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In 2004, the Examinations Committee of the

Royal College of Anaesthetists decided to pilot

the use of a commercially available full-body

interactive patient simulator as an Objective

Structured Clinical Examination (OSCE) as-

sessment station within the Primary Fellowship

of the Royal College of Anaesthetists (FRCA)

examination.

This article examines the results of that

pilot and the subsequent formal inclusion of

simulator-based assessment into the FRCA and

wider medical curriculum.

Background

Artificial patient simulators have been used for

medical teaching in the UK since the 1990s.

However, it was not until the publication of the

Chief Medical Officer’s 2008 annual report

Safer Medical Practice: Machines, Manikins

and Polo Mints that this mode of teaching

gained broad national support and widespread

popularity.1 It is now generally accepted that

simulated patients allow teaching sessions on

specific clinical conditions to be more readily

scheduled within a teaching programme.

Scenarios may be stopped, discussed, re-started,

and re-run at will. Rare events can be experi-

enced, and lessons learned in an environment

that is safer both for patients and for trainees.

Facilitated discussion or feedback consolidates

the learning experience and careful combin-

ation of this with formative assessment exer-

cises allows trainees insight into their

performance, both as individuals and as

members of a wider team, helping to target

future learning. It is at this point that opinions

start to diverge. Despite recommendations

included in the Chief Medical Officer’s 2008

report, there remains a general uneasiness, even

amongst simulation enthusiasts, to accept the

use of simulators as a medium for examining

competence. High stakes summative assess-

ments performed on simulators are designed to

judge clinical performance involving a range of

integrated knowledge and skills. Is a simulated

patient capable of delivering an accurate

reflection of how a candidate would respond

when faced with the real clinical situation?

Drivers promoting the use of
simulators within the FRCA
examination

Real patient clinical cases made their last ap-

pearance in the final component of the FRCA

examinations in 1994. Although the inclusion

of real patients in the examination paralleled

some challenges faced by anaesthetists during

their preoperative ward visits, it was never

ethical or possible to extend testing to include

the more practical aspects of real patient man-

agement in the operating theatre. Assembling a

cohort of willing and appropriate patients for

the exam week was a daunting task, made more

difficult by the uncertainty about how patients

might actually respond to direct questioning or

examination by a candidate. Reliability of the

clinical case component of the examination

could easily be adversely affected by inter-

patient variability between days and sittings.

Some might argue that real life is similarly un-

predictable, but this does not assist in the cre-

ation of a level playing field for candidate

assessment. As a possible alternative, an OSCE

was devised using a series of test stations to

replace the ‘clinical’ in the final FRCA.

Subsequently, the OSCE was moved to the

Primary FRCA where it has remained ever

since. In addition to providing consistency and

reproducible examination conditions for candi-

dates, its power as an examination modality lies

in a perceived ability to test the integration of

knowledge and skills with elements of actual

practice—‘show how’ as well as ‘know how’.

Miller2 describes this aspect as part of a

pyramid framework of competence.

After the successful introduction of the

OSCE, in 2004, the Examinations Committee

decided to increase the number of test stations

used, in order to increase the reliability of this

component of the examination. As an intended

substitute for the old ‘clinical case’, the exist-

ing OSCE already incorporated a variety of

simulation techniques, including the use of

Key points

Simulation-based assessments can

be safely introduced into high

stakes examinations if first

evaluated for validity and reliability

in parallel with established

benchmarks of performance.

Test scenarios should be designed

and structured to allow every

candidate potential access to all the

marks available on the station.

Carefully formulated checklist

marking schemes applied during

simulated critical incidents have

been shown to effectively

document and measure both

technical and behavioural aspects of

performance.

The criteria chosen to mark

performance in a simulated critical

incident are not intended to be

all-inclusive but should be items

that have been shown to

differentiate best between strong

and weak candidates.

Rater scoring variability may be

minimized by specific examiner

training, both in the management of

the human patient simulator and in

the implementation of the chosen

scoring system.
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actors to play the part of patients in a history-taking scenario and

mock-ups of clinical situations. A decision was made to extend the

use of simulation by piloting the inclusion of a commercially avail-

able programmable manikin (Laerdal SimManw)3 in a newly

devised interactive OSCE station aimed primarily at assessing a

candidate’s ability to recognize and subsequently manage an an-

aesthetic critical incident. Although this was a new concept in UK

high stakes examinations, precedents existed elsewhere. Byrne and

Greaves4 had conducted a review of assessment instruments used

during anaesthetic simulation between 1980 and 2000, but had

concluded that the lack of evidence supporting validity and reli-

ability meant that ‘introduction of simulator-based tests for certifi-

cation or re-certification of anaesthetists would be premature’ at

that stage. Subsequent to that review, objective measurement of

technical performance using a simulator-based methodology had

been shown to successfully document and mirror improvement of

technical performance of novice UK anaesthetists in their first 3

months of supernumerary training, and demonstrated an ability to

objectively differentiate novice from experienced performance

using an observational scoring checklist designed by expert con-

sensus.5 6 Development of an Anaesthetists’ Non-Technical Skills

(ANTS) scoring framework in 2003 complemented these findings,

providing evidence that key behavioural markers could also be reli-

ably assessed during simulator scenarios.7

The simulated patient OSCE station

A variety of short test scenarios were written for the new simula-

tion OSCE station based around incidents taken from the published

anaesthetic core curriculum.8 Conditions were selected that would

allow candidates to:

† demonstrate an ability to assimilate clinical information from

a variety of sources,

† recognize and evaluate the significance of ongoing but stan-

dardized changes in the condition of a patient,

† formulate an appropriate differential diagnosis,

† evolve and demonstrably apply a logical and safe manage-

ment plan.

Figure 1 describes an example test scenario based around an

elderly male patient undergoing a hemiarthroplasty. In this particu-

lar case, a cement reaction might be viewed as the most likely

cause of a sudden loss of cardiac output, and credit would be

given for appropriate clinical management. However, candidates

might also receive marks for recognizing the presence and signifi-

cance of changes in the monitored parameters; inclusion of circuit

disconnection, myocardial infarction, pulmonary embolus, and

depth of anaesthesia in a differential diagnosis; exclusion of poten-

tial causes; and communication of the problem and management

plan to senior help and other members of the team. Thus, the em-

phasis lies more on patient stabilization rather than making a spe-

cific diagnosis.

It is important that all candidates are exposed to an equal op-

portunity to gain the marks that are available on the station. In this

sense, the design of simulation-based exam scenarios differs some-

what from the model used to design teaching scenarios. When

teaching, an instructor may allow a scenario to develop in a

branching pattern towards a number of differing clinical outcomes

depending upon the interactions made by the trainee. Alternative

outcomes not encountered during the simulation can be discussed

later as part of a feedback session, perhaps even allowing the scen-

ario to be re-run to demonstrate the effect of different management

strategies. Exam scenarios tend to follow a more linear pathway, so

that test items may be presented in turn to every candidate. This

does not mean that changes will not occur in the condition of the

patient, rather that these changes will occur regardless of whether

the candidate has intervened or not (Fig. 2).

Assessing candidate performance

Having selected an element from the curriculum to be tested and

having chosen a scenario to act as a vehicle, it is then necessary to

define the metrics used to mark the station. A checklist approach is

Fig 1 Example of an OSCE simulation station test scenario outline.
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used in the OSCE with a maximum of 20 marks available on each

station. Elements of the checklist may be related to recognition or

interpretation of information that can be gleaned from the simu-

lated patient and monitors, correct prioritization of actions, adher-

ence to published management guidelines, or may simply be direct

questions. There is no ‘negative marking’ of answers or actions

that are wrong, but the opportunity to gain marks by indiscrimin-

ately listing numerous potential answers in the hope that one may

randomly be right is limited by phrasing questions so that candi-

dates may only suggest the best or a small number of most likely

options. Candidates are expected to back their assertion that they

would ‘adopt an ABC approach’ with actions that clearly demon-

strate this. In real life, situational awareness frequently dictates

timing of responses, so candidates may not score for an interven-

tion that does not occur within a defined timeframe as the scenario

unfolds. The order of responses or actions is often important, as

the possible diagnoses are sometimes made more apparent by later

developments or questions from the examiner. Candidates are not

allowed to ‘go back’ and change earlier responses with the benefit

of later knowledge. It is important to remember that the overall

purpose of a test station is to correctly differentiate between the

performance of strong and weak candidates. For this reason,

certain basic but essential actions may not actually appear in the

scoring matrix if they are found always to be performed by the

entire cohort.

Incorporation of the simulated patient
station into the OSCE matrix

Initially, the newly designed simulation station was introduced to

the 2004 OSCEs as a supernumerary station and was evaluated

against existing OSCE stations. Marks were still collected, but

neither the candidates nor the examiners assigned to the station

were aware as to whether it was contributing as a scoring station in

that particular examination. This mechanism allowed adjustments

to be made to new questions and to the format of the new station

in an entirely realistic exam environment without disadvantage to

any candidates before ‘going live’. Later, in 2006, a second

simulator-based station (interactive resuscitation) was introduced,

which included appropriate application of the UK Resuscitation

Council guidelines in the scenario as well as overall management.

Evolution of a new question

1. A paper version of a question is prepared and peer-reviewed

2. Scenario software is scripted to strictly control the changes within a 5 min slot

3. The question is field-tested at the next examiners training course

4. The question is submitted for pass-mark setting by modified Angoff process

5. The question is run as a non-scoring station in a real examination (1–3 sittings)

6. Review: the question either goes live, is abandoned, or is further adjusted and

re-tested

Validation and standard setting for the
simulation station

From May 2004, candidates’ cohort performance data from the

simulation station were collected in parallel and reviewed against

performance on existing scoring stations (Fig. 3). Further analysis

of the score profile obtained from the new simulation station

appeared to demonstrate closest agreement to scores obtained in

the resuscitation, X-ray, and measurement stations. The greatest

difference in station scores was apparent when compared with

scores obtained on the history and communication stations, sug-

gesting perhaps that the simulation stations, as devised then, were

providing assessment of data interpretation and implementation of

protocols rather than interpersonal skills. Did the examiners

assigned to the station agree with the outcomes of the scoring

system? During the trial period, examiners were also asked to give

a subjective opinion of each candidate’s overall performance on

the simulation station using one of three terms ‘pass’, ‘borderline’,

or ‘fail’. These subjective ratings were later compared with candi-

date outcomes based on the objective scoring matrix (Table 1).

Variability was assessed by the Pearson product moment correla-

tion calculated from OSCE simulation station score and subjective

examiner rating for each candidate. Correlation was high (r¼0.85,

P,0.001),9 10 suggesting that the objective rating achieved by

Fig 2 Teaching scenarios are often designed incorporating a branching plan that may encompass multiple outcomes. However this design is less likely to
provide a standardized examination test for all candidates. An exam scenario generally includes opportunities for interventions in series rather than in
parallel.

High stakes simulation in anaesthesia

270 Continuing Education in Anaesthesia, Critical Care & Pain j Volume 12 Number 5 2012

Downloaded from https://academic.oup.com/bjaed/article-abstract/12/5/268/289341
by guest
on 13 November 2017



candidates using the checklist system on the simulation station

closely matched the overall subjective opinion of the examiner.

Comparisons were also made between scores achieved by

candidates on the simulation station and their performance in

other components of the Primary FRCA examination. A statis-

tically significant correlation was found to exist between simula-

tion station score and overall OSCE result (P¼0.01). In this

component of the examination, a single station contributes a po-

tential 20 marks to the total 320 marks available in the OSCE.

Correlation with overall Primary FRCA outcome was weak and

statistically insignificant (P¼0.14). An overall ‘pass’ in the

entire FRCA examination is dependent upon satisfactory per-

formance in the multiple choice question paper, OSCE, and two

separate structured oral examinations (SOEs). The influence of

the simulation station alone is limited to 20 data points out of a

possible 818 in the entire examination. Further analysis revealed

no statistically significant correlation between a candidate’s per-

formance on the simulation station and performance in either of

the two SOEs that specifically test the application of basic

science knowledge; however, correlation was higher with SOE2,

which includes discussion of theoretical management of a clin-

ical case.

Establishing that a test station is able to contribute to the

process of differentiating those that perform well or poorly overall

in the examination is essential, but it is also necessary to define

standards or thresholds for passing successful candidates.

Historically, these have been both norm-based and criterion-based

in many postgraduate examinations. However, the uncoupling of

different components of the Primary FRCA examination allowing

candidates to accumulate overall passes over time means that a

norm-based approach is not appropriate to the FRCA where the

standard of a cohort may vary considerably at different sittings.

Therefore, the actual passmark in the OSCE examination is set as

an aggregate of individual passmarks for each OSCE question used

in that particular examination. These individual question passmarks

are each established by a modified Angoff technique to moderate

for the level of difficulty. Experienced examiners are asked inde-

pendently to estimate a mean score that a minimally competent or

borderline trainee might achieve on the specified question, and the

average of these scores is then accepted as that question’s pass-

mark contribution to the overall OSCE passmark.

Potential error, reliability, and internal
consistency

‘In the clinical examination there are three variables—the

student, the examiner, and the patient. The aim should be to

Fig 3 OSCE simulation station candidate score profile (blue) compared with scores from existing live stations (red).

Table 1 Simulation station scores demonstrated high correlation with examiners’

subjective rating of each candidate and statistically significant correlation with the

overall OSCE score. No correlation was shown with scores obtained in the basic

science SOE1 examination. *Pearson’s product moment correlation coefficient. †SOE

‘Viva’ 1, pharmacology and physiology. ‡SOE ‘Viva’ 2, clinical case and physics

Non-scoring trial comparison 2004 Correlation value (r)* P-value

Simulation station score vs examiner subjective rating 0.852 ,0.001

Simulation station score vs overall OSCE result 0.133 0.01

Simulation station score vs SOE1† result 20.026 0.33

Simulation station score vs SOE2‡ result 0.049 0.21

Simulation station score vs overall Primary FRCA result 0.065 0.14
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standardize the examiner and the patient so that the student’s

performance can be seen as a measure of his/her clinical com-

petence.’ (Collins & Harden)11

In the context of a simulator-based assessment, the interaction

between the examiner and the simulator is of vital importance if

the patient presented to the trainee is to be perfectly standardized

for every candidate. Similarly, an examiner’s interpretation of

responses and interactions made by a candidate may theoretically

affect the score recorded for the station.12 Examiner-based error in

the FRCA was minimized by the creation of a 2 day examiner

training course. This, in addition to the introductory examiner

training, served the dual purpose of orientating new examiners to

the hardware and concept of the simulation stations while allowing

them to calibrate their assessment and scoring skills appropriately.

Re-evaluation of the scores obtained from the simulation and inter-

active resuscitation stations in a 2010 sample examination sitting

confirmed closer correlation with overall OSCE and Primary

FRCA outcomes (Table 2). Internal consistency or reliability of

candidate scores and outcome obtained in the OSCE was assessed

by the calculation of Cronbach’s a.6 13 The OSCE examination

itself was found to achieve a-value of 0.762. Generally, a value

.0.6 and ,0.9 indicates acceptable internal consistency. The

value of a can be expected to increase with the number of effect-

ive test stations included, so removal of the data from the simula-

tion or interactive resuscitation stations gives an indication of each

station’s contribution to the overall reliability of the examination.

Removal of the simulation station scores reduced a-value to 0.749;

independent removal of the interactive resuscitation station scores

reduced a to 0.743, indicating that both stations contribute to the

reliability of the OSCE examination.

Conclusions

Simulator-based assessments have been successfully introduced

into the Primary FRCA examination over a 6 yr period. The Royal

College of Anaesthetists occupies a unique position where it has

been able to evaluate the use of simulators against an established

gold standard for candidate assessment without potential disadvan-

tage to candidates during the appraisal period. At the time of intro-

duction, face validity was cross-checked against subjective

examiner opinion. However, in contrast to the Israeli National

Board, the College has adopted a marking system that does not

include an examiner’s global holistic rating of a candidate’s per-

formance, and a trainee cannot fail the examination overall purely

on the basis of a single simulator assessment.14 Content validity

was reinforced by mapping of test items to the published FRCA

curriculum. Construct and criterion validity were carefully consid-

ered by comparison with existing and accepted assessment instru-

ments used within the FRCA examination. Subsequent tests of

internal consistency have confirmed the reliability of this examin-

ation tool. So should simulator-based assessments be rolled-out on

a wider scale? Increasingly, there is evidence that simulation scen-

arios are being included at a local and regional level in selection

processes for specialty doctors. Here, the emphasis lies in the

ranking of candidates rather than the establishment of a threshold

performance for pass/fail purposes. However, the smaller number

of test data points included in appointment procedures affects reli-

ability and increases the risk of types 1 and 2 errors. It is therefore

especially important that the scenarios and assessment methods

chosen are thoroughly tested in advance and shown to be reprodu-

cible and appropriate to the intended context. Careful orientation

of the station assessors should help to achieve this. Nationally, the

General Medical Council (GMC) has shown interest in the use of

RCoA scenarios for fitness to practise assessments involving

doctors in difficulty. However, extrapolation of data obtained from

FRCA candidates to this context is not without difficulty too.

Trainees are expected to be able to operate in a wide range of clin-

ical environments. Further specialization frequently involves a nar-

rowing of breadth of practice in favour of depth of experience in

specific sub-specialty areas. Suitable denominator data, while not

impossible, become difficult to obtain to support conclusions

drawn from simulator-based assessments of established specialists’

practice. That said, if suitable safeguards are put in place to

acquire relevant data and to compensate for these potential issues,

we can probably expect to see simulators play an ever-increasing

role not only in education and trainee assessment, but also in the

revalidation processes for anaesthetists in the UK.
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