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Objective To assess whether team performance in simulated
eclampsia is related to the knowledge, skills and attitudes of
individual team members.

Design Cross-sectional analysis of data from the Simulation and
Fire Drill Evaluation randomised controlled trial.

Setting Six secondary and tertiary maternity units in south-west
England.

Participants One hundred and fourteen maternity professionals in
19 teams of six members; one senior and one junior obstetrician;
two senior and two junior midwives.

Methods We validated a team performance ranking scheme with
respect to magnesium administration (Magnesium Administration
Rank, MAR) by expert consensus (face validity) and correlation
with clinical measures (construct validity). We tested for
correlation between MAR and measures of knowledge, skills and
attitudes.

Main outcome measures Correlation between team performance
(MAR) and scores in validated multiple-choice questionnaires
(MCQs) (knowledge), a measure of individual manual skill to

manage an obstetric emergency (skill) and scores in a widely used
teamwork/safety attitude questionnaire (attitude).

Results There was no relationship between team performance and
cumulative individual MCQs, skill or teamwork/safety attitude
scores.

Conclusions The knowledge, manual skills and attitudes of the
individuals comprising each team, measured by established
methods, did not correlate in this study with the team’s clinical
efficiency in the management of simulated eclampsia. The
inference is that unidentified characteristic(s) play a crucial part in
the efficiency of teams managing emergencies. Any emphasis of
training programmes to promote individual knowledge, skills and
attitudes alone may have to be re-examined. This highlights a
need to understand what makes a team efficient in dealing with
clinical emergencies.

Keywords Eclampsia, education, emergencies, knowledge,
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Introduction

Obstetric emergencies are unpredictable and sudden. Suc-
cessful management requires a rapid coordinated response
by ad hoc multiprofessional teams. The need to provide
training in team coordination and communication for cli-
nicians has been repeatedly identified as a safety priority
for developed countries.'™

Eclampsia is an emergency that can result in severe com-
plications for both mother and baby.*® The members of
clinical teams that manage eclampsia might not have worked

together in this context previously. The teams need to per-
form a number of key tasks, in particular the adminis-
tration of magnesium sulphate, in accordance with
national guidelines derived from confidential enquiries
and  systematic of evidence.®. Magnesium
administration for women with eclampsia is associated
with a decrease in the recurrence of convulsions, a trend
for lower maternal mortality and a significant reduction
in serious maternal morbidity.® For the baby, its admin-
istration is associated with a significant decrease in peri-
natal mortality and fewer admissions to special care baby
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units.® Some teams are efficient in administering magne-
sium in this context; other teams are less efficient or
never consider giving it.**"'?

It appears that some clinical teams possess characteristics
that make them more efficient than others, and so are better
able to achieve good outcomes by performing key actions in
a timely manner. This association between efficiency and
overall team performance, as well as outcome, has been
shown not only for simulated eclampsia,'? but also for simu-
lated postpartum haemorrhage' and real-life umbilical cord
prolapse.'* Moreover, it has been shown that an inefficient
response to other medical emergencies, in association with
poor teamwork, is the root cause of many adverse outcomes,
often leading to medical litigation."

If the characteristics of efficient teams could be identi-
fied, the information could be used to inform training pro-
grammes. The aim of this study was to explore the
relationship between team efficiency and team members’
knowledge, skills and attitudes (KSA).

Methods
Design

This is a cross-sectional analysis of data from a large
randomised controlled trial of training for obstetric emer-
gencies [Simulation and Fire Drill Evaluation (SaFE)
study]."” ‘SaFE’ was a portfolio of studies commissioned by
the Department of Health for England and Wales, the pri-
mary aim of which was to compare training at a simulation
centre with training in local units, and clinical training
alone versus clinical training with the addition of extra
teamwork training. The methodology has been described in
detail elsewhere.!*'*™" In this report, we focus on the
results prior to the training process.

Participants

Participants were recruited to the study in 2004-5 from six
large maternity units in the south-west of England.'? Par-
ticipants were randomly selected from staff lists and allo-
cated to 24 simulation teams (four teams from each unit).
The individual teams were made up of staff from one unit,
and each team comprised one senior doctor, one junior
doctor, two senior midwives and two junior midwives. For
the SaFE study, there were no data of training effectiveness
on which to base power calculations.

Measurements

Knowledge, skills and attitudes (KSA)

All participants were evaluated individually for knowledge
[using validated multiple-choice questionnaires
(MCQs)],''® skill at managing an obstetric emergency
(using simulated shoulder dystocia with a standardised

Teamwork and KSA

scenario)'®

validated questionnaire).
The MCQ questions, written by expert midwives, obste-
tricians and obstetric anaesthetists, were based on evidence-

and attitudes to safety and teamwork (using a
13,20

based guidance and published literature. The maximum
number of marks for the MCQs was 185, which included
30 marks specific to eclampsia (Appendix S1, see Support-
ing information).

For skills, one of the main aims of training was to
improve both the accoucheur’s efficiency (to limit fetal
hypoxia) and care (to reduce trauma). The multiprofes-
sional research team looked at the SaFE study records and
devised an ordinal score (rank) based on the skills and
effectiveness of individual team members exhibited during
shoulder dystocia drills. The ordinal score reflected recom-
mendations from national confidential enquiries®’ and
guidelines,” and correlated significantly with the maximum
amount of force used by the participants (Kendall’s
tau, = 0.19, P = 0.016; Appendix S2, see Supporting infor-
mation).

For attitudes, each team member completed a validated
safety and teamwork attitudes questionnaire.”® It comprised
57 items and participants answered with a five-point Likert
scale. The maximum score was 100, and higher scores indi-
cated more positive attitudes.

Team performance

Teams were evaluated for their ability to manage simulated
eclampsia with a standardised clinical scenario. The team
evaluations were undertaken before the teams entered a
training programme. The team members were not aware of
the nature of the simulation before it started. The video
recordings were evaluated with checklists derived from
national recommendations.®® All evaluations were under-
taken by two trained external assessors (doctor and mid-
wife) working independently, who viewed the digital
recordings in different sequences randomly generated by
computer.

We regarded success in obtaining, preparing and admin-
istering magnesium sulphate as the most important obser-
vable and documented team action, and formulated a
clinical efficiency ranking based on the administration of
magnesium sulphate (Magnesium Administration Rank,
MAR). To reach consensus and establish face validity of
the ranking scheme, we used a ‘Delphi’ technique, modified
for combined face-to-face meetings and email communica-
tion. Consensus was reached over four formal meetings by
four clinical obstetricians, a research midwife and a statistician/
methodologist. The teams were grouped, blind to their
KSA scores to avoid bias, according to their performance
as follows: (i) did not obtain magnesium; (ii) obtained but
did not prepare magnesium; (iii) prepared but did not
administer magnesium; (iv) administered magnesium but
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>6 minutes from the start of the drill; (v) administered
magnesium <6 minutes from the start of the drill. The
6-minute cut-off was based arbitrarily on the frequency
distribution of the teams’ recorded timings to obtain
roughly equal group sizes.

Validation

The team MARs correlated with the ability to perform
other key clinical actions for the management of eclampsia
(Figure 1), confirming the construct validity of the scores.
The team MARs also increased after training (Table I,
P = 0.035, two-tailed sign test), providing further support-
ive evidence of construct validity.
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Figure 1. Correlation between Magnesium Administration Rank (MAR)
and other measures of clinical team efficiency. (A) Lowering of head
rest: higher magnesium scores (MAR) tended to be associated with
shorter time intervals: Kendall’s rank correlation coefficient

taup, = —0.32, P = 0.09. (B) Administration of oxygen: higher
magnesium scores (MAR) were generally associated with shorter time
intervals: tau, = —0.29, P = 0.12.

Table 1. Validation of Magnesium (Mg) Administration Rank (MAR)
as a team performance measure: comparison of team MARs before
and after training. Statistically significant improvement after training
confirmed the validity of the scheme (P = 0.035, two-tailed sign
test)

MAR pre-training MAR post-training

1 2 3 4 5 Total

1 Did not obtain Mg O*** 1* 0* 0* 0* 1

2 Obtained but did 0 O*** O*  3* 1 4
not prepare Mg

3 Prepared but did not 0 0 O*** 1* 1* 2
administer Mg

4 Administered Mg but 0 0 0 1*** 5% 6
>6 minutes from start of drill

5 Administered Mg 0 0 Jx% 2x* 3Fxk G
<6 minutes from start of drill

Total 0 1 1 7 10 19

*Higher rank: n = 12.
**Lower rank: n = 3.
***No change: n = 4.

Analysis

This study tested for correlation between the team MARs
and various aspects of individual team members’ KSA as
follows.

For ‘knowledge’, we used the following: (i) the team’s
minimum individual score (the weakest link in the team);
(ii) the team’s maximum individual score (regardless of
profession or seniority); (iii) the senior doctors’ MCQ
scores alone; (iv) the average of all the team members; (v)
the first principal component of the team members’ scores,
a weighted average that ‘best’ represented the individual
staff member’s scores and maximised the variability
between them. As the pairs of junior doctors and junior
midwives were interchangeable, the averages of their pairs
of scores were used in the principal component analysis.
We repeated the analysis for both total and eclampsia-
specific MCQs.

For ‘skills’, we used the team members’ shoulder dystocia
ranking score, based on their ability to deliver a baby with
simulated shoulder dystocia. Again, we tested for correla-
tion between MAR and team average, team maximum and
senior doctor’s skill score.

For ‘attitudes’, we looked at the team average scores in
the six domains (‘teamwork climate’, ‘safety climate’, job
satisfaction’, ‘stress recognition’, ‘perceptions of manage-
ment’, ‘work conditions’) of the validated teamwork/safety
attitudes questionnaire, calculated in accordance with the
instructions of the authors.*’

We were not interested in the effect of training and
report analyses based on the baseline (pre-training) data
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only. To study the relationships between MAR and KSA,
we calculated nonparametric correlations (Kendall’s tauy,)
because of the ordinal nature of MAR (a part qualitative
measure). The Sas software package (SAS v 9.1, 2002-3,
SAS Institute Inc., Cary, NC, USA) was used to obtain
approximate 95% confidence intervals.

Results

Although 24 teams underwent pre-training evaluation, one
simulation was not recorded because of a fault in the
recording equipment and four teams were incomplete (five
members only) because of failure of individual attendance.
To ensure comparability, we report here on the remaining
19 complete teams whose 114 participants had complete
audiovisual, MCQ and shoulder dystocia records. Attitude
questionnaires were complete for all 114 individuals and all
57 questions, apart from eight participants who had not
answered isolated questions; domain scores for these were
the averages of the relevant completed questions.

There was a wide spread of values for all components of
the KSA categories (Table 2). There was no correlation

Table 2. Descriptive data

Mean (SD) Range
Knowledge
Total MCQ score
Team minimum 54 (13) 32-82
Team maximum 111 (9) 96-128
Senior doctor 109 (13) 72-128
Team average 80 (7) 68-93
Team first PC* (unstandardised) 44 (18) 15-92
Eclampsia component of MCQ score
Team minimum 6 (3) -2 10 10
Team maximum 20 (3) 14-24
Senior doctor 19 (3) 14-24
Team average 13 (2) 7-17
Team first PC (unstandardised) 18 (5) 3-24
Manual skills
Team maximum 2.8(1.3) 0-4
Senior doctors 2.2 (1.3) 0-4
Team average 1.1 (0.7) 0-2.2

Teamwork/safety attitude components (team average)

Teamwork climate 72.0 (5.3) 57.6-81.3
Safety climate 68.4 (5.6) 56.5-79.2
Job satisfaction 64.8 (8.6) 50.8-75.6
Stress recognition 70.8 (8.0) 59.4-87.5
Perceptions of management 46.0 (7.5) 33.3-57.3
Work conditions 59.0 (6.4) 46.9-69.8

MCQ, multiple-choice questionnaire; SD, standard deviation.

*PC, the first principal component of the team members’ scores is a
weighted average that ‘best’ represents the individual results and
maximises the variability between them.

Teamwork and KSA

between team leader (senior doctor), team maximum or
team minimum MCQ scores and team MAR (Table 3).
Similarly, there was no correlation between the average of
the team member MCQ scores and team rank (MAR),
regardless of whether a simple or weighted average (first
principal component) was used (Table 3). For eclampsia-
specific MCQ scores, Kendall’s tau;, was consistently nega-
tive, albeit low (<0.3) and statistically nonsignificant
(P > 0.05) (Table 3b).

There was also no correlation between team MAR and
team average, team maximum or senior doctors’ manual
skill scores (Table 4). Finally, there was no correlation
between team average teamwork/safety attitude scores in
any of the six domains and MAR scores (Table 5).

Discussion

This study assessed the ability of a large cohort of multi-
professional teams from across a large health region in
England to manage a simulated complex obstetric emer-
gency. We examined the relationship between team perfor-
mance and measures of KSA for individual clinicians, using
data from pre-training evaluations to represent the prevail-
ing level of knowledge and skills within the region. The
results are compatible with an absence of a relationship
between the KSA of individuals and team performance.

We devised a method for ranking team performance
(MAR) using the ability to administer magnesium sulphate,
an internationally recommended treatment for eclampsia.
This does not incorporate all aspects of care important for
successful outcome, but is a measure of team efficiency.
It has not been validated against true clinical outcomes,
but face, content and construct validity were established,
including an assessment against the performance of other
key actions for eclampsia.

Some might argue that MCQs are a superficial measure
of knowledge. The MCQ questions in this study focused on
the factual knowledge required to manage successfully
emergencies, including eclampsia, and were linked to the
objectives of the training intervention of the SaFE study to
ensure content validity.'® After a pilot study, only items
that were sufficiently discriminatory were retained to estab-
lish construct validity for that study,"’ further supported by
evidence that MCQ scores improved after clinical train-
ing.'® Further to this, one component of the skill assess-
ment tested the ability to apply theoretical knowledge in a
coordinated manner during a simulated emergency (shoul-
der dystocia) that relied solely on the individual rather
than the team. Measuring attitudes is a difficult task. The
attitudes scores in this study were derived from a validated
questionnaire, specifically designed for maternity care,
which has been shown to correlate with patient out-
comes.”” It is suitable for surveys to evaluate views on team
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Table 3. Team knowledge (multiple-choice questionnaire, MCQ) scores and team rank (Magnesium Administration Rank, MAR): no correlation of
MAR with either total (all obstetric emergencies) MCQs (a) or specific (eclampsia-only) MCQs (b)

Team rank (MAR)

1(n=1) 2(n=24) 3(n=2) 4 (n =6) 5(n =6) Kendall's tauy,
[approximate 95% ClI]

(a) Total MCQ score

Team minimum 58* 48 (SD 5) 54 (SD 1) 50 (SD 16) 62 (SD 15) 0.17 [-0.16 to 0.49]
P=0.36

Team maximum™** 116 115 (SD 10) 119 (SD 6) 104 (SD 4) 112 (SD 9) —0.15[-0.53 t0 0.23]
P=0.42

Senior doctor 116 115 (SD 11) 119 (SD 6) 96 (SD 14) 112 (SD 10) —-0.16 [-0.50 to 0.19]
P =0.40

Team average 83 78 (SD 5) 82 (SD 2) 78 (SD 8) 84 (SD 9) 0.12 [-0.24 to 0.48]
P=0.51

Team first PC (unstandardised) 42 34 (SD 12) 37 (SD 1) 50 (SD 24) 47 (SD 21) 0.24 [-0.10 to 0.58]
P=0.19

(b) MCQ eclampsia score

Team minimum 8* 6 (SD 3) 10 (SD 0) 6 (SD 2) 5 (SD 4) —0.26 [-0.58 to 0.07]
P=0.17

Team maximum™** 23 20 (SD 2) 22 (SD 0) 19 (SD 3) 20 (SD 3) —0.15 [-0.52 to 0.21]
P=0.42

Senior doctor 23 20 (SD 2) 21 (SD 2) 17 (SD 3) 19 (SD 3) -0.19 [-0.55 to 0.18]
P=0.32

Team average 15 12 (SD 2) 16 (SD 2) 13 (SD 2) 12 (SD 3) —0.14 [-0.52 to 0.24]
P=0.44

Team first PC (unstandardised) 21 18 (SD 4) 20 (SD 6) 18 (SD 4) 17 (SD 7) —0.03 [-0.37 to 0.32]
P=0.88

PC, principal component analysis.

*Group means are shown together with standard deviations (SD) in parentheses.
**In 15 of 19 cases, the team maximum total score was that of the senior doctor.

and patient safety, and as a quality improvement tool to
identify residual or new challenges in units with established
safety programmes.***

The data showed that there was a wide range of out-
comes for the management of simulated eclampsia; some
teams administered magnesium in a timely manner, but
other teams did not even consider its use. To our surprise,
there was no relationship between team performance in
eclampsia and the measures of KSA that were used in this
study. These are conventional means used to assess individ-
ual doctors and midwives,>*° but clearly, used alone,
these measures can neither predict the effectiveness of clini-
cal teams, nor help to understand the problems of ineffec-
tive teams. It follows that the focusing of postgraduate
training on these conventional domains of learning for
individuals alone might not maximise team performance,
nor optimise the outcome of emergencies that rely on com-
plex rapid multiprofessional working.

A criticism might be that the sample size was not suffi-
cient. However, this study was based on a pragmatic sam-
ple from a very large study of training that will be very

difficult to replicate. Not only were P-values nonsignificant
in our study, but correlation coefficients were also very
low, indicating a true absence of correlation rather than a
lack of power to detect a correlation. This lack of correla-
tion was confirmed by visual inspection of scatter plot
charts of all variables against MAR (DS and LPH).

Reports and enquiries into poor outcome and patient
safety>™! have repeatedly demonstrated that failures in
teamwork are more frequent than failures of individuals.
As a result, training in healthcare has evolved to include
practical team training. Regular practical clinical training
(skills drills) has been associated with improvements in
real-life perinatal outcomes in observational studies,'***~**
but even after training there remains a wide range in team
performance.'>'? The inference of our study is that there is
some other characteristic of clinical teams or team mem-
bers that governs team efficiency, and which is not directly
related to conventional clinical measures of the individual
members.

It is unclear why teams differ in their abilities, and why
teams do not improve equally after training. It seems likely
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Table 4. Tests for correlation between team rank (Magnesium Administration Rank, MAR) and team members’ manual skills (shoulder dystocia
practical management scores): no correlation with team maximum, team average or senior doctor’s scores

Team rank (MAR)

1(n=1) 2(n=24) 3(n=2) 4 (n=6) 5(n =6) Kendall’s tauy,

[approximate 95% ClI]

Team maximum manual skill score

0 (did not deliver) 0 0 0 1 1

1 (delivered. within 4-5 minutes) 0 1 0 0 0 0.21

2 (delivered within 3-4 minutes) 1 0 0 0 1 [-0.18 to 0.60]

3 (delivered within 2-3 minutes) 0 3 1 3 1 P=0.30

4 (delivered within 1-2 minutes) 0 0 1 2 3

Senior doctor’s manual skill score

0 (did not deliver) 0 0 0 2 1

1 (delivered within 4-5 minutes) 1 1 0 0 0 0.16

2 (delivered within 3-4 minutes) 0 1 1 1 2 [-0.23 to 0.54]

3 (delivered within 2-3 minutes) 0 2 1 3 1 P=0.42

4 (delivered within 1-2 minutes) 0 0 0 0 2

Team average of manual skill scores 0.7 1.3 (SD 0.8) 3 (SD 0.9) 1.1 (SD 0.8) 1.1 (SD 0.6) —0.01 [-0.36 to 0.34]

P =094

Table 5. No correlation between team rank (Magnesium Administration Rank, MAR) and team average teamwork/safety attitudes scores in any

of the six domains of the validated questionnaire

Team average (team attitudes
questionnaire domains)

Team rank (MAR)

1(n=1) 2(n=4) 3(n=2) 4 (n=6) 5 (n = 6) Kendall's tauy,
[approximate 95% ClI]
Teamwork climate** 77.1* 69.7 (SD 8.2) 75.0 (SD 2.0) 72.6 (SD 4.2) 71.3(SD 5.2) -0.26 [-0.66 t0 0.14]
P=0.15
Safety climate** 75.0 64.5 (SD 6.7) 69.0 (SD 0.8) 72.0 (SD 5.3) 66.1 (SD 3.7) —0.12 [-0.50 to 0.26]
P=0.51
Job satisfaction** 75.6 60.1 (SD 9.6) 67.1 (SD 4.1) 69.9 (SD 5.1) 60.3 (SD 9.0) —0.18 [-0.60 to 0.25]
P=0.34
Stress recognition*** 63.5 75.5 (SD 11.7) 63.5 (SD 5.9) 67.7 (SD 6.6) 74.5 (SD 4.8) 0.19 [-0.18, 0.57]
P=0.29
Perceptions of management** 52.1 42.7 (SD 10.2) 50.5 (SD 3.7) 49.0 (SD 5.8) 42.7 (SD 7.3) -0.18 [-0.54 to 0.19]
P=0.34
Work conditions*** 65.6 55.5 (SD 8.3) 59.9 (SD 5.2) 62.8 (SD 5.7) 56.3 (SD 4.7) —0.13 [-0.51 to 0.25]
P =0.46

*Group means are shown together with standard deviations (SD) in parentheses.
**\We calculated the component team attitude questionnaire scores as the average of the relevant questions that were not missing.
***For stress recognition and work conditions, there were no missing values.

that there are other characteristics of individuals, perhaps
involving attributes such as composure, confidence and
communication. One systematic review of team perfor-
mance concluded that the ability to retrieve and use knowl-
edge and skills is impaired during acute events.’® It might
be that variation in team performance is influenced by the

different abilities of team members to deal with the effects
of anxiety. Further insight into how the behavioural char-
acteristics of individuals influence the way teams work dur-
ing acute events might provide a means of coaching
individual clinicians and/or clinical teams to become more
effective. By further studying clinical teams in simulation
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and real life, we can hope to develop specific tools for
assessment and training, rather than use methods that were
developed for airplane pilots.'**¢

Conclusions

The data obtained in this study show that team efficiency
amounts to more than the conventional clinical characteris-
tics of individual team members. It is often said that a
team is more than the sum of its parts, but, in truth, it
seems likely that we simply do not yet know how to mea-
sure the full contribution of individual clinicians. There is
an important need to understand these individual factors
and how they make a team more efficient in dealing with
emergencies. This improved understanding could inform
the development of specific evidence-based methods for the
analysis and improvement of teamwork in maternity care
and other clinical specialities.
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