 0.354; p = 0.424, respectively), 
and no interaction with time for either of these learning 
outcomes (p = 0.270; p = 0.112, respectively).

Discussion
This study revealed three interrelated main findings 
that might enhance debriefing quality. First, there were 
three interaction pattern categories (fan, triangle, and 
net; Fig.  1) distinguishable by network metrics [25, 26] 
(Additional file  2). Second, these interaction patterns 
were associated with self-reported short-term learn-
ing effects, and third, participants’ motivation before 
the simulation session was highly predictive for self-
reported learning, satisfaction, and usefulness.

Interestingly, two previously described patterns [6] 
emerged (i.e. fan, triangle). Additionally, we found the 
net structure, which has a lot of similarities to the previ-
ously described star pattern by Dieckmann and collegues 
[6]. Contrary to the star pattern, the net structure shows 
strong interactions between all participants. This pattern 
significantly enhances self-reported short-term individual 
and team learning. The fan pattern represents the earlier 
described instructor-centred debriefing style, where most 

Fig. 2  Simple effects of interaction pattern on self-learning
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of the communication activity is directed by the debriefer, 
and no interactions between participants occur [11, 33–
35]. The triangle pattern is characterized by interactions 
of the lead debriefer with two of the most active partici-
pants, which also includes some interactions between 
these two participants [6]. The net pattern relates to what 
is called a learner-centred debriefing style [11, 33–35], in 
which the communication is mostly balanced between all 
of the group members and the debriefers. Our findings 
therefore support the assumption of common interaction 
patterns in debriefings of simulations [6].

There was a significant association of the net inter-
action patterns on self-reported short-term learning 
effects. Participants who experienced the net inter-
action pattern reported significantly greater short-
term learning effects in individual and team learning 
compared to the fan interaction pattern. These find-
ings are in line with current good-practice debriefing 
guidelines [8, 10, 12, 13] and the growing evidence 
on learner-centred approaches [11, 33–35]. That is, 
participants were actively engaged in debriefings 
under the facilitation of a well-trained debriefer who 
intended to maximize the learners’ development [10, 
11, 33, 34], and that active engagement of learners in 
knowledge construction is essential in the process of 
learning [11, 33–35]. Based on our results, we argue 
that debriefers might operate as facilitators of the 
group’s discussion [6, 8, 12] and should encourage par-
ticipants to exchange their own reflections, regardless 
of their role in the simulation scenario [6, 8]. Thus, 
effective debriefing occurs when the debriefers focus 
not only on the content of the debriefing explicitly but 
also on the process and structure of the discussion (i.e. 

managing: transmission from one topic to the next, 
time, balancing participant contributions) [12].

In contrast to this, instructor-centred teaching 
implies unilateral control of the learning content and 
time spent on each issue, with a disparity of power 
[11]. Such behaviour might jeopardize the psychologi-
cal safety of participants and burdens the responsibility 
for learning on the debriefers [11]. Thus, participants 
might show less self-regulation, less self-assessment, 
and fail to identify performance gaps [11]. Neverthe-
less, instructor-centred debriefing might be appropri-
ate for different target groups and topics. For instance, 
a recent study showed that local culture is related to 
debriefing practices and perceived engagement of the 
participants (i.e. hierarchy) [36]. Open questions there-
fore are as follows: the implication of debriefing styles 
in interprofessional cultures, in interdisciplinary cul-
tures, and with participants of different educational 
levels (i.e. students, postgraduate learners, specialists).

Interestingly, the different interaction patterns had no 
significant effects on the self-reported learning effects 
assessed 1 month after the simulation session. Generally, 
learned competences decrease over time [37]. In the pre-
sent study, the time effect and motivation mainly explained 
the variance in the model (Table  2). Nevertheless, post 
hoc analysis of this nonsignificant effect showed that the 
self-reported learning effects of participants who expe-
rienced the net interaction patterns remained relatively 
stable, whereas it decreased over time in the other inter-
action patterns. Also, the interaction patterns showed nei-
ther significant associations with participants’ satisfaction 
with debriefings nor on the perceived usefulness. Other 
open questions therefore are the unclear association of the 

Fig. 3  Simple effects of interaction pattern on team learning
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complex relationship between interaction pattern and par-
ticipant satisfaction as well as usefulness of simulation.

Finally, participant motivation prior to the start of simu-
lation was highly predictive for significantly higher rates in 
usefulness, satisfaction, and self-reported learning effects 
directly after the simulation session (Table  1) and after 
1 month (Table 2). There is strong evidence that motiva-
tion is related to skill acquisition, willingness to learn, and 
implementation of newly acquired skills into practice [35]. 
It seems possible that participants’ motivation could influ-
ence the debriefing interactions and therefore the inter-
action patterns. However, using the methodology of this 
study, this question cannot be reliably answered but should 
clearly be addressed in future debriefing research.

Strengths and limitations
A strength of our study is the high number of 57 debrief-
ings, which were coded by two trained raters and showed a 
high interrater reliability. In contrast to a previous observa-
tional study with a single rater for interaction patterns based 
on eight different debriefings [6], the present study used a 
more rigorous methodological and statistical approach. Fur-
thermore, we applied mixed quantitative–qualitative net-
work methodology [14, 17–19, 22] and evaluated pattern 
distinctiveness using established network metrics [25, 26]. 
We controlled different systems and participant variables 
in our models. For instance, research has shown that group 
size influences the distribution of participation in teams [21, 
22, 38]. Furthermore, we included the number of partici-
pants per debriefing group as a control variable in our statis-
tical models. Even after controlling for these variables, our 
results remained statistically significant.

Our study has several limitations. As the authentic 
debriefing sessions were video recorded, the presence of 
a video camera might had an effect on participants’ and 
debriefers’ behaviour in the debriefings. However, it has 
been shown that using video recording has no serious 
influence on participant behaviour [19, 21].

We aggregated all of the interactions into a whole 
interaction pattern during the entire debriefing, devel-
oping our patterns, which were therefore static. Thus, 
we cannot make statements about the optimal interac-
tion dynamics during the debriefings. It is possible that 
a more directive debriefing style was constructive during 
some of the debriefing phases [12]. For example, a more 
instructor-centred debriefing style might also be ben-
eficial when establishing psychological safety, setting the 
agenda, and clarifying the expectations [12, 14, 19].

All of the debriefings were collected in one simulation 
centre. The results might differ in different cultures or 
with different target groups[36]. Therefore, to strengthen 
the generalizability, further studies in different settings 
should be performed.

Finally, we assessed each learning outcome by one self-
reported item. This might influence the validity of our results, 
because of a possible bias (i.e. social desirability, acquiescent 
bias). The accuracy of self-reported learning outcomes has 
been the focus of intense debate [39–41]. Self-assessment of 
learning is sometimes regarded as having dubious validity com-
pared to so-called direct measures of learning [42] (i.e. observer 
ratings, clinical outcomes). Self-reported learning measure-
ments are only indirect indicators of increased learning and 
have been shown to be biased [39, 40]. Nevertheless, studies 
have shown that self-assessment might be appropriate in schol-
arly research especially for high-performing persons [40, 42, 43] 
and reported correlations of self-reported learning and external 
final exam scores as moderate to high [39, 41]. Although evi-
dence is mixed about the validity of self-reported learning out-
comes [39, 41], and considering the weaknesses and strengths 
of this type of measurement, we argue that self-reported learn-
ing outcomes are appropriate with well-experienced anaesthe-
siologists and nurses used to regularly scheduled simulation 
sessions and may contribute to a better understanding of learn-
ing processes in debriefings. Nevertheless, future research 
should incorporate a more advanced learning outcome meas-
ure to capture individual learning effects.

Conclusion
This study revealed three different interaction patterns 
during debriefings: fan, triangle, and net. As a particular 
empirical investigated novelty, the net pattern was sig-
nificantly associated with improved self-reported short-
term individual and team learning. These results are in 
line with current good practice debriefing guidelines and 
the growing evidence on learner-centred debriefings. 
The practical implications are that knowledge of differ-
ent debriefing styles enhances the debriefers’ ability to 
act and opens the possibility to stimulate active engage-
ment of learners. Focusing additionally on the debrief-
ing process, rather than only on the content of the 
debriefing, may influence short-term learning and pos-
sibly enhances the efficacy of simulation-based medical 
education. Motivation before simulation sessions has a 
strong influence on self-reported learning outcomes and 
should be enhanced.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s41077-​022-​00222-3.

Additional file 1. Statistical Analyses – Model Structure and Specification.

Additional file 2. Network metrics and dyad census for the different 
interaction patterns.

Additional file 3. All network structures Pattern 1: Fan.

Additional file 4. All network structures Pattern 2: Triangle.

Additional file 5. All network structures Pattern 3: Net.

https://doi.org/10.1186/s41077-022-00222-3
https://doi.org/10.1186/s41077-022-00222-3


Page 9 of 10Abegglen et al. Advances in Simulation            (2022) 7:28 	

Acknowledgements
The authors wish to thank Helen Eigenmann, Sybille Niggeler, Malina Gruener, 
Peter Hinderberger, and Fabian Krebs for their help with data collection and data 
management, Christopher Berrie for his diligent proofreading of this paper and all 
participants of the simulations from the Anaesthesia Department at Bern University 
Hospital, and the staff of the Bern Simulation and CPR-Centre, Bern, Switzerland.

Authors’ contributions
SA and RG contributed equally to the study design, data collection, data analy-
sis, interpretation of the results, and the drafting of the manuscript. SN and YB 
contributed equally to the data collection, data analysis, and the drafting of 
the manuscript. The authors read and approved the final manuscript.

Funding
The Department of Anaesthesiology and Pain Medicine, Inselspital, Bern 
University Hospital, Bern, Switzerland, supported this study. No commercial 
sponsor was involved in the design or conducting of the study.

Availability of data and materials
Restrictions apply to the availability of these data, and so, they are not publicly 
available. Data are available from the corresponding author upon reasonable 
request and with the permission of the Bern Ethics Committee, according to 
the Swiss Federal Human Research Act.

Declarations

Ethics approval and consent to participate
All procedures from this investigation followed the Helsinki Declaration, and all 
researchers complied with the Swiss Law for Human Research. The Bern Cantonal 
Ethics Committee (KEK-Bern) waived the need for ethics approval according to 
the Swiss Act on Human Research (no. Req-2018–00271, September 4, 2018).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Health Psychology and Behavioural Medicine, University 
of Bern, 3012 Bern, Switzerland. 2 Department of Anaesthesiology and Pain 
Medicine, Inselspital, Bern University Hospital, University of Bern, Bern, Switzer-
land. 3 School of Medicine, Sigmund Freud University Vienna, Vienna, Austria. 
4 Department of Anaesthesiology and Pain Management, Sinai Health System, 
University of Toronto, Toronto, Canada. 

Received: 5 November 2021   Accepted: 12 August 2022

References
	1.	 Doumouras A, Keshet I, Nathens A, Ahmed N, Hicks C. A crisis of faith? A 

review of simulation in teaching team-based, crisis management skills 
to surgical trainees. J Surg Educ. 2012;69(3):274–81. https://​doi.​org/​10.​
1016/j.​jsurg.​2011.​11.​004.

	2.	 McGaghie W, Issenberg S, Cohen E, Barsuk J, Wayne D. Does simulation-based 
medical education with deliberate practice yield better results than traditional 
clinical education? A meta-analytic comparative review of the evidence. Acad 
Med. 2011;86(6):706–11. https://​doi.​org/​10.​1097/​acm.​0b013​e3182​17e119.

	3.	 Boet S, Bould M, Fung L, et al. Transfer of learning and patient outcome 
in simulated crisis resource management: a systematic review. Can J 
Anaesth. 2014;61(6):571–82. https://​doi.​org/​10.​1007/​s12630-​014-​0143-8.

	4.	 Cook D, Hatala R, Brydges R, et al. Technology-enhanced simulation for 
health professions education. JAMA. 2011;306(9):978–88. https://​doi.​org/​
10.​1001/​jama.​2011.​1234.

	5.	 Fung L, Boet S, Bould M, et al. Impact of crisis resource management 
simulation-based training for interprofessional and interdisciplinary 
teams: a systematic review. J Interprof Care. 2015;29(5):433–44. 
https://​doi.​org/​10.​3109/​13561​820.​2015.​10175​55.

	6.	 Dieckmann P, Molin Friis S, Lippert A, Østergaard D. The art and science of 
debriefing in simulation: ideal and practice. Med Teach. 2009;31(7):e287–
94. https://​doi.​org/​10.​1080/​01421​59090​28662​18.

	7.	 Cheng A, Lang T, Starr S, Pusic M, Cook D. Technology-enhanced 
simulation and pediatric education: a meta-analysis. Pediatrics. 
2014;133(5):e1313–23. https://​doi.​org/​10.​1542/​peds.​2013-​2139.

	8.	 Lyons R, Lazzara E, Benishek L, et al. Enhancing the effectiveness of team 
debriefings in medical simulation: more best practices. Jt Comm J Qual 
Saf. 2015;41(3):115–25. https://​doi.​org/​10.​1016/​s1553-​7250(15)​41016-5.

	9.	 Tannenbaum S, Cerasoli C. Do team and individual debriefs enhance 
performance? A meta-analysis Hum Factors. 2012;55(1):231–45. 
https://​doi.​org/​10.​1177/​00187​20812​448394.

	10.	 Salas E, Klein C, King H, et al. Debriefing medical teams: twelve evidence-
based best practices and tips. Jt Comm J Qual Saf. 2008;34(9):518–27. 
https://​doi.​org/​10.​1016/​s1553-​7250(08)​34066-5.

	11.	 Cheng A, Morse KJ, Rudolph J, Arab AA, Runnacles J, Eppich W. Learner-
centered debriefing for health care simulation education: lessons for 
faculty development. Simul Healthc. 2016;11(1):32–40. https://​doi.​org/​10.​
1097/​SIH.​00000​00000​000136.

	12.	 Steinwachs B. How to facilitate a debriefing. Simul Gaming. 
1992;23(2):186–95. https://​doi.​org/​10.​1177/​10468​78192​232006.

	13.	 Kolbe M, Grande B, Spahn DR. Briefing and debriefing during simulation-
based training and beyond: content, structure, attitude and setting. Best 
Pract Res Clin Anaesthesiol. 2015;29(1):87–96. https://​doi.​org/​10.​1016/j.​
bpa.​2015.​01.​002.

	14.	 Kolbe M, Boos M. Laborious but elaborate: the benefits of really studying 
team dynamics. Front Psychol. 2019;10:1478. https://​doi.​org/​10.​3389/​
fpsyg.​2019.​01478.

	15.	 Salomon G. Transcending the qualitative-quantitative debate: the 
analytic and systemic approaches to educational research. Educ Res. 
1991;20(6):10–8. https://​doi.​org/​10.​3102/​00131​89x02​00060​10.

	16.	 Wasserman S, Faust K, Faust K. Social network analysis: structural analysis 
in the social sciences. Cambridge: Cambridge University Press; 1994.

	17.	 Isba R, Woolf K, Hanneman R. Social network analysis in medical educa-
tion. Med Educ. 2016;51(1):81–8. https://​doi.​org/​10.​1111/​medu.​13152.

	18.	 Nyström S, Dahlberg J, Edelbring S, Hult H, Abrandt Dahlgren M: Debriefing 
practices in interprofessional simulation with students: a sociomate-
rial perspective. BMC Med Educ. 2016; 16(1). https://​doi.​org/​10.​1186/​
s12909-​016-​0666-5

	19.	 Laapotti T, Mikkola L. Social interaction in management group meetings: 
a case study of Finnish hospital. J Health Organ Manag. 2016;30(4):613–
29. https://​doi.​org/​10.​1108/​jhom-​02-​2015-​0040.

	20.	 Zoethout H, Wesselink R, Runhaar P, Mulder M. Using transactiv-
ity to understand emergence of team learning. Small Group Res. 
2017;48(2):190–214. https://​doi.​org/​10.​1177/​10464​96417​691614.

	21.	 Sauer N, Kauffeld S. Meetings as networks: applying social network 
analysis to team interaction. Commun Methods Meas. 2013;7(1):26–47. 
https://​doi.​org/​10.​1080/​19312​458.​2012.​760729.

	22.	 Sauer N, Kauffeld S. The structure of interaction at meetings: a social 
network analysis. Zeitschrift für Arbeits- und Organisationspsychologie 
A&O. 2016;60(1):33–49. https://​doi.​org/​10.​1026/​0932-​4089/​a0002​01.

	23.	 Berger-Estilita J, Lüthi V, Greif R, Abegglen S. Communication content 
during debriefing in simulation-based medical education: an analytic 
framework and mixed-methods analysis. Med Teach. 2021. https://​doi.​org/​
10.​1080/​01421​59X.​2021.​19485​21.

	24.	 Csardi G, Nepusz T. The igraph software package for complex network 
research. InterJournal, complex systems. 2006;1695(5):1–9. http://​inter​
journ​al.​org/​manus​cript_​abstr​act.​php?​36110​0992. Accessed 20 Jan 2021.

	25.	 Dunn A, Westbrook J. Interpreting social network metrics in healthcare 
organisations: a review and guide to validating small networks. Soc Sci 
Med. 2011;72(7):1064–8. https://​doi.​org/​10.​1016/j.​socsc​imed.​2011.​01.​029.

	26.	 Uddin S, Hossain L. Dyad and triad census analysis of crisis communication 
network. Soc Netw. 2013;2(1):32–41. https://​doi.​org/​10.​4236/​sn.​2013.​21004.

	27.	 Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using 
G* Power 3.1: tests for correlation and regression analyses. Behav Res 
Methods. 2009;41(4):1149–60. https://​doi.​org/​10.​3758/​BRM.​41.4.​1149.

	28.	 Singer JD, Willett JB. Applied longitudinal data analysis, modeling change 
and event occurrence. New York, Oxford: Oxford University Press; 2003.

	29.	 Pinheiro J, Bates D, DebRoy S, Sarkar D, R Core Team. nlme: linear and 
nonlinear mixed effects models. https://​CRAN.R-​proje​ct.​org/​packa​ge=​
nlme. Published August 23, 2020. Accessed 27 Sept 2020.

https://doi.org/10.1016/j.jsurg.2011.11.004
https://doi.org/10.1016/j.jsurg.2011.11.004
https://doi.org/10.1097/acm.0b013e318217e119
https://doi.org/10.1007/s12630-014-0143-8
https://doi.org/10.1001/jama.2011.1234
https://doi.org/10.1001/jama.2011.1234
https://doi.org/10.3109/13561820.2015.1017555
https://doi.org/10.1080/01421590902866218
https://doi.org/10.1542/peds.2013-2139
https://doi.org/10.1016/s1553-7250(15)41016-5
https://doi.org/10.1177/0018720812448394
https://doi.org/10.1016/s1553-7250(08)34066-5
https://doi.org/10.1097/SIH.0000000000000136
https://doi.org/10.1097/SIH.0000000000000136
https://doi.org/10.1177/1046878192232006
https://doi.org/10.1016/j.bpa.2015.01.002
https://doi.org/10.1016/j.bpa.2015.01.002
https://doi.org/10.3389/fpsyg.2019.01478
https://doi.org/10.3389/fpsyg.2019.01478
https://doi.org/10.3102/0013189x020006010
https://doi.org/10.1111/medu.13152
https://doi.org/10.1186/s12909-016-0666-5
https://doi.org/10.1186/s12909-016-0666-5
https://doi.org/10.1108/jhom-02-2015-0040
https://doi.org/10.1177/1046496417691614
https://doi.org/10.1080/19312458.2012.760729
https://doi.org/10.1026/0932-4089/a000201
https://doi.org/10.1080/0142159X.2021.1948521
https://doi.org/10.1080/0142159X.2021.1948521
http://interjournal.org/manuscript_abstract.php?361100992
http://interjournal.org/manuscript_abstract.php?361100992
https://doi.org/10.1016/j.socscimed.2011.01.029
https://doi.org/10.4236/sn.2013.21004
https://doi.org/10.3758/BRM.41.4.1149
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme


Page 10 of 10Abegglen et al. Advances in Simulation            (2022) 7:28 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	30.	 De Rosario-Martinez H. phia: Post-hoc interaction analysis. http://​cran.r-​
proje​ct.​org/​web/​packa​ges/​phia/​index.​html. Published November 7, 2015. 
Accessed 20 Jan 2021

	31.	 R: The R Project for statistical computing. https://​www.r-​proje​ct.​org/. 
Accessed 27 Sept 2020.

	32.	 Van Buuren S, Groothuis-Oudshoorn K. Mice: multivariate imputation by 
chained equations in R. J Stat Softw. 2011;45(3):1–67. https://​doi.​org/​10.​
18637/​jss.​v045.​i03.

	33.	 Spencer JA, Jordan RK. Learner centred approaches in medical education. 
BMJ. 1999;318(7193):1280–3. https://​doi.​org/​10.​1136/​bmj.​318.​7193.​1280.

	34.	 Huang PH, Haywood M, O’Sullivan A, Shulruf B. A meta-analysis 
for comparing effective teaching in clinical education. Med Teach. 
2019;41(10):1129–42. https://​doi.​org/​10.​1080/​01421​59X.​2019.​16233​86.

	35.	 Taylor DCM, Hamdy H. Adult learning theories: implications for learning 
and teaching in medical education: AMEE Guide No. 83. Med Teach. 
2013;35(11):1561–72. https://​doi.​org/​10.​3109/​01421​59X.​2013.​828153.

	36.	 Ulmer FF, Sharara-Chami R, Lakissian Z, Stocker M, Scott E, Dieckmann P. 
Cultural prototypes and differences in simulation debriefing. Simul Healthc. 
2018;13(4):239–46. https://​doi.​org/​10.​1097/​SIH.​00000​00000​000320.

	37.	 Murre JM, Dros J. Replication and analysis of Ebbinghaus’ forgetting 
curve. PLoS ONE. 2015;10(7):e0120644. https://​doi.​org/​10.​1371/​journ​al.​
pone.​01206​44.

	38.	 Bonito J. The analysis of participation in small groups. Small Group Res. 
2002;33(4):412–38. https://​doi.​org/​10.​1177/​10464​96402​03300​402.

	39.	 Benton SL, Duchon D, Pallett WH. Validity of student self-reported ratings 
of learning. Assess Eval High Educ. 2013;38(4):377–88. https://​doi.​org/​10.​
1080/​02602​938.​2011.​636799.

	40.	 Caspersen J, Smeby JC, Aamodt OP. Measuring learning outcomes. Eur J 
Educ. 2017;52(1):20–30. https://​doi.​org/​10.​1111/​ejed.​12205.

	41.	 Wolters CA, Won S: Validity and the use of self-report questionnaires to 
assess self-regulated learning, Handbook of self-regulation of learn-
ing and performance, 2nd edition. Edited by Alexander PA, Schunk DH, 
Greene J.A.. New York, Routledge, 2018, pp. 307–322.

	42.	 Pike GR. Using college students’ self-reported learning outcomes in scholarly 
research. New dir inst Res. 2011;150:41–58. https://​doi.​org/​10.​1002/​ir.​388.

	43.	 Evans C, Kandiko Howson C, Forsythe A. Making sense of learning gain in 
higher education. High Educ Pedagog. 2018;3(1):1–45. https://​doi.​org/​10.​
1080/​23752​696.​2018.​15083​60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://cran.r-project.org/web/packages/phia/index.html
http://cran.r-project.org/web/packages/phia/index.html
https://www.r-project.org/
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.1136/bmj.318.7193.1280
https://doi.org/10.1080/0142159X.2019.1623386
https://doi.org/10.3109/0142159X.2013.828153
https://doi.org/10.1097/SIH.0000000000000320
https://doi.org/10.1371/journal.pone.0120644
https://doi.org/10.1371/journal.pone.0120644
https://doi.org/10.1177/104649640203300402
https://doi.org/10.1080/02602938.2011.636799
https://doi.org/10.1080/02602938.2011.636799
https://doi.org/10.1111/ejed.12205
https://doi.org/10.1002/ir.388
https://doi.org/10.1080/23752696.2018.1508360
https://doi.org/10.1080/23752696.2018.1508360

	Debriefing interaction patterns and learning outcomes in simulation: an observational mixed-methods network study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Procedure
	Surveys
	Establishing debriefing interaction patterns
	Statistical analysis
	Missing data

	Results
	Qualitative part: different interaction patterns during debriefings
	Quantitative part: results for satisfaction and usefulness
	Intra-class correlation
	Associations with satisfaction
	Associations with usefulness

	Results for self-reported learning outcomes
	Intra-class correlation
	Associations with short-term individual and team learning
	Associations with individual and team learning after 1 month


	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


