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Summary 

 

 
The traditional Halstedian of apprenticeship training in surgery has undergone 
significant revolution in recent decades 1. Evolving patient expectations regarding the 
role of surgical trainees in their care2, an increased emphasis on theatre efficiency 3, 
and well explored concerns regarding perceived operative competence and 
confidence of graduating trainees 4-6, has led to a re-evaluation of the training 
paradigm. ‘Competency-based’ approaches to outcome-driven training and 
assessment are well established across training jurisdictions7 8, leading to the 
development of nominally time-independent postgraduate surgical programs 9. The 
surgical specialties pose a unique challenge in this regard, due to the requirement 
for robust and reliable methods of teaching and assessing competence in operative 
skill 10. Determinations of competence, in the context of the surgical training 
programme of Ireland and the United Kingdom, are made at Annual Review of 
Competence Progression (ARCP) meetings and are informed by performance in 
workplace-based assessments (WBAs), operative numbers (as recorded by trainees 
in an electronic logbook), and educational supervisor reports.  From August of 2021, 
surgical training in this jurisdiction has moved to an explicitly outcome-based 
curriculum11. Trainees are measured against high level outcomes - ‘Capabilities in 
Practice’ and ‘Generic Professional Capabilities’. This training programme is 
nominally time-independent11. In order to transition to a truly competency-based 

paradigm, operative skill will need to be assessed and certified through an objective, 
standardised, and valid approach.  
 
The role of simulation in surgery has evolved in tandem with competency-based 
education12.  Simulation is commonplace in surgical training curricula 13, and is 
increasingly being deployed as a method of assessing a trainee’s competence 14 15. 
Studies have demonstrated the safe transfer of simulator-acquired operative skill to 
the operating theatre 16. Whether simulation-training ultimately translates to 
improved patient safety and surgical outcome measures has not yet been firmly 
established 17. Simulation has most notably been used in high-stake assessments 
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through the implementation of the Colorectal Objective Structured Assessment of 
Technical Skill by the American Board of Colon and Rectal Surgery14 18. Such 
assessments have not been used for higher specialist training in the UK and Ireland 
to date. Beyond end-of-training certification, simulation (or other technical 
performance assessments) could be used as a measure of skill or competence at a 
number of key checkpoints or high-stakes scenarios in surgery, namely: trainee 
selection, progression through training, and autonomy granting.  
 
This thesis will seek to explore the use of high-stakes technical performance 
assessments of operative skill and competence in surgical training. The validity, 

acceptability and reliability of technical performance assessments will be explored, 
using both quantitative and qualitative methods, at three key time points: trainee 
selection, in-training progression, and competence certification in senior training. For 
the purpose of this thesis, ‘performance assessments’ are defined as assessments 
that take place outside of the workplace context, in comparison to ‘workplace-based 
assessments’. The validity of psychomotor assessments of fundamental technical 
aptitude will be examined at entry to Core Surgical Training. The validity of 
simulation-based assessment will be assessed during Core Surgical Training. 
Finally, we will seek to develop and validate a simulation-based assessment 
curriculum suitable for the assessment of operative competence in senior Higher 
Specialist trainees in General Surgery.  
 
Findings from this work will be used to inform a blueprint, or proposed framework, 
regarding the use of technical performance assessments in high stakes scenarios 
surgical training, from trainee selection to certification as an independent practitioner.  
 
 
 
 
 

 
 



 21 

Publications and Presentations 

 

Publications:  
 
Toale C, Morris M, Kavanagh D. Perceptions and experiences of simulation-based 
assessment of technical skill in surgery: A scoping review. Am J Surg. 2021 
Oct;222(4):723-730. doi: 10.1016/j.amjsurg.2021.03.035. Epub 2021 Apr 6. PMID: 
33849711. 
 
Toale C, Nally DM, Ryan DM, Morris M, Kavanagh DO. How do Trainers and 
Trainees use Formative Workplace-based Assessments of Operative Competence to 
Deliver and Receive Structured Feedback? J Surg Educ. 2022 Mar-Apr;79(2):485-
491. doi: 10.1016/j.jsurg.2021.08.023. Epub 2021 Sep 28. PMID: 34593328. 
 
Toale C, Morris M, Kavanagh DO. Training to proficiency in surgery using simulation: 
is there a moral obligation? J Med Ethics. 2022 Jan 6:medethics-2021-107678. doi: 
10.1136/medethics-2021-107678. Epub ahead of print. PMID: 34992083. 
 
Toale C, Morris M, Kavanagh DO. Assessing Operative Skill in the Competency-
based Education Era: Lessons From the UK and Ireland. Ann Surg. 2022 Apr 
1;275(4):e615-e625. doi: 10.1097/SLA.0000000000005242. PMID: 35129531. 
 

Toale C, Morris M, Ryan DM, Boland F, Doherty EM, Traynor OJ, Kavanagh DO. 
Baseline Assessments of Psychomotor Aptitude are Associated with the Future 
Operative Performance of Surgical Trainees A Prospective Observational Cohort 
Study. Ann Surg. 2022 Jul 15. doi: 10.1097/SLA.0000000000005565. Epub ahead of 
print. PMID: 35837886. 
 
Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative experience targets 
in surgical training: A systematic review. Surgery. 2022 Nov;172(5):1364-1372. doi: 
10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 36038374. 
 



 22 

Toale C, Morris M, Kavanagh DO. Training and assessment using the LapSim 
laparoscopic simulator: a scoping review of validity evidence. Surg Endosc. 2022 
Sep 19. doi: 10.1007/s00464-022-09593-0. Epub ahead of print. PMID: 36123545. 
 
Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based assessment of 
operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 
 
Toale C, Morris M, Kavanagh DO. Comment on: The impact of virtual-reality 
simulation training on operative performance in laparoscopic cholecystectomy: meta-

analysis of randomized clinical trials. BJS Open. 2022 Nov 2;6(6):zrac134. doi: 
10.1093/bjsopen/zrac134. PMID: 36412113. 
 
Toale C, O’Byrne A, Morris M, Kavanagh DO. Characterizing individual trainee 
learning curves in surgical training: Challenges and opportunities. Surgeon. 2022. 
doi: 10.1016/j.surge.2022.11.003 
 
Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based assessment of 
operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 
 
Toale C, Morris M, O'Keeffe D, Boland F, Ryan DM, Nally DM, Kavanagh DO. 
Assessing operative competence in core surgical training: A reliability analysis. Am J 
Surg. 2023 Jun 30:S0002-9610(23)00273-8. doi: 10.1016/j.amjsurg.2023.06.020. 
Epub ahead of print. PMID: 37481408. 
 
Toale, C., Morris, M. & Kavanagh, D.O. Why do residents fail simulation-based 
assessments of operative competence? A qualitative analysis. Global Surg Educ 2, 
83 (2023). https://doi.org/10.1007/s44186-023-00161-1 
 

Toale C, Morris M, Konge L, Nayahangan LJ, Roche A, Heskin L, Kavanagh DO. 
Generating a prioritised list of operative procedures for simulation-based assessment 



 23 

of General Surgery Trainees through consensus (Accepted for publication, Annals of 
Surgery) 
 
Presentations:  
 
Development and Validation of a Novel Simulation-Based Assessment of 
Competence for Higher Specialist Trainees in General Surgery. Toale C, Morris M, 
Roche A, Voborsky M, Traynor OJ, Kavanagh DO 

- Oral Presentation, Association of Surgeons of Great Britain and Ireland 
International Surgical Conference, Harrogate, United Kingdom, 19/05/23 

 
Why do residents fail simulation-based assessments of operative competence? 
Toale C, Morris M, Kavanagh DO 

- Oral presentation, Association for Surgical Education annual meeting, San 
Diego USA, 10/04/23 

 
Applicant Factors Associated with Success in Surgical Training: Do Psychomotor 
Assessments Have A Role? Toale C, Morris M, Ryan D, Doherty E, Boland F, 
Traynor O, Kavanagh DO 

- Plenary presentation, Sir Peter Freyer Surgical Symposium, 02/09/22 
- Oral presentation, Association of Surgeons of Great Britain and Ireland, 

Liverpool 03/05/22 
 
Generating A Prioritised List of Operative Procedures for Simulation-Based 
Assessment Using A Modified Copenhagen Needs Assessment Framework Toale C, 
Morris M, Roche A, Heskin L, Kavanagh DO 

- Oral presentation, Sir Peter Freyer Surgical Symposium, 02/09/22 
 
Constructing an Initial Validity Argument for a Novel Simulation-Based Assessment 
of Operative Competence in Higher Specialist General Surgery Training Toale C, 

Morris M, Kavanagh DO 



 24 

- Presented at the University Hospital Waterford Virtual Research Meeting, 
28/01/22 
 

Defining operative experience targets in surgical training: A systematic review Toale 
C, O'Byrne A, Morris M, Kavanagh DO. 

- Presented at the Sir Peter Freyer Symposium, National University of Ireland, 
Galway, 06/09/21 (Virtual). Winner, session prize. 

 
Exploring The Reliability Of Workplace-Based Operative Competency Assessments 
In Surgical Training Using Generalisability Theory C Toale, DM Nally, DM Ryan, D 

O’Keeffe, D Kavanagh 
- Presented at the Sir Peter Freyer Symposium, National University of Ireland, 

Galway, 06/09/21 (Virtual) 
- Presented at the Association of Surgeons of Great Britain and Ireland, 

Liverpool 03/05/22 
 
A Novel Simulation-Based Assessment of Operative Competence in General 
Surgery Higher Specialist Training: A Mixed-Methods Study  

- Presented at the Sir Peter Freyer Symposium, National University of Ireland, 
Galway, 04/09/23 

 
 
 
 
 
 
 
 
 
 

 
 



 25 

List of published scientific papers for consideration in this thesis 

 

Papers meeting the requirements of PhD by publication 
 
1. Toale C, Morris M, Kavanagh D. Perceptions and experiences of simulation-based 
assessment of technical skill in surgery: A scoping review. Am J Surg. 2021 
Oct;222(4):723-730. doi: 10.1016/j.amjsurg.2021.03.035. Epub 2021 Apr 6. PMID: 
33849711. 

- Authorship status: First  
- Article Type: Review (Systematic, Scoping) 
- Journal: American Journal of Surgery. Q1 (Surgery, Medicine 

[miscellaneous]). Impact Factor 3.125 (2021) 
 
2. Toale C, Nally DM, Ryan DM, Morris M, Kavanagh DO. How do Trainers and 
Trainees use Formative Workplace-based Assessments of Operative Competence to 
Deliver and Receive Structured Feedback? J Surg Educ. 2022 Mar-Apr;79(2):485-
491. doi: 10.1016/j.jsurg.2021.08.023. Epub 2021 Sep 28. PMID: 34593328. 

- Authorship: First  
- Article Type: Original Research 
- Journal: Journal of Surgical Education, Q1 (Surgery, Education). Impact factor 

3.524 (2021) 
 

3. Toale C, Morris M, Kavanagh DO. Assessing Operative Skill in the Competency-
based Education Era: Lessons From the UK and Ireland. Ann Surg. 2022 Apr 
1;275(4):e615-e625. doi: 10.1097/SLA.0000000000005242. PMID: 35129531. 

- Authorship status: First  
- Article Type: Review (Systematic, Scoping) 
- Journal: Annals of Surgery, Q1 (Surgery). Impact Factor 13.79 (2021) 

 
4. Toale C, Morris M, Ryan DM, Boland F, Doherty EM, Traynor OJ, Kavanagh DO. 
Baseline Assessments of Psychomotor Aptitude are Associated with the Future 
Operative Performance of Surgical Trainees A Prospective Observational Cohort 



 26 

Study. Ann Surg. 2022 Jul 15. doi: 10.1097/SLA.0000000000005565. Epub ahead of 
print. PMID: 35837886. 

- Authorship status: First  
- Article Type: Original Research  
- Journal: Annals of Surgery. Q1 (Surgery). Impact Factor 13.79 (2021) 

 
5. Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative experience 
targets in surgical training: A systematic review. Surgery. 2022 Nov;172(5):1364-
1372. doi: 10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 36038374. 

- Authorship status: First 

- Article Type: Review (Systematic) 
- Journal: Surgery. Q1 (Surgery). Impact factor 4.348 (2021) 

 
6. Toale C, Morris M, Kavanagh DO. Training and assessment using the LapSim 
laparoscopic simulator: a scoping review of validity evidence. Surg Endosc. 2022 
Sep 19. doi: 10.1007/s00464-022-09593-0. Epub ahead of print. PMID: 36123545. 

- Authorship: First  
- Article Type: Review (Systematic) 
- Journal: Surgical Endoscopy and other Interventional Techniques. Q1 

(Surgery). Impact Factor 3.453 
 
7.  Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based assessment 
of operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 

- Authorship: First.  
- Article Type: Original Research  
- Journal: Medical Teacher. Q1 (Education, Medicine [miscellaneous]). Impact 

Factor 4.277 
 
8. Toale C, Morris M, O'Keeffe D, Boland F, Ryan DM, Nally DM, Kavanagh DO. 

Assessing operative competence in core surgical training: A reliability analysis. Am J 



 27 

Surg. 2023 Jun 30:S0002-9610(23)00273-8. doi: 10.1016/j.amjsurg.2023.06.020. 
Epub ahead of print. PMID: 37481408. 

- Authorship: First 
- Article Type: Original Research  
- Journal: American Journal of Surgery. Q1 (Surgery). Impact Factor: 2.7 

 
9. Toale C, Morris M, Konge L, Nayahangan LJ, Roche A, Heskin L, Kavanagh DO. 
Generating a prioritised list of operative procedures for simulation-based assessment 
of General Surgery Trainees through consensus 

- Authorship: First  

- Article Type: Original Research  
- Journal: Accepted for publication, Annals of Surgery. Q1 (surgery). Impact 

Factor 13.79 (2021) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 28 

Related published scientific papers  

 

1. Toale C, Morris M, Kavanagh DO. Training to proficiency in surgery using 
simulation: is there a moral obligation? J Med Ethics. 2022 Jan 6:medethics-2021-
107678. doi: 10.1136/medethics-2021-107678. Epub ahead of print. PMID: 
34992083. 

- Authorship: First  
- Article type: Opinion/ Editorial  
- Journal: Journal of Medical Ethics, Q1 (Arts and Humanities [miscellaneous], 

Health Policy, Health [social science], Issues, Ethics and Legal Aspects. 
Impact Factor:  5.926 (2021) 

 
2. Toale C, Morris M, Kavanagh DO. Comment on: The impact of virtual-reality 
simulation training on operative performance in laparoscopic cholecystectomy: meta-
analysis of randomized clinical trials. BJS Open. 2022 Nov 2;6(6):zrac134. doi: 
10.1093/bjsopen/zrac134. PMID: 36412113. 

- Authorship: First  
- Article Type: Correspondence 
- Journal: British Journal of Surgery Open. Q1 (Surgery, Medicine 

[miscellaneous]). Impact Factor: 3.875.  
 
3. Toale C, O’Byrne A, Morris M, Kavanagh DO. Characterizing individual trainee 

learning curves in surgical training: Challenges and opportunities. Surgeon. 2022. 
doi: 10.1016/j.surge.2022.11.003 

- Authorship: First  
- Article type: Editorial 
- Journal: The Surgeon. Q2 (Surgery). Impact Factor 2.632 

 

4. Toale C, Morris M, Kavanagh DO. Why do residents fail simulation-based 
assessments of operative competence? A qualitative analysis. Global Surg Educ 2, 
83 (2023). https://doi.org/10.1007/s44186-023-00161-1 

- Authorship: First  



 29 

- Article Type: Original Research  
- Journal: Global Surgical Education – Journal of the Association for Surgical 

Education. Impact factor – not listed.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 30 

Related unpublished supporting scientific papers  

 

1. Toale C, Morris M, Gross S, O’Keeffe D, Ryan DM, Boland F, Doherty E, Traynor 
OJ, Kavanagh DO. Performance at National Selection and Future Performance in 
Surgical Training 

- Authorship: First 
- Article Type: Original Research 
- Status: Under Review, JAMA Surgery 

 
2. Toale C, Morris M, Roche A, Voborsky M, Traynor O, Kavanagh DO. 
Development and Validation of a Simulation-Based Assessment of Operative 
Competence for Higher Specialist Trainees in General Surgery.  

- Authorship: First  
- Article Type: Original Research  
- Status: Under review, British Journal of Surgery  

 
3. Toale C, Morris M, Julius B, Strawbridge J, Kavanagh DO. Using simulation to 
assess operative competence: a qualitative case study of a novel simulation-based 
assessment 

- Authorship: First  
- Article Type: Original Research  
- Status: Final Draft  

 
 
 
 
 
 
 
 
 



 31 

Chapter 1. Introduction: The current status of high-stakes technical 
performance assessments in surgical training  

 
 
Chapter overview 

 
This chapter outlines the current status of simulation as a high-stakes assessment 
modality in surgical training, introducing the current research in this area. This 
chapter takes the form of a review article. Mr. Toale is the first author of this work he 
conducted the literature search, synthesised the findings, and drafted the initial 
manuscript.  
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Abstract  
 

Purpose 
Simulation as a surgical training modality is well established, though its use as in 
assessment is less well explored. In particular, the use of simulation-based 
assessment (SBA) in high stakes assessment such as recruitment, entrustment, and 
certification, is employed to varying degrees across jurisdictions. The aim of this 
review is to collate and critique  the published evidence regarding the utility of SBA in 
high stakes assessments of operative skill.  
 

Methods 
The search strategy for this review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 
2020. The Cochrane library, PubMed (Medline), Embase and Web of Science 
databases were searched for all articles reporting utility evidence for the use of 
technical performance assessments in postgraduate surgical training. Included 
articles were those reporting on the use or proposed use of such assessments in 
high-stakes scenarios, namely selection, progression through training, entrustment 
or autonomy granting, credentialing or certification.  
 
Results: 
Sixty-nine articles were included in a narrative synthesis. Performance assessments 
using simulation or psychomotor skill evaluations have been employed across 
jurisdictions for selection of surgical trainees, with a growing evidence base 
regarding their predictive validity. While a number of studies have demonstrated the 
benefit of SBA prior to entrustment or autonomy granting, no studies have reported 
on the implementation or consequence validity of such an approach to progressive 
autonomy granting. There are a few notable examples of SBA at end-of-training 
certification, though implementation varies across specialties and jurisdictions.  
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Conclusions: 
In spite of evidence demonstrating the validity of simulation as an assessment 
modality in surgical training, there remains an implementation gap with respect to its 
use in high-stakes settings. Future studies should explore the barriers to 
implementation of SBA in trainee selection, entrustment, progression-through-
training decisions, and ultimate certification.  
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1.1 Introduction 
 

Simulation is an established modality in surgical training, though its use in 
assessment is less well explored. As evidence supporting the validity of simulation-
based assessment (SBA) continues to grow, its potential for use in high-stakes 
assessment will come under scrutiny. High-stakes assessments are those used to 
guide decisions regarding selection, progression and certification19. Within the 
context of procedural training, entrustment or autonomy-granting is  another form of 
high-stakes assessment20. Robust evidence of validity, feasibility, cost-effectiveness 
and acceptability are of primary concern in this context19.  

 
While curricula emphasise longitudinal workplace-based assessment in surgical 
training, high stakes assessments of competence remain important in maintaining 
standards and public trust19. Certification exams such as the Fellowship of the Royal 
College of Surgeons (FRCS) examination or American Board of Surgery (ABS) 
examinations are primarily knowledge based, though assessment of operative skill 
has been incorporated into some processes, such as the Fellow of the European 
Board of Vascular Surgery (FEBVS) examination.  
 
SBA has potential applicability beyond end-of-training certification. Technical 
aptitude assessments could be used in trainee selection processes. Performance in 
SBA could inform decisions regarding progression through training. Passing a high-
stakes simulation-based assessment or proficiency benchmarked training and 
assessment program could be deemed a pre-requisite prior to in-theatre operating, 
or could inform progressive entrustment decisions. The aim of this review is to 
explore the current status of SBA in high-stakes technical skill assessment in 
training.  
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1.2 Methods 
 

This review is reported according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement 202021. Search terms included 
Medical Subject Headings (MeSH) and free-text terms; (Simulation) AND 
(Certification OR Selection OR Recruitment OR credentialing OR Progression OR 
entrustment OR privileging OR autonomy granting) AND (Surgery) AND (internship 
and residency OR training OR residency education) AND (Assessment). The 
Cochrane library, PubMed (MedLine), Embase and Web of Science databases were 
searched (last search May 2023). The full search strategy is outlined in Appendix 

1.1, supplemental data.  
 
After screening for duplicates, titles and abstracts were screened for relevance 
according to the inclusion criteria outlined in Table 1.1. Performance assessments 
were defined as assessments taking place outside of the operating room 
environment, to include simulation-based skill assessments and technical aptitude 
testing. Data were sought from all studies reporting on aspects of utility relating to 
high-stakes technical performance assessments in surgery, namely; validity, 
reliability, acceptability, cost or educational impact22. ‘High-stakes’ applications in 
surgery included trainee selection or recruitment, progression through training, 
credentialing, or certification. For the purposes of this manuscript, certification is 
defined as the process whereby the qualifications of a healthcare practitioner are 
assessed and verified23; in the context of surgical training this can be thought of as 
the certification of a surgical trainee as an independent practitioner. Credentialing is 
the process whereby ‘a specific scope and content of patient care services are 
authorized for a practitioner’23. In surgical training we can relate this to the 
assessment of procedure-specific or modality-specific competencies.  
 

 

 

 



 36 

Table 1.1: Inclusion and Exclusion Criteria – The current status The current status of 
high-stakes technical performance assessments in surgical training 
 
Inclusion criteria Exclusion criteria 
Experimental and quasi-experimental 
studies 

Editorials, opinion pieces, case studies 
or technique articles 

Studies exploring the utility of 
performance assessments during, or on 
application to, surgical training 
(including at fellowship level) 

Studies exploring the utility of 
performance assessments to inform 
high-stakes assessments in medical 
school only.  

Studies pertaining to all surgical 
specialties and sub-specialties, 
including gynaecological and 
ophthalmological surgery 

Studies pertaining to non-surgical 
specialties (e.g. interventional 
procedures in cardiology or 
gastroenterology) 

Studies exploring the use of high-stakes 
assessments in determining surgical or 
operative skill 

Studies assessing skill or competence 
in endoscopic or bedside procedures. 
Studies assessing non-technical skills.  

Studies pertaining to assessments 
designed to inform high-stakes 
decisions. 

Studies exploring simulation as a 
training modality only. Studies 
pertaining to formative or low-stakes 
assessment.  

Full text available  Conference abstracts 
 

The quality of included studies was assessed using the Medical Education Research 
Study Quality Instrument (MERSQI), a 10-item quality assessment tool scored to a 
maximum of 1824. Due to the anticipated heterogeneity of included studies, findings 
were synthesised through narrative review.  
 
1.3 Results 
 

A total of 2,319 records were retrieved from database searching, of which 580 were 
duplicates. On screening, 1,575 records were excluded, with 164 reports sought for 
retrieval. Of these, 12 could not be retrieved (published abstract only). Of the 152 
full-text articles assessed for eligibility, 69 were ultimately included in this review 
(Figure 1.1), with findings presented using narrative synthesis. 
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Figure 1.1: PRISMA flow-chart, The current status of simulation as a high-stakes 
technical skill assessment modality in surgical training From:  Page MJ, McKenzie 
JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. BMJ 
2021;372:n71. doi: 10.1136/bmj.n71 
 
 

The Medical Research Study Quality Instrument (MERSQI) score of included studies 

ranged from 6.5 – 16 (Appendix 1.2, supplemental data). Study characteristics are 
outlined in Table 1.2. 
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Table 1.2: Characteristics of included studies – the current status of simulation as a high-stakes technical skill assessment modality 
in surgical training 

Author Year Country Participants N Assessment modality High stakes application 
Haidari  2022 Denmark Novices, intermediate and expert surgeons 41 LapSim (Surgical Science) Credentialing 
Gangemi  2022 USA General surgery residency applicants and medical students  32 Manual dexterity (MD) was assessed through six tasks: O'Connor 

Tweezer Dexterity Test and Minnesota Manual Dexterity Test; Peg 
Transfer Test Fundamentals of Laparoscopic Surgery (box); Ring 
and Rail, Thread the Ring and Suture Sponge (da Vinci Surgical 
Simulator). 

Selection 

Lund  2022 USA General surgery interns 19 Simulation Selection 
Fong  2022 United Kingdom  Executive council of the Association of Laparoscopic Surgeons 

of Great Britain and Ireland (ALSGBI) 
76 LapPass, laparoscopic box trainer Credentialing 

Toale  2022 Ireland representatives from identified key stakeholder groups; 
executive management, risk management, a practicing surgeon, 
an anaesthesiologist, a theatre-nursing representative, a 
representative from simulation industry, a patient, a medical 
student, a junior surgical trainee, and a senior surgical trainee.  

10 Simulation (not further specified) Selection, credentialing 
(autonomy granting), 
certification 

Engberg  2021 Denmark Novices, anaesthesiologists and endovascular experts 42 Synthetic model (mannikin), Resuscitative Balloon Occlusion of the 
Aorta (REBOA) 

Certification 

Seaman  2021 USA General surgery residents and residents in Obstetrics and 
Gynaecology 

176 Simulation (FLS) Certification/ credentialing 

Doneza  2021 USA Obstetricians and gynaecologists  108 Simulation Credentialing 
(maintenance) 

Hermsen  2021 USA Cardiothoracic fellows (PGY 6 - 8) and attending surgeons 6 Simulation Certification 
Karani 2021 USA Applicants to a urology surgery residency 94 Benchtop simulators Selection (residency) 
Aljamal  2020 USA General surgery residents 44 Multi-station simulation-based OSCE Credentialing 

(entrustability) 
Goderstad 2020 Norway Gynaecology trainees 12 LapMentor (Symbionix) Credentialing 
AlJamal  2020 USA Interviewees to a general surgery residency  60 Simulation Selection 
Gillis  2020 Canada Postgraduate year 3-5 trainees of a 5-year Canadian 

orthopaedic residency program 
34 Simulation-based OSCE, cadaveric (procedural simulations) Certification  

Satava 2020 USA Multi-specialty subject-matter-experts in robotic surgery 80 Robotic simulation Credentialing 
Nayahangan 2019 Denmark Novices and experienced open vascular surgeons 25 Synthetic abdominal model for open aortic surgery, Vascular 

International School AG, Kerns, Switzerland) 
Certification 

Halwani 2019 Canada General surgery residents 19 Simulation Certification 
Bube  2019 Denmark Urology doctors (novices, intermediate and expert) 49 TURB Mentor VR simulator (3D Systems/Simbionix) Credentialing (autonomy 

granting) 
Sousa  2019 Portugal Candidates undertaking the Fellow of the European Board of 

Vascular Surgery (FEBVS) examination 
300 multi-station open technical skills assessment (aortic anastomosis, 

distal anastomosis, carotid endarterectomy) and endovascular 
technical skills assessment 

Certification 

Bilgic  2018 Canada Fundamentals of Laparoscopic Surgery (FLS) candidates 7232 FLS exam using a box trainer Credentialing 
Hovgaard  2018 Denmark Novice gynaecological surgeons and 11 experienced 

gynaecological robotic surgeons  
22 RobotiX Mentor (3D Systems, Colorado, USA) Credentialing 

Erturan  2018 United Kingdom  Orthopaedic consultant surgeons, trainees and novices (interns 
and medical students) 

52 a standardized bench-top simulated hip arthroscopy task Selection (fellowship) 

de Vries  2018 The 
Netherlands 

Urologists and urology residents 76 The Simbla TURBT simulator (SAMED GmbH, Dresden, Germany)  Certification 

Moglia  2018 Italy Medical students without prior simulator experience 166 dV-Trainer (Mimic, Seattle, WA,USA) Selection 
de Montbrun  2018 Canada General surgery program directors  14 Simulation (not further specified) Certification 
Ahmed  2018 International 

panel 
Experts from EULIS, EUREP, ESU and ESUT 35 Simulation (not further specified) Autonomy granting 

Masood  2018 USA Applicants to an ENT residency program  41 Six simulation modules reflecting tasks used in six subspecialties 
within otolaryngology  

Selection 

Awad 2018 United Kingdom  International experts in advanced minimally invasive surgery 57 Simulation (not otherwise specified) Credentialing 
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Louridas  2017 Canada Pre-clinical medical students 65 Laparoscopic and open technical tasks: peg transfer, circle cutting, 
intracorporal knot tie, one handed tie and simulated laparotomy 
closure 

Selection 

Hazboun  2017 USA Prospective paediatric surgery fellowship candidates 40 Simulated laparoscopic intracorporal knot tying Selection (fellowship) 
Gardner 2017 USA Surgery faculty/ residents/ staff and medical students  43 "Sim Games" including bench models for basic knot tying and basic 

suturing 
Selection 

Dwyer  2016 Canada PGY-1 and PGY-4 orthopaedic surgery residents 18 Synthetic models Credentialing 
(entrustability) 

Winkler-
Schwartz  

2016 Canada Applicants to a neurosurgery residency programme 22 NeuroTouch virtual reality simulator Selection (residency) 

Thinggaard  2016 Denmark Novices and experienced laparoscopic surgeons 40 TABLT training and testing tool using a portable laparoscopic trainer Credentialing (autonomy 
granting) 

Ritter 2016 USA An 'executive group' consisting of 5 members in leadership 
positions in the Fundamentals of Laparoscopic Surgery (FLS) 
proctor program, and a 'subject matter group; of experienced 
proctors 

20 Fundamentals of Laparoscopic Surgery (FLS), laparoscopic box 
trainer 

Credentialing 

Louridas 2016 Canada International educational directorates 8 Aptitude tests, simulation Selection, progression 
through training, 
certification 

Janssens 2015 Australia Gynaecology registrars 16 LapMentorII(Simbionix,Cleveland,OH,USA) Credentialing 
Jacobsen  2015 Demark Experienced arthroscopic surgeons and novices  26 The ARTHRO Mentor virtual reality knee arthroscopy simulator Autonomy granting 
Duran  2015 USA Residents, fellows, and surgeons with extensive endovascular 

training 
20 Silicon model Credentialing 

Thomsen  2015 Denmark Ophthalmology trainees, cataract surgeons and vitreoretinal 
surgeons  

42 EyeSiTM simulator (Haag-Streit Simulation) Certification/ credentialing 

Groenier 2015 The 
Netherlands 

Novices 98 Visual-spatial ability testing the mental rotation test, the Paper 
folding test, the surface development test and the Rotating shapes 
test. Spatial memory tests; The Corsi block tapping test. Perceptual 
speed; Number comparison test and the Identical pictures test. 
Reasoning; The Raven advanced progressive matrices test and a 
verbal reasoning test from the Groninger intelligence test 

Selection 

Rooney  2015 USA Registered Fundamentals of Laparoscopic Surgery (FLS) 
proctors 

42 FLS exam using a box trainer Credentialing 

Ahmed 2015 International 
panel 

Attendants at European Association of Urology,  and robotic 
Urology Section meetings  

Not 
described 

robotic simulation Credentialing 

Deutsch 2015 USA Otolaryngology program directors  43 Simulation (not otherwise specified) Credentialing 
Culligan  2014 USA Robotic surgery experts and credentialed gynaecology 

surgeons naïve to robotic surgery 
19 Porcine laboratory, automated performance metrics measured by 

the DaVinci platform 
Credentialing (robotic) 

Gallagher 2014 Ireland Applicants to specialty training in general surgery 98 Multi-station OSCE across ten skills stations Selection (Progression 
through training) 

Buckley  2014 Ireland Medical students without prior simulator experience 20 Visual-spatial ability, depth perception and psychomotor ability Selection 
Giannotti  2014 Italy General and bariatric surgeons 20 Lap Mentor simulator Certification 
Moglia  2014 Italy Medical students 121 da Vinci Skills simulator Selection 
Burden  2014 United Kingdom  National experts in gynaecological laparoscopy and 

gynaecology trainees 
37 Simulation (not otherwise specified) Credentialing (autonomy 

granting) 
Buckley  2013 Ireland Medical students 80 Visual-spatial ability, depth perception and psychomotor ability Selection 
Duran  2013 USA Vascular surgery trainees 183 Fundamentals of Endovascular Surgery (FEVS) – silicon and virtual 

reality models 
Certification 

Rooney  2012 USA Surgeons and non-surgeons attending Fundamentals of 
Laparoscopic Surgery proctor training workshops 

30 Fundamentals of Laparoscopic Surgery (FLS), laparoscopic box 
trainer 

Credentialing 

Stefanidis  2012 USA Members of the Association for Surgical Education  60 Simulation (not otherwise specified) Credentialing 
Alvand 2011 United Kingdom  Medical students 33 Benchtop simulators Selection 
Panait  2011 USA Applicants to a community general surgery program 42 LapSim (Surgical Science) Selection 
Van Herzeele  2010 United Kingdom  Medical students 20 Fine motor dexterity  (Perdue pegboard), psychomotor ability 

(minimally invasive virtual reality surgical trainer, MIST-VR), image 
recall (Rey-Osterrieth) and organisational aptitude (map-planning) 

Selection 
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Xeroulis  2009 Canada Junior residents (PGY 1 - 3), Senior residents (PGY 4,5) and 
staff surgeons 

26 Fundamentals of Laparoscopic Surgery (FLS), laparoscopic box 
trainer 

Credentialing 

Carroll  2009 Ireland Applicants to specialty training in Plastic surgery 34 Synthetic models of four plastic surgery procedures Selection (specialty 
training) 

Salgado  2009 USA Applicants to a Minimally Invasive Surgery (MIS) fellowship 8 
Gallagher  2008 Ireland Applicants to higher specialist training in general surgery 16 Six open stations used high-fidelity realistic bench models(Limbs & 

Things, Bristol, UK and AnnexArt, Anglesey, Wales). Four 
endoscopic surgery stations using the ProMis laparoscopy simulator 
(Haptica, Dublin, Ireland) and the GI Mentor endoscopy simulator 
(Simbionix, Cleveland, OH, USA). 

Selection, progression 
through training 

Goldberg  2008 USA Fourth year medical students 113  Stromberg Dexterity Test of gross motor function and the O'Conner 
Tweezer Test of fine motor dexterity 

Selection 

Tedesco  2008 USA Vascular surgery 17 Procedicus Vascular Intervention System Trainer (VIST) 
endovascular simulator (Mentice Corporation, Gothenburg, Sweden) 

Selection (fellowship), 
credentialing 

Cope  2008 Australia Interns in their first post-graduate year 22 MIST VR simulator (Mentic, Sweden) Selection 
Tansley 2007 United Kingdom  Applicants to specialty training 54 Visuospatial and technical ability testing Selection (specialty 

training) 
Pandey  2006 International 

(European 
Board of 
Vascular 
Surgery 

Candidates and examiners in a pilot examination of technical 
competence 

30 Assessment of technical competence examination, synthetic models Certification 

Aggarwal  2006 United Kingdom  Expert and novice surgeons with respect to cholecystectomy 
volume 

40 LapSim (Surgical Science, Gothenburg, Sweden) Credentialing (autonomy 
granting) 
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1.3.1 Resident selection or recruitment:  
  
1.3.1.1 Psychomotor aptitude assessments:  
 
Studies have demonstrated the validity of aptitude assessments as a resident 
selection modality. These assessments can stratify candidates according to ability25, 
and display predictive validity: Buckley et al. (2014) describe the use of visuo-spatial, 
depth perception and dexterity assessments to identify students with ‘high aptitude’, 
who achieved proficiency in simulated laparoscopic suturing at a faster rate than 
those with ‘low aptitude’26. Thirty percent failed to reach proficiency with  repeated 

attempts26, with similar findings reported by other studies27 28.  Recent work from our 
institution suggests that aptitude assessments are associated with future operative 
performance29. These assessments may complement other selection criteria; in 
studies by Gangemi et al. (2022) and Goldberg et al. (2008), manual dexterity scores 
did not correlate with United States Medical Licensing Exam (USMLE) results or 
medical school academic grades27 30, suggesting that they assess a distinct 
construct.  
 
1.3.1.2 Simulated operative tasks:  
 
Simulated basic surgical tasks have been used to stratify candidates based on ability 
at the time of selection31 32. Such assessments can identify candidates who struggle 
to reach task proficiency33, and results appear not to be associated with self-
assessed aptitude34 35. Lund et al. (2022) report that SBA scores at selection were 
associated with higher future milestone assessment scores (β = .45, p = 0.03) and 
higher American Board of Surgery In-Training Examination (ABSITE) scores (β = 
.43, p = 0.02), while faculty interview scores and United States Medical Licensing 
Examination (USMLE) scores were not36.  
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1.3.1.3 Implementation and feasibility  
 
In a survey study of international educational directorates by Louridas et al. (2016), 
technical assessments informed selection in Australia, Ireland, New Zealand and the 
United Kingdom, but not in other jurisdictions surveyed (Canada, Hong Kong, 
Sweden)37. Simulated operative task assessments were incorporated into a general 
surgery residency selection programme by Al Jamal et al.(2020) at the Mayo Clinic 
(Rochester, Minnesota, USA). Resource implications are discussed; the multi-station 
assessment took 192 minutes to administer to 60 applicants38, demonstrating 
feasibility. Baseline aptitude assessments have been incorporated into the Royal 

College of Surgeons in Ireland’s (RCSI) trainee selection process26, though further 
examples of such selection frameworks are lacking.  
 
1.3.1.4 Acceptability 
 
In Al Jamal’s (2020) study, the incorporation of SBA stations did not negatively 
impact the candidate’s overall perception of an interview process38. However, while 
some candidates reported that the experience was ‘great’ and ‘engaging’, others 
described it as ‘intense’, ‘too stressful’, and ‘too high pressure’38. Masood et al. 
(2018) explored the potential use of simulated assessments at selection into an 
otolaryngology residency program; 98.5% of participants strongly agreed that the 
simulations were enjoyable, and 92.7% recommended their use in future selection, 
while 63.5% strongly disagreed that the simulations were stressful39. Importantly, the 
contribution of scores to selection decisions was not discussed in this study39. 
Rather, feasibility and acceptability of such an approach was explored without using 
SBA-derived scores to contribute to ranking.  
 
In Louridas et al.’s 2016 study, four of eight educational directorates surveyed 
agreed or strongly agreed that technical performance should be assessed during 
selection, while 50% were ‘neutral’ on the question37. Lack of validity evidence was 

reported as a barrier to its use37. In a qualitative study of surgical education 
stakeholders at our institution, interviewees believed that assessing technical skill as 
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part of selection was fair as part of a multi-factorial process, though some 
participants believed that candidates should not be barred from entry based on 
aptitude or ‘innate ability’ alone40. Gardner et al. (2017) describe the acceptability of 
knot-tying and suturing assessments as part of resident selection41. Faculty, 
residents, staff and students believed that assessing non-technical skills was more 
valuable than technical skill assessment during the selection process41. Concerns 
were raised regarding time and resources required to implement SBA at selection41. 
Technical skills assessed were believed to be those that could be easily taught 
during residency, though it was believed that SBA could assess non-technical skills 
such as learning aptitude and receptivity to feedback41.  

 
1.3.2 Progression through training and remediation:  
 
1.3.2.1 Progression to the next training year:  
 
Gillis et al. (2020) describe the validation of the Surgical OSCE (S-OSCE), designed 
to inform trainee advancement decisions in orthopaedic residency42, mapped to the 
Canadian Medical Education Directives for Specialists (CanMEDS) framework. 
Moderate correlations between scores awarded and training year were observed 
(r2 = 0.5737). Performance strongly correlated with entrustability scores (O-Scores) (r 
= 0.89). A feasibility analysis showed the S-OSCE to be financially practicable, with 
total costs calculated at $16,044.3242 per  session.  
 
1.3.2.2 Progression from ‘Core Training’ to ‘Higher Specialist’ training 
 
The Royal College of Surgeons in Ireland (RCSI) have described the implementation 
of SBA  to inform decisions on progression from core surgical training (CST) to 
higher specialist training (HST). Gallagher et al. (2008)43 describe a 10-station (20-
30 minutes per station) skills assessment, scored by trained examiners. Candidates 
who were ultimately selected performed better in technical assessments, and a 

strong correlation was observed between SBA scored and overall multifaceted 
progression scores (incorporating scores for educational and academic record, 
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record in CST assessments, and research output ) (r = 0.746, p<0.001)43. A similar 
study was conducted with applicants to a plastic surgery HST programme; over 6 
stations, the candidates ultimately selected performed 2.2 times better than those 
who were not (p<0.01)44. SBA improved the statistical power of the multi-factorial 
selection process44. Further validity evidence was described in 2014; candidates with 
higher technical skill assessment scores were more likely to progress to HST, and 
skill assessment scores were moderately correlated with the total score awarded45. 
The ultimate selection outcome was most strongly predicted by the technical skill 
assessment scores on regression analysis45. Evidence of SBA use at this 
progression point outside of Ireland is lacking. Nine HST  programmes in London 

were surveyed  by Tansley et al. (2007); at this time, one general surgery 
department had piloted testing of visuospatial and technical ability at this progression 
stage46.   
 
1.3.2.3 Progression to fellowship training 
 
Hazboun et al. (2017) describe the implementation of SBA into the selection process 
for a paediatric fellowship programme47. Candidates were observed performing a 
simulated  laparoscopic intra-corporeal knot. Scores awarded significantly altered the 
ranking of candidates otherwise obtained through Electronic Residency Application 
Service (ERAS) application and interview. Validity evidence, with respect to the 
relationship between scores awarded and other variables, is retrospectively outlined; 
no correlation was identified between SBA results and passing the Fundamentals of 
Laparoscopic Surgery (FLS) exam47. Erturan et al. (2018) used an arthroscopy 
simulator to assess candidate proficiency, to inform selection for a hip arthroplasty 
fellowship48. SBA scores correlated with arthroplasty experience48. Salgado et al. 
(2009) used the LapSimTM (Surgical Science, Sweden) simulator to assess the 
technical skill of candidates applying to a minimally invasive surgery fellowship49. 
There was no significant correlation between assessment metrics and interview 
scores49, implying that SBA assesses a distinct construct compared to traditional 

interview. In a 2012 cross-sectional survey of US fellowship program directors, none 
reported using SBA at the time of selection50.  
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1.3.2.4: Acceptability of SBA used to inform progression through training 
 
Seven of eight educational directorates surveyed by Louridas et al (2016) assessed 
technical skill during training using a combination of workplace-based assessment 
and SBA37. Operating room assessments were preferred over those in the simulation 
laboratory37. Summative technical skill assessments used to inform progression to 
the next training year were reported as ‘less appealing’37. Financial limitations were a 
barrier to technical skill assessment during training37. In a qualitative study of key 
stakeholders at our institution, participants felt that the aim of SBA during training 
should be to identify candidates in need of extra support, and should only be used to 

halt progression in cases of repeated failures or gross incompetence40. It may be 
more acceptable to mandate a basic level of competence to be assessed using SBA 
in early training; in a survey-based study of gynaecological surgery experts and 
trainees, 77.7% of experts and 64.7% of trainees agreed or strongly agreed that 
junior trainees should pass a basic laparoscopic skills curriculum prior to progressing 
to the next training year51. 
 
1.3.3 Entrustment, Credentialing, and procedure-specific certification  
 
1.3.3.1 Validity and Implementation 
 
A number of studies report validity evidence for SBA designed for use in entrustment 
or procedure-specific credentialing52-64;  Further studies report on the development of 
SBA for credentialing in particular modalities, for example generic laparoscopic65 or 
endovascular66 skills. Culligan et al. (2014) described a proficiency-based 
progression in robotic gynaecological surgery67. Fourteen novice surgeons trained to 
pre-defined benchmarks on simulated tasks prior to undergoing animal-model based 
training, and finally their first human robotic supracervical hysterectomy67. This led to 
similar operative times to expert robotic surgeons67. In spite of studies outlining 
validity arguments for the use of simulation in this context, articles reporting the 

implementation of such programmes are lacking. In a survey of US otolaryngology 
program directors, 91% of 34 programmes were not using simulation for 
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credentialing purposes, while a further two programs (6%) reported doing so to a 
limited extent, with only one program using it for this purpose extensively68. In 
Janssen et al.’s 2015 study, sim-based credentialing in laparoscopy did not result in 
increased autonomy granting for trainees69.  
 
1.3.3.2 Acceptability 
 
In a study by Burden et al. (2014), 74% of experts and 35.3% of trainees agreed or 
strongly agreed that passing a basic laparoscopic skills curriculum should be a 
prerequisite for  in-theatre operating51. A simulated hand-eye co-ordination 

assessment was reported to be the most appropriate assessment modality in this 
context51.   Further views of robotic surgery experts are explored in a consensus 
study by Ahmed et al. (2015): participants agreed that trainees must undergo 
simulation-based training before in-theatre operating70. Conversely, participants in a 
Delphi study by Awad et a. (2014) could not reach consensus on whether simulation-
based assessment should be used for advanced minimally-invasive surgical skill 
evaluation71. 
 
1.3.4 Certification:  
 
1.3.4.1 Mandatory in-training assessments 
 
A number of studies outline utility evidence for the fundamentals of laparoscopic 
surgery (FLS) examination, an assessment of manual and cognitive laparoscopic 
skills with a pass score required for certification in a number of surgical specialties in 
the USA72-76. The LapPass assessment (Fong et al. 2021) has been similarly 
designed for the UK context77, though is not yet a mandatory component of UK 
surgical training. The Fundamentals of Endovascular Surgery (FEVS) exam has also 
been designed. Despite documented validity evidence such an exam has not been 
incorporated into US-based vascular training78 79. Satava et al. and colleagues (2020 

– 2021) outline their approach to the development of a Fundamentals of Robotic 
Surgery (FRS) curriculum, to assess skill prior to progression to clinical surgery80-82; 
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it has yet to be formally incorporated into national certification or credentialing 
processes in robotic surgery.  
 
1.3.4.2 End of training certification 
 
The European Board of Surgery Qualification in Vascular Surgery (EBSQVS) 
examination incorporates an assessment of candidates’ technical skill, and is 
required for certification in some jurisdictions83. Paney et al. (2006) describe the 
validity evidence from 22 candidates and 8 examiners; construct validity (assessor-
candidate comparisons), inter-observer reliability (α = 0·91), and inter-station 

reliability ((rs) = 0·79, P < 0·001) data are reported84. No significant correlation was 
observed between the SBA scores and scores derived from a logbook of operative 
experience84.  
 
De Montbrun et al. (2013) described the development of the Colorectal Objective 
Structured Assessment of Technical Skill (COSATS), to assess trainee competence 
at certification level14. This study demonstrated acceptable reliability metrics, and 
could distinguish between colorectal and general surgery residents14. In 2016, this 
study group further outlined the implementation of this assessment in the American 
Board of Colon and Rectal Surgery (ABCRS) certification process. The COSATS 
exam was a mandatory component of certification in 2014, when 70 trainees were 
assessed. Reliability metrics were appropriately high for use in high-stakes 
assessment (>0.80). A low positive correlation of r = 0.25 was recorded between 
COSATS scores and oral examination scores18. Halwani et al. (2019) similarly  
describe the development of the General Surgery Objective Structured Assessment 
of Technical Skill (GOSATS), designed as an eight station simulation-based 
examination for graduating general surgery residents in Canada85. Validity evidence 
across the five domains of Messick’s validity framework were discussed, and 
reliability indices appropriate for high-stakes assessment were recorded15 86.  
 

Acknowledging calls by key figures in cardiothoracic surgery to consider 
incorporating technical skill assessment in the certification process87 88, Hermsen et 
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al. (2021) describe the development of a high-fidelity model for use in assessment of 
cardiopulmonary bypass skills89. Their findings assessing a small group of trainees 
and experts demonstrated expert-fellow differences, and may in future lead to the 
development of competence benchmarks for use in high-stakes assessments, 
though no data regarding further implementation is reported89. Giannotti et al. (2014) 
explored the use of the Lap Mentor TM simulator as a certification tool for bariatric 
surgeons. They describe significant differences in simulator-measured performance 
metrics between general surgeons and bariatric surgeons90, though further 
implementation of a simulation-based certification programme is not described.  
 

1.3.4.3 Acceptability 
 
In a 2016 study by Louridas et al., respondents reported that  technical skill 
examinations were not assessed as a separate high-stakes examination in any 
jurisdiction (Australia, Canada, Denmark, Hong Kong, Ireland, the Netherlands, New 
Zealand, and Sweden)37. Assessments in the operating room were preferred over 
simulation-based assessments for certification purposes37. Lack of evidence for its 
use, and financial considerations, were both reported as barriers to the use of SBA 
at certification level37. In a Delphi consensus study of members of the Association for 
Surgical Education (Stefanidis et al., 2012), “What is the role of simulation for the 
certification of residents and practicing surgeons?” was identified as one of the top 
10 highest-priority questions in surgical simulation91. Louridas et al. (2016) report 
that 75% of educational directorates surveyed either agreed or strongly agreed that it 
was important to objectively assess technical competence at the time of certification. 
A total of 57% of surveyed vascular trainees in the United States expect that 
technical skills assessment will be incorporated into the future certification process, 
with 52% supporting such an approach92. In a Delphi consensus study of 57 experts 
in advanced minimally invasive surgery, no agreement could be reached regarding 
the use of virtual reality simulation for technical skills assessment as an accreditation 
modality in advanced MIS; participants favoured assessment of video data in 

addition to key performance metrics93.  
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1.4 Discussion 
 
This review explored the status of SBA in operative or technical skill assessment in 
high-stakes scenarios in surgical training. We have outlined its use in trainee 
selection and informing decisions regarding trainee progression, entrustment and 
procedure-specific credentialing. We have further explored the evidence supporting 
its use in end-of training certification. The following discussion will seek to 
summarize where we are now, how we got here, and where we might go next.  
 
From earlier studies demonstrating the ability of simple psychomotor assessments to 

predict performance in simulated tasks 25-28, our institution has implemented such 
assessments as part of the selection process for surgical trainees, and has 
demonstrated an association between aptitude scores and future performance in 
workplace40. Other institutions have provided validity evidence for the use of 
assessments of basic simulated operative tasks as part of the selection process31-36 

94 95. While the feasibility of such an approach has been demonstrated38, studies 
exploring the views of candidates and recruiters towards technical skill assessment 
as a selection modality outline important considerations for the future37-41.  Studies 
should explore the predictive validity of these assessments beyond associations with 
simulated performance or performance in early training alone. The relationship 
between aptitude, skill and patient outcomes has yet to be investigated, and would 
be challenging without sufficiently granular data linking trainee performance data to 
individual operative cases.  
 
It is the opinion of the authors that technical assessments at residency selection 
level or equivalent should focus on aptitude rather than skill. Knot tying, for example, 
represents a skill that can be mastered during training, with a low ‘ceiling effect’ 
observable in early training96. Furthermore, the relative experience and operative 
exposure of candidates at such an early stage will vary considerably; assessing for 
learning potential rather than amassed experience is likely more appropriate at 

selection. Psychomotor tests, which in theory assess underlying ability, may 
represent a more appropriate way to evaluate a candidate’s potential over 
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performance in a basic surgical task. This hypothesis can and should be tested. 
Given that technical proficiency represents just one of many attributes expected of a 
competent surgeon97, the authors believe that technical aptitude assessments 
should form part of a multi-factorial selection process. Such assessments could act 
in a complementary fashion to established academic criteria, similar to the ways in 
which situational judgement testing has been used to assess ‘non-technical’ ability98 

99. Though a number of studies have identified that a proportion of candidates may 
fail to reach an acceptable technical standard even with deliberate practice26-28, the 
use of psychomotor assessments alone as a screening tool for selection remains 
controversial40, and may be unacceptable to applicants.  

 
A number of robust studies have used contemporary validity frameworks to outline 
the development of various simulation-based assessments, intended for use in 
entrustment, autonomy granting or credentialing during training. The vast majority of 
these focus on assessing procedure-specific competence or key basic skills. More 
recent studies have focussed on using ‘proficiency-based-progression training 
modules’, where skills are trained to a pre-defined, usually expert-level benchmark, 
and formally assessed. Such an approach, incorporating simulation-based 
assessment, has been shown to reduce intra-operative performance errors and 
operative time in a recent meta-analysis100. This approach is perhaps best 
exemplified by contemporary  robotic training curricula67. Such a model could 
conceivably be applied to laparoscopic, endovascular, or even open surgery, though 
studies reporting on the implementation of such an approach are lacking. Future 
studies should explore the barriers to implementing a train-to-proficiency simulation 
programme across surgical curricula, which would likely include significant resource 
and time barriers.  
 
Further studies have described the use of SBA to inform decisions regarding 
progression through training. To date, these have focussed on assessing trainees at 
key progression points, e.g. the competitive transition from core to higher specialist 

training in the UK46 and Ireland43-45, or transition to fellowship training47-49. In this 
context, simulation is again being used as a modality to inform selection, though 
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appropriately should use simulated tasks or procedures to assess learning rather 
than aforementioned aptitude tests. A recent study by Gillis et al. (2020) 
demonstrates how using SBA in training could align with contemporary goals of 
competency-based education42. Simulation could objectively assess procedural 
competence during training, aligning with curriculum-derived expectations and 
informing progression through training in a time-independent fashion. What role SBA 
is to play in the context of competency-based training programmes101 remains to be 
elucidated. 
 
The development and implementation of a technical skills assessment into the 

European Board of Vascular Surgery certification process (Pandey et al, 2006) 
represented a key milestone in the history of simulation-based assessment in 
surgery84. The subsequent integration of the COSATS examination into the process 
of ABCRS certification, with validity evidence reported in line with a contemporary 
framework, is a more recent high-profile example of the use of simulation as an 
assessment modality at certification level18. De Montbrun et al. (2018) outline a 
systematic approach to the design, validation and implementation of a high-stakes 
assessment that can be adapted to further surgical specialties, institutions, and 
national curricula. Future studies should build on this model to explore the utility of 
SBA in other surgical specialties and training jurisdictions. How such an assessment 
fits into a multi-factorial certification process, and to what extent it complements 
other proxy assessments of skill such as trainer evaluations and operative 
experience logbooks, remains to be firmly established.  
 
Limitations 
The heterogeneity of study designs, populations, and outcome measures of included 
studies precluded meta-analysis. Simulation-based assessment literature pertaining 
to endoscopic or bedside procedures, as well as literature derived from performance 
assessments in non-surgical specialties, could provide further insight into the 
appropriate use of high-stakes technical performance assessments in surgery. 

These studies are beyond the scope of this review. Furthermore, assessments of 
aptitude or technical skill often form part of a wider programmatic approach to trainee 
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assessment; the validity, reliability, acceptability, cost effectiveness and educational 
impact of these assessments must therefore be analysed in context. Technical 
aptitude assessments and simulation-based assessments are resource intensive, 
somewhat limiting the ability of many training programmes and jurisdictions to 
implement an approach to trainee assessment outside of the operating theatre.  
 
1.5 Conclusion 
 
The development of contemporary validity evidence frameworks, competency-based 
education principles and higher-fidelity simulation has paved the way for the reliable, 

acceptable and valid use of simulation as a high-stakes assessment modality. This 
has culminated in the implementation of national simulation-based assessments of 
technical skill at certification level. Integrated approaches to simulation-based 
assessment, mapped to competency-based curricula, could see the successful 
development of a simulation-informed selection, progression, entrustment and 
certification process. Whether such a curriculum leads to more efficient training or 
improved patient safety remains to be explored by future studies. Given the 
observed gap between development or validation and implementation, it is likely that 
significant barriers to the deployment of simulation in high-stakes assessments 
remain; these should be explored and challenged.  
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1.6. Thesis Objectives and Research Questions:  

 

Technical ‘Performance assessments’ are defined as assessments of operative or 
technical skill or competence that occur outside of the operating theatre102. In Irish 
surgical training, these include two distinct sets of assessments: 1) assessments of 
aptitude used to inform selection onto Core Surgical Training (the first two years of 
dedicated postgraduate surgical training) and progression from the first year of 
undifferentiated training to their second year of training in a specialty interest (ST1 to 
ST2). 2) Further simulation-based assessments of operative skill are conducted 
using simulation-based Objective Structured Clinical examinations (OSCES) at the 
end of each training year in Core Surgical Training. Scores awarded during these 
assessments contribute to an overall score used to rank trainees at the time of 
application to Higher Specialist Training (HST) in their chosen surgical specialty  
(Figure 1.6.1). Currently, there is no formal simulation-based assessment 
incorporated into Higher Specialist Training. At this level, assessment is primarily 
conducted in the workplace, as outlined by the curriculum of the Intercollegiate 
Surgical Curriculum Programme of  the United Kingdom and Ireland (ISCP).  
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Figure 1.6.1: Currently utilised and proposed technical performance assessments in 
Irish Surgical Training. SBA indicates Simulation-Based Assessment, MMI, Multiple Mini-
Interview, CST, Core Surgical Training, TAR, Trainer Assessment Report, WBA, Workplace-
Based Assessment, MRCS, Membership of the Royal College of Surgeons, ST, Surgical 
Training (year), OSS, Objective Surgical Skill, HST, Higher Specialist Training, CAPA, 
Competency Assessment and Performance Appraisal, FRCS, Fellowship of the Royal 
College of Surgeons, GS, General Surgery 
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Figure 1.6.2: Currently utilised assessment curriculum in General Surgery Higher 
Specialist Training.  From the Intercollegiate Surgical Curriculum Programme, 
General Surgery Curriculum, 4 August 2021 (available at: 
https://www.iscp.ac.uk/iscp/curriculum-2021/, last accessed 26 June 2023). GPCs 
indicates Generic Professional Capabilities, CiPs, Capabilities in Practice, AES, 
Assigned Educational Supervisor 
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The main body of this thesis concerns investigating the validity, reliability and 
acceptability of simulation as an assessment modality in three high-stakes scenarios 
in surgical training: at trainee selection, at progression from core surgical training to 
higher surgical training, and late training certification using general surgery as an 
index specialty. This study is conceptualised as an emergent, multiphase, mixed-
method study (Figure 1.6.3). Concurrent phases, using qualitative and quantitative 
methodology, are used to evaluate the utility of currently utilised technical 
performance assessments in the Irish context. A further sequential stage seeks to 
generate utility evidence for the use of simulation as an assessment modality in 
higher specialist general surgery training. The domains of van der Vleuten’s Utility 

framework are used to guide study design and data collation, i.e.: validity, 
acceptability, reliability, cost (or cost-effectiveness) and educational impact22. Within 
this framework, validity evidence is primarily collated according to Messick’s five 
sources of validity evidence; content, internal consistency, relationships with other 
variables, response process and consequences103.  Reliability findings are reported 
according to principles of classical test theory104 and generalizability theory105 where 
applicable, while education impact is measured according to Kirkpatrick’s model as 
adapted for healthcare-related studies by Freeth et al106. 
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Figure 1.6.3: Thesis conceptualised 

Overall programme objective:
Establish the utility of high-stakes technical performance assessments in a National Surgical Training Programme

Phase 1:
Mixed-Methods: 
Research question: What factors influence the 
acceptability of technical performance 
assessments in surgical training?

Aim: Explore the perceptions and experiences of 
key stakeholders towards technical performance 
assessments: 

Qualitative: 

1. Scoping review
2. Series of semi-structured interviews 

Quantitative: 
3. Survey of trainees

Phase 2: 
Quantitative 
Research question: What is the utility of current 
technical performance assessments as utilized by 
the Irish National Surgical Training programme: 

Aim: investigate the utility of technical 
performance assessments at three key stages of 
training
1. The use of baseline aptitude assessments for 

trainee selection 
2. The contribution of baselines aptitude 

assessments to the awarding of ST2 positions 
in the candidate’s chosen subspecialty

3. The utility of simulation-based assessments 
used to inform progression from Core Surgical 
Training to Higher Specialist Training

Findings mixed during interpretation within a programme-objective framework. 
Findings inform the development and evaluation of Phase 3 

Phase 3:
Mixed-Methods:
Research question: What is the utility of a novel simulation-based 
assessment of operative competence, designed to assess the 
technical performance of General Surgery Trainees in Higher 
specialist training?

Aim: Construct a validity (and utility) argument for a novel 
simulation-based assessment of operative competence in General 
Surgery training

Quantitative

1. Content generation: Modified Delphi Consensus Study 
2. Collate validity and feasibility evidence by conducting an 

observational study

Qualitative  
1. Explore context-specific acceptability by conducting a series of 

small-group and semi-structured interviews 

Concurrent

Findings mixed during interpretation within a 
programme-objective framework

Findings mixed during interpretation within a programme-objective framework. 
Recommendations made regarding the use of high-stakes technical performance assessments in surgical training 

Sequential 
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The corresponding objectives and principle research questions are summarised 
below:  
 
Objective 1: To determine whether there is a need for simulation-based assessment 
in surgical training.  
 
Research question: what is the added value of a simulation-based assessment 
curriculum in the context of contemporary, competency-based surgical training 
programmes? 
 

Objective 2: To establish the validity evidence for the use of technical performance 
assessments, conducted outside of the operating room, in the selection of 
candidates to surgical training.  
 
Research question: Are assessments of technical aptitude sufficiently validated and 
reliable for use in the recruitment of surgical trainees? 
 
Objective 3: To explore the validity evidence for the use of simulation-based 
assessments of technical skill to inform decisions regarding the progression of 
surgical trainees from core surgical training to higher specialist training 
 
Research question: Is the Objective Surgical Skills examination (OSS) sufficiently 
valid and reliable for use in the high-stakes assessment of surgical trainees, and how 
does it add utility to other, more traditionally utilised performance assessments such 
as operative experience logbooks and workplace-based assessments? 
 
Objective 4: To develop and prospectively validate a novel simulation-based 
assessment of operative competence, designed to assess trainee in higher specialist 
training 
 

Research question: Can a high-fidelity, multi-station technical skill assessment 
display sufficient validity and reliability metrics for use in the assessment of 
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competence in general surgery higher specialist training, and furthermore, what are 
the barriers to the implementation of such an assessment to inform end-of-training 
certification decisions? 
 
Objective 5: To develop a proposed blueprint or framework regarding the optimum 
design, validation and implementation of an integrated, simulation-based 
assessment curriculum across the continuum of surgical training.  
 
Research question: How should simulation be used as a high-stakes assessment 
modality across the continuum of surgical training, from selection to certification? 
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1.7. Data sources for this thesis 

 

Objective 1:  
For objective 1, the existing literature was explored in order to develop a moral 
argument for the use of simulation as a training and assessment tool in surgical 
training.  
 
A series of studies were conducted to investigate the validity evidence for two key 
assessment modalities currently used by surgical training programmes across 
jurisdictions: workplace-based assessments and operative experience targets. A 
systematic (scoping) review was first conducted to map the current literature with 
respect to the assessment of technical skills Irish and United Kingdom surgical 
training. A further systematic review was conducted in order to specifically 
investigate the validity evidence supporting the use of operative experience targets 
or ‘logbooks’ in surgical training.  
 
Subsequently, the acceptability of simulation as an assessment modality was 
explored in a three-stage process: first, a scoping review of the existing literature 
was conducted. Themes derived from thematic analysis of collated data were used 
to generate an interview guide, which was used to conduct a series of semi-
structured interviews with key stakeholders in surgical training. Themes, sub-themes 
and codes derived from these semi-structured interviews were used to develop a 

survey for circulation across Ireland and the United kingdom, to explore the 
perspectives of surgical trainees regarding the use of simulation-based assessment 
in surgical training.  
 
Objective 2 
Prospectively collected data derived from applications to core surgical training was 
used to explore the predictive validity of baseline aptitude assessments as a 
selection tool, by exploring the associations between these assessment scores and 
scores achieved in future workplace-based and simulation-based assessments.  
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A further analysis of applicant data was conducted in order to explore the predictive 
validity of aptitude assessments with respect to likelihood of progression to higher 
specialist training, as part of a multi-modality selection framework including 
measures of undergraduate academic performance and performance at interview. 
 
Objective 3 
For objective 3, prospectively maintained trainee assessment data was 
retrospectively explored in order to generate validity and reliability evidence for 
workplace-based and simulation-based technical skill assessments in core surgical 
training. 

 
A prospective validation study of the Objective Surgical Skills (OSS) assessment 
was further conducted.  
 
Objective 4:  
 
For objective 4, a prospective Delphi consensus study was first conducted in order to 
generate content validity for a novel simulation-based assessment of operative 
competence in higher surgical training. The proposed virtual reality for use in this 
novel assessment, the LapSim (Surgical Science, Sweden), was interrogated 
through a scoping review of the available literature regarding the use of this platform 
as an assessment and training tool. The validity, reliability and acceptability of the 
subsequently designed novel assessment was explored prospectively using a 
combination of quantitative and qualitative data points.  
 
Objective 5:  
 
A blueprint for the design, validation, and implementation of an integrated simulation-
based assessment framework across the continuum of surgical training, from 
selection to end-of-training certification, was developed with respect to data derived 

from the above studies.  
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Chapter 2: Determining the need for, and acceptability of, high-stakes 
technical performance assessments in surgical training 
 

Chapter overview:  
 
This chapter consists of  a series of manuscripts exploring the need for, and 
acceptability of, simulation-based assessments in surgical training, with reference to 
the programmatic technical skill assessment framework of surgical training in Ireland 
and the United Kingdom. We begin by making a moral argument regarding the use 
of simulation-based training and assessment in surgical training. Two review articles 
are then presented. The first, ‘Assessing Operative Skill in the Competency-based 
Education Era: Lessons From the UK and Ireland’, presents the current assessment 
curriculum of the surgical training programme of Ireland and the United Kingdom, 
with specific reference to the utility of two primary methods of operative competence 
assessment; workplace-based assessments and operative experience targets for 
index procedures. The second, ‘Defining operative experience targets in surgical 
training: A systematic review’, further explores the utility of operative experience 
targets with reference to their use internationally. These reviews were conducted to 
determining the benefits and pitfalls of these operative assessment modalities, with a 
view to determining the relative merits of technical performance assessments 
outside of the operating theatre.  
 

Two further published works are then presented, describing an iterative approach to 
determining the acceptability of technical performance assessments to key 
stakeholder representatives in surgical training. Finally, supporting unpublished data 
from a survey of Irish surgical trainees regarding the acceptability of such 
assessments is presented.  
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Role of the thesis author:  
 
Mr Toale was the primary contributor to the study design and research question 
development for these studies, conducted the related literature searches, performed 
all data extraction and synthesis, drafted the initial manuscripts and produced the 
final versions. Furthermore, he conducted the series of semi-structured interviews, 
conducted the thematic analysis of transcribed data, developed the survey items for 
subsequent distribution, analysed the returned data, and drafted the draft and final 
manuscripts.  
 

References (published works contributing to this chapter):  
 
Toale C, Morris M, Kavanagh DO. Training to proficiency in surgery using simulation: 
is there a moral obligation? J Med Ethics. 2022 Jan 6:medethics-2021-107678. doi: 
10.1136/medethics-2021-107678. Epub ahead of print. PMID: 34992083. 
 
Toale C, Morris M, Kavanagh DO. Assessing Operative Skill in the Competency-
based Education Era: Lessons From the UK and Ireland. Ann Surg. 2022 Apr 
1;275(4):e615-e625. doi: 10.1097/SLA.0000000000005242. PMID: 35129531. 
 
Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative experience targets 
in surgical training: A systematic review. Surgery. 2022 Nov;172(5):1364-1372. doi: 
10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 36038374. 
 
Toale C, Morris M, Kavanagh D. Perceptions and experiences of simulation-based 
assessment of technical skill in surgery: A scoping review. Am J Surg. 2021 
Oct;222(4):723-730. doi: 10.1016/j.amjsurg.2021.03.035. Epub 2021 Apr 6. PMID: 
33849711. 
 
Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based assessment of 

operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 
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Additional material: further unpublished supporting works contributing to this 
thesis chapter:  
 

Toale C, Morris M, Kavanagh DO. The Acceptability of Assessing Operative 
Competence Outside of the Operating Room: A Survey of Surgical Trainees 
(unpublished material). 
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2.1: Training to Proficiency in Surgery using Simulation: Is there a moral 
obligation? 

 
Reference: Toale C, Morris M, Kavanagh DO. Training to proficiency in surgery 
using simulation: is there a moral obligation? J Med Ethics. 2022 Jan 6:medethics-
2021-107678. doi: 10.1136/medethics-2021-107678. Epub ahead of print. PMID: 
34992083. 
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2.2. Assessing Operative Skill in the Competency-Based Education Era: 
Lessons from the UK and Ireland 
 

Reference: Toale C, Morris M, Kavanagh DO. Assessing Operative Skill in the 
Competency-based Education Era: Lessons From the UK and Ireland. Ann Surg. 
2022 Apr 1;275(4):e615-e625. doi: 10.1097/SLA.0000000000005242. PMID: 
35129531. 
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2.3. Defining Operative Experience Targets in Surgical Training:  
A Systematic Review 

 
Reference: Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative 
experience targets in surgical training: A systematic review. Surgery. 2022 
Nov;172(5):1364-1372. doi: 10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 
36038374. 
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2.4. Perceptions and Experiences of Simulation-Based Assessment of 
Technical Skill in Surgery: A Scoping Review 

 
Reference: Toale C, Morris M, Kavanagh D. Perceptions and experiences of 
simulation-based assessment of technical skill in surgery: A scoping review. Am J 
Surg. 2021 Oct;222(4):723-730. doi: 10.1016/j.amjsurg.2021.03.035. Epub 2021 Apr 
6. PMID: 33849711. 
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2.5. Perspectives on simulation-based assessment of operative skill in surgical 
training 

Reference: Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based 
assessment of operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 
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2.6. Additional Material: The Acceptability of Assessing Operative Competence 
Outside of the Operating Room: A Survey of Surgical Trainees 
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Abstract  

Background 
 
Simulation is increasingly being explored as an assessment modality. There is little 
research exploring the perceptions of key stakeholders, including surgical trainees, 
toward simulation-based assessment (SBA). This survey-based study reports the 
perceptions and experiences of Irish surgical trainees toward SBA. 
 
Methods:  
 

An anonymous survey was developed using an iterative process of literature review 
and stake-holder interviews. This was distributed to all currently enrolled surgical 
trainees in Ireland, regardless of sub-specialty (N = 375).  A mixed-method approach 
was adopted; quantitative data was collected via Likert-scale items, while qualitative 
data was collected via open-ended questions. Responses to open response 
comments underwent thematic analysis. 
 
Results:  
 
Fifty-four respondents completed the survey (response rate 14.4%). Simulation was 
perceived to be an appropriate method for assessing a trainee’s knowledge of 
operative steps (mean 4.8 ± 1.16), and less useful in assessing higher-order skills 
such as communication and teamwork (3.34 ± 1.37) or decision making (2.94 ± 
0.94).  Lack of access to simulator technology and negative perceptions regarding 
available model fidelity were perceived barriers to the implementation of acceptable 
SBA. 
 
Conclusions 
 

Without significant investment in simulation-technology, SBA could be viewed by 
trainees as a barrier to training. SBA is most acceptably used to prepare and assess 
more junior trainees prior to real-world operating, as part of a train-to-proficiency 
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model. Barriers with respect to access, and the perceived lack of validity and fidelity 
of currently available simulator models, should be addressed before adoption of 
high-stakes SBA by training programmes. 
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2.6.1 Introduction 
 
Simulation is an established tool in the field of surgical education and training, with 
the safe transfer of simulator-acquired technical skill to the operating theatre 
demonstrated in several studies137 262 325. The role of simulation in the assessment of 
technical skill proficiency is less firmly established. The Colorectal Objective 
Structured Assessment of Technical Skill (COSATS) and the General Surgery 
Objective Structured Assessment of Technical Skill (GOSATS) are the most notable 
examples of simulation-based assessment applied in a high stakes summative 
setting14 15 18. 

 
Prior studies suggest that surgical trainers view simulation as a valid method of 
assessment271 272 276 278, while the perceptions of trainees regarding this concept are 
less well explored 271 280. The broader application of simulation-based assessment in 
high-stakes areas such as trainee entrustment51 69 272-274 276 277 279, certification274 275 
and trainee selection272 275 326 is controversial. Consensus recommendations from 
the Association of Surgeons in Training of the United Kingdom in Ireland highlight 
concerns regarding the potential impact of simulation-based assessment on trainee 
clinical exposure263. The current model of in-theatre training and assessment is 
reported to be satisfactory from a patient safety perspective in light of evidence 
demonstrating no adverse outcomes related to trainee involvement in operative 
cases128. Further concerns exist regarding the perceived inability of current 
simulators to meet the complexity and fidelity requirements for high-stakes 
assessment128.  
 
The aim of this study is therefore to address this identified literature gap, by 
assessing trainee and trainer perceptions towards current simulation-based 
assessment in surgical training. Participant responses are intended to guide future 
iterations of simulation-based assessment curricula.  
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2.6.2 Methods  
 
A survey tool was developed in line with the Association for Medical Education in 
Europe (AMEE) guide no. 87: Developing questionnaires for educational research 
(2014)327. A literature review was conducted in order to identify relevant prior 
research reporting the perceptions and experiences of trainees toward simulation-
based assessment of technical or operative skill328. A series of semi-structured 
interviews were then recorded with a heterogenous group of stakeholder 
representatives using an interview tool developed using the previous literature 
review329. Themes, sub-themes and codes identified from this interview series were 

synthesized with findings from a literature review to create draft survey items. Expert 
content validation of the draft survey tool was carried out by a surgical trainer with 
extensive experience in simulation-based education, an expert surgical educator and 
researcher with experience in surgical simulation, and the Quality Enhancement 
Office of the Royal College of Surgeons in Ireland. Cognitive interviews were 
conducted with 10 surgical trainees, recruited using purposive sampling, using 
concurrent think-aloud interviewing and verbal probing techniques330. The final 
survey items were then compared to the themes and codes emerging from the initial 
semi-structured interview series, with an agreement of >80% considered to indicate 
content validity. The RCSI Quality Enhancement Office acted as a gatekeeper, 
distributing and collecting anonymous data. The full survey items are available 
(Appendix 2.6.1, supplemental data) 
 
From each participant the following criteria were sought: surgical sub-specialty, level 
of training, and answers to questions provided, predominantly presented on a 6-point 
Likert scale  to reduce central tendency, from 1 (strongly disagree) to 6 (strongly 
agree)331. Internal validity was ascertained using Cronbach’s Alpha test of reliability, 
by analysis of questions pertaining to similar themes. A value of 0.6 or greater was 
considered to be an acceptable level of reliability. Quantitative analysis was 
performed using SPSS version 23 (IBM, California, USA). Responses to open 

response questions were analysed using reflexive thematic analysis332, according to 
an inductive, constructivist framework. A brief reflexivity statement follows:  CT (first 
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author) completed the Royal College of Surgeons in Ireland (RCSI) Core Surgical 
Training (CST) programme and is currently a higher specialist trainee (HST) in 
General Surgery. Annual simulation-based assessments of technical and non-
technical skill are part of the assessment curriculum at CST level; these 
assessments inform progression through to HST in a trainee’s chosen sub-specialty. 
CT has further undertaken a higher research degree in technical skill assessment, to 
which this work contributes. MM is a senior lecturer within RCSI, and has applied 
and research expertise in surgical education. DOK is currently Head of Surgical 
Research within RCSI, is a trainer of higher specialist and core surgical trainees, and 
is a general and colorectal surgeon. The authors are therefore familiar with the use 

of simulation as an assessment modality, and in particular with the simulation-based 
training and assessment programme administered by the Royal College of Surgeons 
in Ireland at the National Surgical Training Centre. 
 
2.6.3 Results: 
 
Fifty-four trainees completed the survey (response rate 14.4%). Mean responses to 
Likert scale items are outlined in Table 2.6.1. 
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Table 2.6.1: Mean responses to Likert items (1-6), where 1 = strongly disagree and 6 
= strongly agree.  
 
Item Mean SD 
I am confident that when I obtain my certificate of completion of training (CCT), I will 
be competent in performing the expected operative procedures in my specialty 
without assistance, including when managing complications 

4.51 1.25 

Current methods of operative competency assessment (procedure-based 
assessments, multiple consultant  reports, multi-source feedback and indicative 
number targets) are satisfactory as summative assessments of operative 
competence 

3.09 1.04 

Using simulation to assess operative competence is more objective than 
assessments performed in the operating theatre 

3.00 1.19 

Using simulation to assess operative competence is easier to standardise than 
assessments performed in the operating theatre 

4.03 1.27 

Simulation-based assessment is a more constructive way of receiving feedback or 
giving feedback to trainees than in-theatre assessments 

2.91 1.12 

Using simulation-based assessment to ensure trainees meet the minimum level of 
operative competency expected for their stage of training would allow in-theatre 
training time to be used more efficiently 

3.97 1.25 

A trainee’s performance in a simulated operative procedure is reflective of their 
performance in the operating theatre 

3.00 0.77 

Simulation is an accurate method of assessing whether a trainee knows the steps of 
a procedure 

4.80 1.16 

Simulation is an accurate method of assessing a trainee’s operative technique or skill 3.37 0.94 
Simulation is an  accurate method of assessing a trainee’s non-technical skills such 
as communication and teamwork 

3.34 1.37 

Simulation is an accurate method of assessing a trainee’s ability to perform an 
operative procedure under pressure 

2.49 0.85 

Simulation is an accurate method of assessing a trainee’s intra-operative decision-
making skills 

2.94 0.94 

Simulation-based assessment could be used to determine whether trainees meet the 
minimum operative competency level expected for their stage of training 

3.57 1.17 

Simulation-based assessment of operative competence can identify under-performing 
trainees 

3.49 1.19 

Simulation-based assessments can distinguish between trainees who meet operative 
competency expectations and trainees who exceed expectations 

2.89 0.90 

Using simulation-based assessment to ensure trainees meet the minimum operative 
competency level expected for their stage of training would have a positive impact on 
patient safety 

3.76 1.26 

Simulation-based assessment can accurately replicate the real-world operating 
theatre environment 

2.74 0.78 

Performance in simulation-based assessment can provide objective evidence of a 
trainee’s progression in operative competence over time 

3.83 1.22 

A human assessor is a better determinant of a trainee’s ability than simulator-
measured metrics (i.e. metrics recorded by a computer) 

4.20 1.16 

Simulator-measured metrics, recorded and assessed by a computer, are accurate 
methods of assessing operative competence 

2.91 0.79 

A trainee’s ‘logged hours’ spent using a simulator is reflective of a trainee’s operative 
competence 

2.49 0.82 

If simulation were to be used to assess a trainee’s operative competence, the models 
would need to have a very realistic appearance 

5.45 0.79 

If simulation were to be used to assess a trainee’s operative competence, the models 
would have to reflect real-world case variety 

5.42 0.79 
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If simulation were to be used to assess a trainee’s operative competence, it would be 
important for the simulation to reflect the real-world theatre environment 

5.24 1.06 

If simulation were to be used to assess a trainee’s operative competence, it would be 
important for the simulated models to handle like human tissue 

5.69 0.47 

The more senior the trainee being assessed, the more realistic the simulator model 
should be 

4.27 1.82 

Low-fidelity synthetic bench models (e.g. laparoscopic box trainers or bench-model 
suturing kits) are suitable for use in assessments of a trainee’s operative competence 

2.72 0.76 

High-fidelity synthetic bench models (synthetic replicas of anatomical models for 
surgical procedures) are suitable for use in assessments of a trainee’s operative 
competence 

3.52 1.12 

Animal models are suitable for use in assessments of a trainee’s operative 
competence 

3.58 1.22 

Virtual reality or computer-generated platforms (e.g. robotic/ laparoscopic/ 
endovascular platforms) are suitable for use in assessments of a trainee’s operative 
competence 

3.48 1.06 

Cadaveric models are suitable for use in assessments of a trainee’s operative 
competence 

4.15 1.30 

Simulation-based assessment is suitable for assessing a trainee’s competence in 
open surgery 

3.00 0.00 

Simulation-based assessment is suitable for assessing a trainee’s competence in 
Endoscopic surgery 

3.43 1.13 

Simulation-based assessment is suitable for assessing a trainee’s competence in 
Robotic surgery 

3.71 1.25 

If simulation were to be used to assess operative competence, it would suffice to 
simulate key steps of the procedure, and not necessarily the whole procedure 

3.77 1.20 

Simulation should be used to assess competence on a series of core, commonly 
encountered procedures 

4.16 1.19 

Simulation should be used to assess competence in rarely encountered, high-risk 
procedures 

3.87 1.61 

Technical ability is an important consideration when selecting trainees for higher 
specialist training 

4.23 1.33 

Using simulation-based assessment of operative competence to inform selection 
decisions for higher specialist training is fair 

3.19 1.30 

A trainee’s performance in simulation-based assessment should be used to decide 
how much autonomy trainees are granted in the operating theatre 

2.71 0.82 

Trainees should have to demonstrate competence on a simulated procedure before 
they can perform that procedure on a patient under supervision as the primary 
operator 

2.77 1.02 

Using simulation-based assessment to decide how much autonomy trainees are 
granted in the operating room would result in less operative exposure for trainees 

4.42 1.20 

Using simulation-based assessment to decide how much autonomy trainees are 
granted in the operating theatre would positively incentivize trainees to improve their 
operative performance 

3.26 1.21 

Using simulation-based assessment to decide how much autonomy trainees are 
granted in the operating room would positively impact upon patient safety 

2.97 0.98 

Using simulation-based assessment to decide how much autonomy trainees are 
granted in the operating room would improve trainee confidence 

3.32 1.19 

Simulation-based assessment should replace a trainer’s expert opinion regarding the 
appropriate amount of autonomy to give to a trainee 

2.00 0.97 

It is fair to use scores in simulation-based assessment, in conjunction with other 
assessments, to inform decisions on a trainee’s  progression to the next training year 

3.13 1.06 

Performance in simulation-based assessment of operative competence alone is 
insufficient when making decisions regarding a trainee’s progression to the next 
training year 

4.77 1.54 

It is more difficult to assess the operative competence of more senior trainees using 
simulation 

4.39 1.33 
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A trainee’s operative competence should be formally assessed at the end of training 4.62 1.27 
Simulation-based assessment could be used to inform decisions regarding a trainee’s 
operative competence at the end of training, in conjunction with other assessments 

3.39 1.42 

It is more ethical, from a patient’s perspective, to use simulation-based assessment 
than in-theatre operative cases to assess trainees at the end of training 

3.00 1.00 

Using simulation-based assessment to assess a trainee’s operative competence at 
the end of training is fair 

3.14 1.11 

Using simulation-based assessment alone is sufficient when making decisions 
regarding a trainee’s operative competence at the end of training 

1.68 0.86 

Simulators that I have experienced are suitable for use in simulation-based 
assessments informing decisions regarding selecting trainees for  higher specialist 
training 

2.43 0.99 

Simulators that I have experienced, are suitable for use in informing  decisions 
regarding how much autonomy trainees are granted in the operating theatre 

2.25 1.04 

Simulators that I have experienced are suitable for use in informing decisions 
regarding the progression of trainees through higher specialist training 

2.32 1.02 

Simulators that I have experienced are suitable for use in assessing a  trainee’s 
operative competence at the end of training 

1.96 0.96 

SD indicates Standard Deviation
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Trainees were confident that when they complete training, they will be competent 
performing the expected operative procedures in their specialty without assistance, 
including when managing complications (mean 4.51 ± 1.25), though were neutral as 
to whether current methods of operative competency assessments were satisfactory 
(3.09 ± 1.04). While respondents reported that simulation is an accurate method of 
assessing whether a trainee knows the steps of a procedure (4.80 ± 1.16), but were 
more neutral as to whether simulation was an accurate method of assessing a 
trainee’s operative technique or skill (3.37 ± 0.94) or non-technical skills such as 
communication or teamwork (3.34 ± 1.37). Trainees were less likely to agree that 
simulation is an accurate method of assessing a trainee’s ability to perform an 

operation under pressure (2.49 ± 0.85), or their intra-operative decision-making skills 
(2.94 ± 0.94). 
 
Trainees value model fidelity highly. Trainees responded that if simulation were to be 
used to assess a trainee’s operative competence, the models would need to have a 
very realistic appearance (5.45 ± 0.79), and that models would have to reflect real-
world case variety (5.42 ± 0.79). Furthermore, trainees reported that if simulation 
were to be used to assess a trainee’s operative competence, it would be important 
for the simulation to reflect the real-world theatre environment (5.24 ± 1.06) and that 
it would be important for the simulated models to handle like human tissue (5.69 ± 
0.47).  Trainees were sceptical regarding the use of SBA in autonomy granting 
decisions, disagreeing with the statement “Simulation-based assessment should 
replace a trainer’s expert opinion regarding the appropriate amount of autonomy to 
give to a trainee” (2.00 ± 0.97). While trainees agree that a trainee’s operative 
competence should be formally assessed at the end of training (4.62 ± 1.27), they 
were sceptical regarding the use of simulation for this purpose. Trainees disagreed 
with the statement: Simulators that I have experienced are suitable for use in 
assessing a  trainee’s operative competence at the end of training (1.96 ± 0.96). 
Responses to further Likert items are outlined in Table 2.6.1.  
 

Themes, sub-themes and exemplary quotes derived from thematic analysis from 
open response comments are outlined in Table 2.6.2.  
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Table 2.6.2: Themes, sub-themes and exemplary quotes generated from thematic 
analysis of open response comments: 
 
Theme Sub-theme Exemplary Quote 
Access as a barrier:  
Without significant 
investment in simulator 
technology, SBA could be 
seen as a barrier to training 

SBA is limited 
significantly by access 
to available resources 

“I have concerns about 
facilities to perform these 
and there being significant 
backlog preventing trainees 
from progressing 
 

 SBA could negatively 
impact on real-world 
assessment and 
training opportunities 

“May reduce real world 
teaching and assessment.” 

Perceived deficiencies in 
reliability: While SBA may 
be more standardisable 
than in-theatre 
assessments, the use of an 
unfamiliar assessor and a 
single time point impacts 
negatively on its perceived 
reliability 

One-off SBA is less 
reliable than repeated 
in-theatre assessment 

“should not replace regular 
ongoing assessment and 
opinion of the consultant 
trainers who will have 
worked with the trainee in a 
wide variety of settings over 
the course of the rotation.” 

 SBA is more reliable or 
standardisable than in-
theatre assessments 

“Can standardize 
procedures. Although 
surgical procedures are 
rarely standard.”  

Perceived deficiencies in 
Validity: The acceptability 
of SBA is limited by 
negative perceptions 
regarding its validity 

The fidelity of currently 
available simulators 
negatively impacts 
trainee's perceptions of 
their validity 

“I have not encountered 
tissue models that I think 
would be suitable to make 
high stake (i.e. 
progression/sign off) 
decisions on, and that 
includes cadaveric 
simulation”.  

 Trainees perceived a 
significant lack of 
construct validity related 
to SBA 

“usually  not reflective of 
real-life operative 
experience and therefore 
more appropriate as a 
training tool rather than for 
assessment […] should not 
replace regular ongoing 
assessment and opinion of 
the consultant trainers who 
will have worked with the 
trainee in a wide variety of 



 

 81 

settings over the course of 
the rotation.    

Train-to-proficiency: SBA 
would be acceptable for 
use prior to real world 
operating as part of a 
training to proficiency 
model 

SBA can be useful for 
assessing performance 
in rarely encountered 
procedures 

“Provides exposure to less 
commonly seen scenarios 
allowing for greater 
confidence if one finds 
themselves in that situation 
in vivo”  

 SBA is more useful for 
formative, rather than 
summative assessment 

“Allows for highlighting of 
areas where knowledge or 
skills are lacking.” 

 SBA is more useful in 
assessing trainees at an 
early stage of training 

“Simulation likely helpful in 
early stages of training     
?Less helpful as training 
progresses”  

 SBA is safe for patients “Low risk environment.  
Builds confidence.  Allows 
for development of skills and 
improves patient safety”. 

 SBA is useful in 
assessing whether 
trainees know the steps 
of a given procedure 

“You can get insight into 
whether or not the trainee 
knows the steps of the 
procedure”.  

 Simulation is more 
useful as a teaching 
modality than an 
assessment modality 

“ I think simulation is a very 
useful training tool: it should 
be formative not summative 
and I fundamentally 
disagree with using it in high 
stakes assessments”.  

 Simulation-based 
training to proficiency 
improves trainee 
confidence prior to real-
world performance of 
procedures 

“Simulation was very helpful 
when I was faced with doing 
a chest drain at 2am in the 
morning. I was able to recall 
the steps and perform the 
procedure safely.” 

 simulator-led 
proficiency-based 
progression could allow 
in-theatre training to be 
used more efficiently 

“more likely for trainee to 
actually do all of procedure 
rather than trainer taking 
over in interest of time”. 

SBA indicates Simulation-Based Assessment 
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Respondents were asked to respond to two open-response items: “What concerns 
do you have regarding the use of simulation-based assessment of operative 
competence in surgery?” and “What are the positive aspects of simulation-based 
assessment of operative competence in surgery?”. Sixty-nine unique responses 
were analysed. It emerged that limited access to simulators was perceived as a 
significant barrier to its use as an assessment modality. Trainees had ‘concerns 
about facilities to perform [SBA] and there being significant backlog preventing 
trainees from progressing’. This concern regarding progression was further reflected 
in responses highlighting the potential negative impact of SBA on real-world training 
opportunities, in particular that it “may reduce real world teaching and assessment”. 

While it was acknowledged by some respondents that SBA is easier to standardise 
when compared to workplace-based assessment, its use as a summative modality 
was hampered by the infrequency of SBA and the benefits of workplace-based 
observation in providing a longitudinal assessment of a trainee’s ability: “[SBA] 
should not replace regular ongoing assessment and [the] opinion of the consultant 
trainers who will have worked with the trainee in a wide variety of settings over the 
course of the rotation.” Of further concern to respondents was the perceived lack of 
fidelity of currently available simulators. One respondent commented - “I don’t think 
any simulation model currently adequately reflects operative skill sufficiently to make 
high stakes judgements on trainees based on them”. This was coupled with a belief 
that SBA was “usually  not reflective of real-life operative experience”.  
 
In spite of these negative perceptions and experiences of simulation-based 
assessment, trainees offer examples of instances where SBA could add value to 
surgical training (Figure 2.6.1).  
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Figure 2.6.1: Limitations of SBA, and methods for promoting its acceptable use in 
surgical training, generated from thematic analysis of open-response survey items.  
 
On thematic analysis, it emerged that SBA may be most useful in early surgical 

training, prior to in-person operating as part of a train-to-proficiency model, with a 
view to improving trainee confidence, promoting patient safety, and allowing in-
theatre training time to be used more efficiently. SBA was reported to provide 
“exposure to less commonly seen scenarios”, and “allows for highlighting of areas 
where knowledge or skills are lacking”. Its acceptable use in early surgical training 
appears coupled to the idea that SBA is most useful in gaining “insight into whether 
or not the trainee knows the steps of the procedure”.  
 
2.6.4 Discussion:  
 
Findings from this survey of Irish trainees suggest that simulation-based 
assessments are perceived to be more readily standardisable than workplace-based 
assessment. While trainees are confident regarding the ability of SBA to assess 
procedural knowledge, they are less so regarding its ability to determine competence 
in higher order skills such as communication and decision making. This may be 
associated with a perceived inability of SBA to identify high-performing trainees. 
Model fidelity is highly valued by trainees; acceptable simulations for assessment 

Limitations

Access
- Available resources 
- Potential impact on in-theatre 

experience

Perceived Reliability
- One-off assessment
- Though may be more easily 

standardisable 

Perceived Validity
- Model fidelity
- Perceived lack construct validity  

Early SBA as part of a train to proficiency model, 
prior to in-theatre operating 

- Assess performance in less commonly
encountered procedures

- Emphasize formative assessment 
- Use earlier in training 
- Promote patient safety 
- Train and assess using simulation
- Improve trainee confidence
- Use in-theatre time more efficiently, to build

upon skills learned and assessed in the simulated 
environment

Acceptable use
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purposes are likely those which closely approximate the complexity of real-world 
cases and the operating environment. Fidelity is perceived as being particularly 
important when assessing more senior trainees. Cadaveric models are perceived to 
be the most suitable for use in assessment. Trainees have concerns that increasing 
reliance on SBA could lead to reductions in real-world operative experience, and do 
not support its sole use in autonomy-granting decisions. Performance in SBA is 
deemed to be insufficient in deciding on progression through training when used in 
isolation. While trainees believe that operative skill should be formally assessed at 
the end of training, they do not believe that performance in SBA is sufficient when 
determining operative competence at this late training stage. Irish trainees do not 

believe that simulations they have encountered as part of their training are 
appropriate for use in making high-stakes training decisions such as trainee 
selection, autonomy granting, progression through training or end-of-training 
certification.  
 
The perceptions of key stakeholders regarding the value of simulation-based 
assessment of operative competence varies in the published literature. A number of 
survey-based studies have identified positive perceptions of programme directors 
across surgical disciplines toward simulation as an assessment modality270 271 276 278. 
Residents in further studies also report that simulation is a fair and effective method 
of assessment271, acknowledging its potential role in improving patient safety280. 
Residents and programme directors alike are less certain of its role in informing 
autonomy-granting decisions333, end-of training certification92, or trainee selection41. 
This current study further explores the perceptions and experiences of trainees 
towards SBA, suggesting targets for improvement in assessment in order to improve 
acceptability. A train-to-proficiency model could be employed, by exposing trainees 
to simulation early in training. Trainees could be trained and assessed to meet a pre-
defined standard prior to undertaking real-world operating. The formative aspect of 
SBA could be emphasised, with assessment conducted to promote patient safety, 
improved trainee confidence, and ensure that subsequent in-theatre training time 

was used more efficiently. Simulation-led training and assessment could provide an 
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opportunity for supervised, proficiency based deliberate practice in line with 
principles of spaced learning334.  
 
This study is limited by its sample size. Responses are from surgical trainees only 
and therefore may not represent the views of other key stakeholders such as 
surgical trainers and patients. This survey, however, provides detailed data 
regarding the factors which influence the acceptability of simulation as an 
assessment modality for surgical trainees, highlighting significant barriers that will 
need to be addressed prior to the adoption of such assessment modalities in high-
stakes training decisions such as those of trainee selection, progression, 

entrustment and certification. 
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Chapter 3: Validity evidence for objective technical aptitude assessment at the 
time of surgical trainee selection  

 
This chapter outlines the validity evidence for the objective assessments of technical 
aptitude used by the Royal College of Surgeons in Ireland’s (RCSI) multi-factorial 
selection process.  
 
Role of the thesis author:  
 
Mr Toale was the primary contributor to the study design and research question 
development for these studies, conducted the statistical analyses, drafted the initial 
manuscripts and produced the final versions.  
 
References: (published works contributing to this chapter):  
 
Toale C, Morris M, Ryan DM, Boland F, Doherty EM, Traynor OJ, Kavanagh DO. 
Baseline Assessments of Psychomotor Aptitude are Associated with the Future 
Operative Performance of Surgical Trainees A Prospective Observational Cohort 
Study. Ann Surg. 2022 Jul 15. doi: 10.1097/SLA.0000000000005565. Epub ahead of 
print. PMID: 35837886. 
 
Additional Material (unpublished work contributing to this chapter):  
 
Toale C, Morris M, Gross S, O’Keeffe D, Ryan DM, Boland F, Doherty E. Traynor 
OJ, Kavanagh DO. Performance at National Selection and Future Performance in 
Surgical Training (under review, JAMA Surgery) 
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3.1 Baseline assessments of psychomotor aptitude are associated with the 
future operative performance of surgical trainees 
 
Reference: Toale C, Morris M, Ryan DM, Boland F, Doherty EM, Traynor OJ, 
Kavanagh DO. Baseline Assessments of Psychomotor Aptitude are Associated with 
the Future Operative Performance of Surgical Trainees A Prospective Observational 
Cohort Study. Ann Surg. 2022 Jul 15. doi: 10.1097/SLA.0000000000005565. Epub 
ahead of print. PMID: 35837886. 
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3.2 Additional Material: Performance at National Selection and Future 
Performance in Surgical Training 

 

Reference: Toale C, Morris M, Gross S, et al. Performance in Irish Selection and 
Future Performance in Surgical Training. JAMA Surg. Published online March 06, 
2024. doi:10.1001/jamasurg.2024.0034 
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Chapter 4: Exploring the utility of an implemented simulation-based 
assessment designed to inform decisions on progression from Core Surgical 
Training to Higher Specialist training 
 
 
This chapter consists of  a series of manuscripts exploring the ways in which 
simulation-based training can integrate with, and complement, a workplace-based 
assessment curriculum. We first explore two identified pitfalls related to workplace-
based assessment of operative competence in the context of Irish Core Surgical 
Training: 1) Response process validity (i.e. the way in which workplace-based 
assessments are engaged with in a real-world context) and 2) the reliability of 
workplace—based assessment, particularly related to their use in determining a 
‘global’ impression of a trainee’s operative skill or competence level. 
 
In further supporting (unpublished) work presented herein, we explore the validity of 
an established assessment in Irish Core Surgical Training – the Operative Surgical 
Skill (OSS) examination, which contributes to decisions regarding progression from 
Core Surgical Training to Higher Specialist Training in the trainee’s chosen surgical 
specialty.  
 
Note: The validity and reliability of RCSI’s approach to programmatic assessment in 
Core Surgical Training has previously been explored by Ms. Dara O’Keeffe, 
Simulation Lead at the Department of Surgical Affairs at RCSI. Ms O’Keeffe’s MHPE 

thesis is available at  
 
https://indigo.uic.edu/articles/Evaluating_the_Validity_of_a_National_Multi-
Assessment_System_in_Postgraduate_Surgical_Training/12481124/files/23145071.
pdf 
 
Role of the thesis author:  
Mr Toale was the primary contributor to the study design and research question 
development for these studies, performed all data extraction and synthesis, drafted 
the initial manuscripts and produced the final versions.  
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References: (published works contributing to this chapter):  
 

Toale C, Nally DM, Ryan DM, Morris M, Kavanagh DO. How do Trainers and 
Trainees use Formative Workplace-based Assessments of Operative Competence to 
Deliver and Receive Structured Feedback? J Surg Educ. 2022 Mar-Apr;79(2):485-
491. doi: 10.1016/j.jsurg.2021.08.023. Epub 2021 Sep 28. PMID: 34593328. 
 

Toale C, Morris M, O'Keeffe D, Boland F, Ryan DM, Nally DM, Kavanagh DO. 
Assessing operative competence in core surgical training: A reliability analysis. Am J 
Surg. 2023 Jun 30:S0002-9610(23)00273-8. doi: 10.1016/j.amjsurg.2023.06.020. 
Epub ahead of print. PMID: 37481408. 
 
 
Additional Material (unpublished work contributing to this chapter):  
 
Toale C, Morris M, Kavanagh DO, O’Keeffe D. Prospective Validation of the 
Operative Surgical Skill (OSS) Examination: A Simulation-Based Assessment of 
Operative Competence for Core Surgical Trainees 
 
Toale C, Morris M, Kavanagh DO, O’Keeffe D. Comparing the Reliability of 
Simulation-Based  and Workplace-Based Assessments of Operative Competence in 
Core Surgical Training 
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4.1 Factors negatively impacting upon the reliability of workplace-based 
assessments of operative competence 

 

Reference: Toale C, Nally DM, Ryan DM, Morris M, Kavanagh DO. How do Trainers 
and Trainees use Formative Workplace-based Assessments of Operative 
Competence to Deliver and Receive Structured Feedback? Journal of Surgical 
Education. 2022 Mar-Apr;79(2):485-491. DOI: 10.1016/j.jsurg.2021.08.023. PMID: 
34593328. 
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4.2 Exploring the Number of Observations Required to Reliably Assess 
Operative Competence in Core Surgical Training 

 
Reference: Toale C, Morris M, O'Keeffe D, Boland F, Ryan DM, Nally DM, Kavanagh 
DO. Assessing operative competence in core surgical training: A reliability analysis. 
Am J Surg. 2023 Nov;226(5):588-595. doi: 10.1016/j.amjsurg.2023.06.020. Epub 
2023 Jun 30. PMID: 37481408. 
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4.3 Additional Material: Prospective Validation of the Operative Surgical Skill 
(OSS) Examination: A Simulation-Based Assessment of Operative 
Competence for Core Surgical Trainees 
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Abstract 
 
Introduction 
 
Simulation represents a standardisable approach to operative performance 
assessment. This study sought to prospectively collate validity evidence for the use 
of the Objective Surgical Skill (OSS) assessment in Core Surgical Training (CST), in 
the context of the national surgical training program of the Royal College of 
Surgeons in Ireland (RCSI).  
 

Methods  
 
Results of an annual sitting of the OSS assessment were analysed and collated 
according to Messick’s five sources of validity evidence. Analysis was conducted 
using SPSS software version 23 (IBM, California, USA).  
 
Results  
 
A total of 93 candidates undertook a four station operative skills assessment. The 
inter-rater reliability was acceptable (0.71) for the total score but poor for the global 
competence rater (0.49). Performance across 20 stations would need to be observed 
for the OSS examination to be reliably used as a summative measure of operative 
skill for high-stakes decisions. The station pass rate varied from 79.57% to 90.32% 
across stations.  
 
Conclusion 
 
Simulation-based assessment is feasible and can inform decisions regarding trainee 
progression as part of a programmatic approach to trainee assessment. 
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4.3.1 Introduction 
 
The traditional Halstedian of apprenticeship training in surgery has undergone 
significant revolution in recent decades1. Evolving patient expectations regarding the 
role of surgical trainees in their care2, an increased emphasis on theatre efficiency3, 
and well explored concerns regarding perceived operative competence and 
confidence of graduating trainees455, has led to a re-evaluation of the training 
paradigm. ‘Competency-based’ approaches to outcome-driven training and 
assessment are well established across training jurisdictions374 456, leading to the 
development of nominally time-independent postgraduate surgical programs9. The 

surgical specialties pose a unique challenge in this regard, due to the requirement 
for robust and reliable methods of teaching and assessing competence in operative 
skill10.  
 
The role of simulation in surgery has evolved in tandem with competency-based 
education12.  Simulation is commonplace in surgical training curricula 13, and is 
increasingly being deployed as a method of assessing a trainee’s competence. 
Studies have demonstrated the safe transfer of simulator-acquired operative skill to 
the operating theatre 16. Whether simulation-training ultimately translates to 
improved patient safety and surgical outcome measures has not yet been firmly 
established 17. Simulation has most notably been used in high-stake assessments 
through the implementation of the Colorectal Objective Structured Assessment of 
Technical Skill by the American Board of Colon and Rectal Surgery18. The Royal 
College of Surgeons in Ireland uses a multi-modal assessment framework to decide 
on trainee progression to higher specialist training in a surgical sub-specialty. This 
framework consists of workplace-based assessments, operative experience 
logbooks, end-of-rotation trainer evaluation reports, and a multi-station interview. 
Bothe technical and non-technical skills are also assessed using multi-station OSCE-
style assessments. One of these assessments, the ‘OSS’ or Operative Surgical Skill’ 
assessments, is a multi-station technical skill examination where core surgical 

trainees are assessed performing procedures or part-tasks using animal or synthetic 
models.  
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We hypothesise that the OSS is s a valid method of operative competence 
assessment for trainees undertaking core surgical training.  This study seeks to 
prospectively generate validity evidence for  a simulation-based assessment of 
operative competence used by the Royal College of Surgeons in Ireland to assess 
the operative competence of Core Surgical Trainees (CSTs). This assessment is 
designed for use at key stage of training; the transition from undifferentiated surgical 
training to further sub-specialty training. This study seeks to describe and collect 
validity evidence for the use of this assessment tool in accordance with Messick’s 
validity framework. Messick describes five sources of validity evidence:  Messick’s 

framework outlines five sources of validity evidence171. ‘Content validity’ describes  
relationship between the content of an assessment and the construct it is intended to 
measure457. The ‘Internal Structure’ validity includes evidence on the assessment’s 
internal consistency, as well as inter-rater reliability458. ‘Relationships with other 
variables’ are analysed via correlations with other assessments measuring operative 
competence, and traditionally using novice-expert comparisons457. ‘Response 
process’ evidence often consists of analyses of assessor or resident thoughts or 
actions during the assessment, assessment security or quality control, and evidence 
on rater training457. Evidence of the ‘consequences’ of an assessment refers to both 
beneficial and harmful effects on trainee performance, clinical outcomes and other 
trainee effects such as unintended stress or anxiety459. 
 
4.3.2 Methods 
 
4.3.2.1  Study design, setting and participants 
 
This study is reported according to the STrengthening the Reporting of 
OBservational studies in Epidaemiology (STROBE) guidelines349. The OSS is a 4-
station assessment which is undertaken at two time-points during CST; at the end of 
each training year (CT1 and CT2). This assessment is also used to assess 

candidates of the Royal College of Surgeons in Ireland Master’s in Surgical Science 
and Practice (MSSP) programme, which is undertaken by enrolled candidates prior 
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to undertaking dedicated post-graduate surgical training in the hospital context. 
These students therefore have limited real-life operative experience, though they 
undergo a simulation-based training curriculum in operative skill within RCSI. All 
candidates rotate through each  OSS station which is assessed by a single examiner 
using pre-defined procedure- or task- specific checklist, and the well-established 
OSATS tool460. Both of these tools are equally weighted and combined to produce a 
final score for each station. Procedures or tasks are derived from the simulation-
based training curriculum, and represent tasks and models which the candidates 
have been previously familiarized with, and which are deemed suitable for trainees 
at this level. In this iteration, stations were: Example checklists are provided 

(Appendix 4.3.1, supplemental data), A global, binary ‘competent/ not competent’ 
rater is also provided. This iteration of the OSS assessment recruited CSTs in their 
first year of training, and candidate of RCSI’s MSSP programme. The assessment 
took place in the National Surgical Training Centre of the Royal College of Surgeons 
in Ireland. All candidates partaking in this assessment in April 2022 were eligible for 
inclusion. Examiners and candidates were familiarized with the assessment tools 
and models prior to the date of assessment. Synthetic and animal models are those 
encountered by Core Surgical Trainees and MSSP students during their respective 
simulation-based teaching curricula. Ethical approval was granted by the University 
of Medicine and Health Sciences at the Royal College of Surgeons in Ireland. 
 
4.2.2.2  Study outcome measures 
 
Internal structure validity: Internal consistency reliability will be assessed by 
comparison of scores achieved in the OSS checklists with the global competency 
score. This will be performed using Spearman’s rho and Pearson correlation 
coefficients. Cronbach’s alpha will be used to assess for inter-item agreement 
between checklist items, providing further internal consistency validity for the OSS 
Assessment tool. A random selection of ___ bowel anastomosis stations were 
assessed by a second independent rater. Inter-rater reliability will be assessed using 

intra-class coefficients, and further explored using Generalizability theory (see 
detailed description under ‘statistical analysis’). Generalizability theory will be used to 
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explore the reliability of the OSS assessments. This first involves calculating the 
contribution of identified variables to overall score variance; this will be performed 
using the VARCOMP procedure in SPSS. Identified contributing variables are as 
follows: trainee variance, inter-station variance, cohort  variance, error. The ‘true’ or 
‘intended’ variance is then calculated for each assessment, and refers to the 
proportion of variance attributable to the trainee (i.e. due to varying ability of different 
trainees). This is calculated as (Trainee variance/ Trainee variance + all other 
sources of variance) and is called the ‘reliability co-efficient’ or ‘G’. G ranges from 0 – 
1, where 1 represents perfect reliability435. Simple mathematical modelling can then 
be performed in order to model G with increasing numbers of hypothetical stations. 

This is called a Decision study or ‘D-study’435. A fully crossed study design will be 
used. Trainee and stations will be considered as a random sample from an infinite 
universe.  
 
Relationships with other variables: Scores achieved will be compared to overall 
procedural numbers, as recorded in each trainee’s eLogbook, a prospectively 
maintained record of trainee operative experience). Assessment scores will also be 
explored in relation to current training year, and scores achieved in operative 
workplace-based assessments (SSAOP assessments).  It will not be possible to 
relate scores achieved to subsequent patient outcomes. Correlation with tests 
measuring different constructs (e.g. non-technical skill assessments) will not be 
measured. Comparisons will be made between groups; the CST (Core Surgical 
Training Group) who will have undertaken simulation-based training and have gained 
real-world operative experience, and the MSSP (Masters in Surgical Science and 
Practice) cohort who have undertaken intensive simulation-based training but will not 
have real-world operative experience.  
 
Consequences: Standard setting is conducted using a modified Angoff method; at 
pre-assessment rater training, consensus regarding the competence level of a 
‘borderline’ candidate is decided upon. A global rater of ‘competent’, ‘borderline’ or 

‘not competent’ is provided along with scores achieved in the OSATs/ checklist 
score. While this ‘global’ rater does not contribute to scores awarded, it is used to 
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produce a pass-fail cut-off score for each station using borderline linear regression 
methodology. Impact on downstream performance (e.g. downstream effects on PBA 
scoring, graduation rates, clinical performance or patient safety) was not measured 
as part of this study.  
 
4.3.2.3 Statistical Analysis  
 
Correlations between variables of interest will be explored using Spearman 
(continuous and ordinal/categorical variables) and Pearson (two continuous 
variables) coefficients.  Inter-rater reliability will be assessed using intra-class 

coefficients. Reliability will further be examined using Generalizability theory as 
outlined above. Borderline regression methodology is used to generate a pass-fail 
cut-off score for each station by plotting total scores achieved against the global 
rater, and identifying the score at the line of best fit achieved by ‘borderline’ 
candidates. Statistical analysis will be performed using SPSS software (IBM, USA) 
and Microsoft Excel (Microsoft, USA),  as outlined above under ‘study outcome 
measures’. A p value of <0.05 will be considered statistically significant. A correlation 
coefficient of 0 to 0.19 will be regarded as very weak, 0.2 – 0.39 as weak, 0.4 – 0.59 
as moderate, 0.6 – 0.79 as strong, and 0.8 – 1 as very strong365.  
 
4.3.3 Results 
 
A total of 93 candidates completed the OSS assessment in April 2022. Of these, 76 
were core surgical trainees in their first year of dedicated surgical training (CST1) 
while 17 were students enrolled in the Masters’ of Surgical Science and Practice 
(MSSP) programme. Achieved scores for each procedural station and total scores by 
cohort are outlined in Table 4.3.1.  
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Table 4.3.1: Scores for each station presented as mean ± standard deviation for each 
cohort (scored from 0 – 100). CST 1 indicates Core Surgical Trainees in Year 1, 
MSSP, Master’s in Surgical Science and Practice students. Station 1 = bowel 
anastomosis. Station 2 = wound closure (skin) and vessel ligation. Station 3 = 
Abdominal wound incision and closure with drain insertion. Station 4 = Laparoscopic 
Basic Skills Assessment. The total score is comprised of the sum of each station 
score, standardised on a scale from 0-25.  
 Station  

Group (N) Station 1 Station 2 Station 3 Station 4 Total 
CST1 (76) 82.81 ± 13.88 78.96 ± 12.34 84.87 ± 10.18 74.13 ± 17.04 80.19 ± 9.17 
MSSP (17) 77.86 ± 17.68 68.4 ± 10.96 81.52 ± 11.02 92.14 ± 7.79 79.98 ± 5.80 
Total (93) 81.91 ± 14.66 77.03 ± 12.72 84.26 ± 10.36 77.43 ± 17.21 80.16 ± 8.62 

 

4.3.3.1 Internal Structure Validity 
 
Table 4.3.2: Internal consistency. Correlations between score domains and associated 
significance levels are reported across the 4 OSCE stations. OSATS indicates 
Objective Structured Assessment of Operative Skill score, r, Pearson correlation 
coefficient, rs, Spearman’s rho, P, p-value. ** indicated that correlation is significant at 
the 0.01 level (2-tailed).  

Station 1     Station 2     
 1 2 3 4  1 2 3 4 
1. Checklist     1. Checklist     
2. OSATS r .62** 

P <.001 
   2. OSATS r .47** 

P <.001 
   

3. Total r .87** 
P <.001 

r .93** 
P <.001 

  3. Total  r .86** 
P <.001 

r .86** 
P <.001 

  

4. Global rs .73** 
P <.001 

rs .72**  
P <.001 

rs .76** 
P <.001 

 4. Global rs .61** 
P <.001 

rs .67** 
P <.001 

rs .71** 
P <.001 

 

Station 3     Station 4     
 1  2 3 4  1 2 3 4 
1. Checklist     1. Checklist     
2. OSATS r .63** 

P <.001 
   2. OSATS r .84** 

P <.001 
   

3. Total r .84** 
P <.001 

r .95** 
P <.001 

  3. Total r .96** 
P <.001 

r .96** 
P <.001 

  

4. Global rs .56** 
P <.001 

rs .51** 
P <.001 

rs .57** 
P <.001 

 4. Global rs .64** 
P <.001 

rs .62 
P <.001 

rs .65** 
P <.001 

 

 
Internal consistency data is presented in Table 4.3.2. Across all skills stations, 
significant correlations were observed between the checklist and OSATS domains, 
and between these domains and the total score awarded and global competence 
evaluation. Correlations ranged from moderate to very strong (Table 4.3.2). Variance 

estimates and Generalizability Coefficients (G) for one individual station are outlined 
in Table 4.3.3.  
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Table 4.3.3: Observed score variance attributable to inter-trainee variance, 
Var(trainee), inter-station variance, Var(Station), inter-cohort variance referring to CST 
vs MSSP candidates, Var(Cohort), the interaction between trainee and individual 
station variance, Var(trainee*station), and the residual variance attributable to error, 
Var(Error). G indicates generalizability coefficient scored 0-1. 
 
 Total score GRS Pass/ Fail 
Var(trainee) 34.92 0.03 0.02 
Var(Station) 10.64 0.00 0.00 
Var(Cohort) 0.00 0.01 0.00 
Var(trainee*Station) 161.04 0.25 0.11 
Var(Error) 0.00 0.00 0.00 
G (single 
observation) 

0.17 0.16 0.15 

 
 
 

 
Figure 4.3.1: Decision study. Increasing G-coefficient with increasing numbers of 
hypothetical stations.  
 
 
On ‘Decision-study’ modelling, i.e. mathematical modelling of the G-coefficient with 
increasing numbers of hypothetical OSCE stations, the total score (checklist and 
OSATS score equally weighted) was more reliable than the Global Rating Scale, and 
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similarly reliable when compared to the ultimate pass/ fail judgement awarded after 
regression analysis standard setting (Figure 4.3.1). A minimum of 12 stations/ 
observations scored using the total score (OSATS and Checklist) would be required 
to achieve a G of >0.7 (conventionally required for low-stakes assessment) and 20 
observations or stations to achieve a G of >0.8 (conventionally required for high-
stakes assessment).  Inter-rater reliability was compared with a random sample of 25 
observations (small bowel anastomosis station), scored by an independent second 
rater. Intra-class correlation coefficients were good for the total score (0.71) but poor 
for the Global Rater (0.49).  
 

4.3.3.2 Consequential Validity 
 
A pass-fail cut-off score was generated for each station using Borderline Regression 
Methodology (Figure 4.3.2). This resulted in a pass rate of 81.72% (76/93 
candidates) for station 1, 79.57% (74/93) for station 2, 90.32% (84/93) for station 3, 
and 88.17% (82/93) for station 4.  
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Figure 4.3.2: Borderline Regression analyses for each station. Total scores are 
standardised on a scale from 0-100. On the X-axis, a GRS score of 0 indicates 
incompetent/ fail, 1, borderline, and 2, competent/ pass. Where the line of best fit 
intersects with the ‘borderline’ score on the X-axis, a horizontal line indicates the pass-
fail cut off total score.  
 
4.3.4 Discussion 
 
A total of 93 candidates in early surgical training (76 first year core surgical trainees 
and 17 Master’s in Surgical Science and Practice candidates) undertook a four 
station operative skills OSCE. Moderate to very strong correlations were observed 
between score domains across stations. The inter-rater reliability was acceptable 
(0.71) for the total score but poor for the global competence rater (0.49). 
Performance across 20 stations would need to be observed for the OSS examination 
to be reliably used as a summative measure of operative skill for high-stakes 
decisions. The application of borderline-regression methodology resulted in the 
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production of a pass-fail benchmark of similar reliability to the total score. The station 
pass rate varied from 79.57% to 90.32% across stations. There was no significant 
difference in mean scores achieved by candidates on the MSSP programme and 
candidates undertaking Core Surgical Training.  
 
The simulation-based assessments of operative performance in this study are 
undertaken as part of a multi-modal assessment framework. Operative skill is also 
assessed through workplace-based assessments of operative performance, end-of-
rotation trainer evaluations and an electronic logbook which acts as a proxy measure 
of operative experience401. Further workplace-based and simulation-based 

assessments of non-technical skill are also undertaken during CST. The OSS 
assessment is undertaken at two time points; end of ST1 and end of ST2 (years 1 
and 2 of CST respectively). The reliability of a 4-station OSCE in isolation is 
insufficient for high-stakes assessment. However, it is important to consider the 
assessment in the broader context of multi-modal assessment using different raters, 
different time points and different methods. Simulation-based assessment could 
compliment workplace-based assessments in surgical training. Concerns regarding 
the opportunistic way that workplace-based assessments are used by trainees have 
been raised197 198 201 419. Further concerns exist regarding the subjectivity of these 
assessments197 198. As they take place in the workplace, however, they are less 
resource intensive than simulation-based assessments and can be conducted more 
frequently at serial time points in order to determine trends in performance or 
‘learning curves’111.  
 
Interestingly, no difference in scores was noted between the two cohorts enrolled in 
this study; candidates of RCSI’s MSSP (Master’s in Surgical Science and Practice) 
programme, and the CST (Core Surgical Training) programme. MSSP and CST 
candidates undertake simulation-based training. MSSP candidates are full time 
students within the RCSI National Surgical Training programme. They complete the 
same surgical skills curriculum as the CST trainees, though the two year CST 

programme is delivered over the course of one academic year. CST trainees will 
undertake the simulation-based surgical skills programme over the course of two 
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years. As part of their clinical duties in affiliated training hospitals, they will have in-
theatre operative experience. A more intensive simulation-based training curriculum 
delivered similar assessment performance scores to a less intensive course coupled 
with in-theatre training. Whether this is related to greater familiarisation with the 
simulation models or increased dedicated simulation teaching should be explored by 
future studies.  
 
There remain significant barriers to the implementation of simulation-based 
assessment. Simulation is resource intensive461. Trainees are required to take time 
from their clinical duties and travel to the National Surgical Training centre in order to 

be assessed. There are concerns regarding the ability of current simulation 
technology to replicate tasks or procedures to a sufficient degree of fidelity for skills 
assessment294 462. Cost-benefit analyses of simulation-based assessment in surgery 
are lacking463. Furthermore, the impact of assessment on trainee preparation time, 
stress or anxiety should be further assessed. Future studies should explore this 
aspect of consequential validity of the OSS assessment294.  
 
4.3.5 Conclusion 
 
This study reports validity evidence for the use of an objective simulation-based 
operative skills assessment in surgical training, designed to inform decisions on 
trainee progression. Such assessments are feasible but insufficient in determining a 
candidates level of operative skill to a degree of reliability facilitating high-stakes 
decisions. Simulation at this level should form part of a programmatic approach to 
trainee assessment.  
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4.4 Additional Material: Comparing the Reliability of Simulation-Based  and 
Workplace-Based Assessments of Operative Competence in Core Surgical 
Training 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 107 

Abstract  
 
Introduction 
Simulation-based assessments (SBAs) are more readily standardisable than 
workplace-based assessments (WBAs) which are prone to inter-case and inter-rater 
variance. This study seeks to compare the reliability of SBAs and WBAs in the 
assessment of operative competence of core surgical trainees in the Republic of 
Ireland.  
 
Methods  

In this prospective observational cohort study, the reliability of workplace-based 
Supervised Structured Assessments of Operative competence (SSAOPs) and 
simulation-based Objective Structured Clinical Examinations (OSCEs) were 
compared using generalizability theory.  
 
Results 
A total of 330 trainees completed 2,294 SSAOP and 995 OSCE station assessments 
from 2016 – 2021. Score variance attributable to individual trainee ability and 
procedure (or station) specific trainee ability was 12% and 57.14% for simulated 
OSCEs respectively, compared to  25% and 18.75% for in-theatre assessments 
(SSAOPS). Across repeated assessments, OSCE stations outperformed SSAOP 
procedural assessments in terms of reliability (t=27.92, df=99, p<0.0001) 
 
Conclusion 
Simulation is a more reliable assessment method than workplace-based assessment 
in evaluating the operative skill of core surgical trainees. This study supports the use 
of multi-modal assessment methods when measuring  a trainee’s operative 
competence.  
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4.4.1 Introduction 
 
In Ireland, structured postgraduate surgical training begins with two years of Core 
Surgical Training (CST), designed to prepare trainees for competitive progression 
onto a higher specialist surgical training programme (ST3-ST8). Core surgical 
trainees generally rotate through a 6-month rotation in general surgery, a further 6-
month rotation in a different surgical sub-specialty, and then a year-long rotation 
(ST2) in their chosen subspecialty. The operative competence of core trainees is 
assessed in a multi-modality fashion, using a combination of repeated workplace-
based assessments, structured simulation-based OSCE assessments and trainer 

evaluation reports.  
 
Workplace-based assessments of ‘live’ or in-theatre operative competence are 
performed using the Supervised Structured Assessment of Operative Performance 
(SSAOP) tool, which is generic (i.e. not procedure specific) and consists of a 
checklist score (from 0 -150) and an overall performance rater from ‘unable to 
perform basic operative steps without direction’ to ‘exceptional performance, could 
operate independently’ (Appendix 1, supplementary data). Simulation-based OSCEs 
(Objective Structured Clinical Examinations) are performed at the end of the first and 
second years of CST (ST1 and ST2). These multi-station OSCEs use a combination 
of synthetic and animal-tissue models to simulate procedures or part-tasks and are 
assessed using procedure-specific checklists developed in-house (Appendix 2, 
supplemental data) within the Royal College of Surgeons in Ireland464. A further 
global performance rater is scored as either ‘competent’, ‘borderline’ or ‘fail’. This 
global rater does not affect the checklist score but is used for generating pass/fail 
benchmarks through regression analyses.  
 
The reliability of a given assessment tool refers to the extent to which it reflects all 
possible measurements of the same construct435. The reliability of an assessment 
refers to the consistency of scores or decisions generated465.  It is known that 

multiple trained assessors, on multiple occasions across multiple cases,  is required 
to generate a reliable, objective impression of a trainee’s operative ability for 
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summative assessment purposes22 466. The reliability of a single observation is not 
particularly useful in practice; given the inherent variability in procedures, case 
complexity, and assessor variability (both inter- and intra-rater) a multi-modal 
assessment curriculum is usually required to produce a programme of assessment 
robust enough upon which to base decisions on training progression466 467. As 
simulation-based assessments are more readily standardisable468, we hypothesize 
that over repeated observations, OSCE stations will be more reliable than 
workplace-based assessments in providing an assessment of a trainee’s overall 
operative skill.  
 

The objective of this study is to compare the reliability of workplace-based SSAOP 
assessments and simulation-based OSCE assessments in the assessment of core 
surgical trainee operative competence using generalizability theory.   
 
4.4.2 Methods 
 
4.4.2.1 Study design, setting and participants:  
 
Findings of this prospective observational cohort study are reported according to the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
statement 2007349.  SSAOP assessments completed by surgical trainers for core 
surgical trainees from April 25th 2016 – February 26th 2021 were included. These 
assessments are completed through an online interface, msurgery.ie. Completed 
simulation-based OSCE assessments from 2016 – 2019 were also included. In-
person OSCE assessments could not take place in 2020 due to the COVID-19 
pandemic. Ethical approval was granted by the ethics committee of the University of 
Medicine and Health Sciences, Royal College of Surgeons in Ireland. 
 
4.4.2.2 Data sources/ Measurement:  
 

The SSAOP (Appendix 4.4.1) tool  assess the operative performance of core 
surgical trainees in the workplace. Assessments can be initiated by trainees or 
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trainers, and can be undertaken for any surgical procedure which the trainer 
considers appropriate for the specialty and the trainee’s year of training. Each 
SSAOP is scored by an observing surgical trainer using a ‘Total Checklist’ score and 
a global ‘Overall Performance’ score. The Total Checklist (TC) is scored out of a 
maximum of 150 marks across a number of domains: ‘Case difficulty’ and ‘degree of 
prompting or direction’ are scored on three-point ordinal scales, while ‘Pre-operative 
preparation’, ‘Operative Procedure’ and Post-Operative Care’ scores are summed 
using a 5-point Likert scale across 6, 14 and 1 checklist item(s) respectively. The 
global ‘Overall Performance’ score is awarded on a 5-point scale from 1 - ‘unable to 
perform basic operative steps without direction’ to 5  - ‘Exceptional performance, 

could operate independently’ (Appendix 1, supplementary data).  As this study is 
concerned with the use of the SSAOP as a measure of operative skill, only the intra-
operative domain of the Total Checklist score are included in analysis.  
 
Multi-station surgical skill OSCEs are undertaken annually during core surgical 
training. Each assessment consists of four stations evaluated by a trained assessor. 
Each station assesses a different surgical procedure or task using a high-fidelity 
synthetic or animal model. Stations are designed to assess core surgical skills 
expected of all trainees regardless of surgical subspecialty. The assessed skills are 
aligned with training outcomes of a two-year simulation-based training curriculum. 
Example stations include open varicose vein ligation, open inguinal hernia repair, 
vascular anastomoses, pleural drain insertion, small bowel anastomosis, and stoma 
formation. Assessments are scored using a procedure or task-specific checklist, with 
each item graded in a binary fashion as ‘done’ or ‘not done’, summed to provide a 
total score. Assessments are also scored using the validated OSATS scale by the 
same assessor469. The checklist and OSATs scores are equally weighted and 
summed to produce a total score for each station. A further ‘overall competence’ 
global rater  is also provided, graded as ‘Not competent/ Fail’. ‘Borderline’ or 
‘Competent/ Pass’. A modified Angoff standard setting method is used to define 
these benchmarks, conducted on the morning of each examination470. An example 

scoring rubric is provided in Appendix 2 (supplementary data).  
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4.4.2.3 Statistical methods: 
 
Assessment data were anonymized prior to analysis. Generalizability theory438 was 
used to analyse sources of measurement variance without the need for multiple 
experiments435 439. The reliability coefficient generated from this data can then be 
used to mathematically model the reliability of different test formats, for example 
multiple OSCE stations or multiple SSAOP assessments.  Furthermore, this 
modelling can  determine the number of assessments required to obtain a 
reproducible assessment of operative competence439.  
 

To complete the Generalizability (G) study,  variance component analysis was first 
performed. This allows for determination of the relative contribution of individual 
trainees to score variance, in comparison to other sources of variance such as inter-
station or inter-assessment variance and residual error. Analyses were performed for 
the operative domain Checklist Score of the SSAOP assessment and the procedure 
specific OSCE scores using the Minimum Norm Quadratic Unbiased Estimation 
(MINQUE) model in SPSS version 23 (IBM SPSS Statistics, Armonk, NY). A nested 
study design was used to determine the within-trainee effect of assessor stringency 
and case-to-case variation on scores; this acknowledges the fact that SSAOP 
assessment cases are unique to trainees438. The alternative - A fully crossed design 
- would require  the same trainees to be observed performing the same cases, and is 
therefore not possible when real-world theatre cases are used for assessment438.  
 
OSCE stations and SSAOP cases were treated as random samples from an infinite 
universe. Variance components were used to generate a reliability coefficient (G) for 
each assessment method, where G = true variance/ total variance. ‘True’ or intended 
variance refers to the variance in scores accounted for by the individual trainee’s 

ability. G is calculated on a scale from 0-1, with a value of ³0.70 conventionally 

considered sufficient for low-stakes  assessment (e.g. formative or non-graded 
assessments, or frequent assessments used to evaluate training programs), and 

³0.80 for high-stakes assessment (e.g. trainee progression or certification)442. 

Decision studies (or D-studies) were performed by modelling reliability analyses with 
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increasing numbers of OSCE stations or SSAOP procedural assessments in order to 

determine the minimum number of observations required to achieve a G of ³0.70 or 

³0.80, conventionally deemed acceptable for low-stakes and high-stakes 

assessment respectively438.  All statistical analyses were performed using SPSS 
software (SPSS version 23, IBM SPSS Statistics, Armonk, NY).    
 
4.4.3 Results:  
 
A total of 330 trainees submitted 2,294 SSAOP assessments, scored by 379 trainers 
during the study period. 180 of these trainees were also assessed across 995 
simulation-based assessment OSCE stations. 
 

Table 4.4.1: Number of analysed assessments with mean checklist scores. SSAOP = 
Supervised Structured Assessment of Operative Performance (workplace-based 
assessment of operative performance). OSCE = Objective Structured Clinical 
Examination. SD = Standard Deviation.  
 
Assessment 
modality 

Checklist Score 
(Standardised 0-1) 

 

SSAOP N 
Mean 
SD 
Range 

2294 
0.842 
±0.126 
0.175 - 1 

OSCE 
 

N 
Mean 
SD 
Range 

995 
0.737 
±0.200 
0 - 1 

 

4.4.3.1  Relative contributions of trainee ability and procedure performed to score 
variance 
 
The relative contribution of the trainee ability (Vt), procedure being assessed (Vp) , 
and procedure-specific trainee ability (Vt x Vp) to observed score variance in SSAOP 

and OSCE assessments is outlined in Table 4.4.2.  
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Table 4.4.2: Contribution of trainee ability, procedure/ station variance, and trainee 
procedure-specific competence to observed score variance.  
OSCE Assessments 
Source of Score Variance 

 Checklist score  
Variance (% of total) 

Trainee (Vt) Represents the contribution of 
individual trainee ability to 
observed score variance 

0.005 (12%) 

Procedure (Vp) Represents the contribution of 
individual case or station 
difficulty  

0.010 (24%) 

Trainee : Procedure (Vtp) Represents the contribution of 
trainee procedure-specific ability 
on observed sore variance  

0.024 (57.14%) 

Error (Ve) Residual error not accounted for 
by measured sources of 
variance 

0.003 (7.14%) 

G (reliability coefficient) of a 
single SSAOP assessment 

 0.12 

SSAOP Assessments 
Sources of Score Variance 

 Checklist score  
Variance (% of total) 

Trainee (Vt) Represents the contribution of 
individual trainee ability to 
observed score variance 

0.004 (25%) 

Procedure (Vp) Represents the contribution of 
individual case or station 
difficulty 

0.001 (6.25%) 

Trainee: Procedure (Vtp) Represents the contribution of 
trainee procedure- or station-
specific ability on observed sore 
variance 

0.003 (18.75%) 

Error (Ve) Residual error not accounted for 
by measured sources of 
variance 

0.008 (50%) 

G (reliability coefficient) of a 
single assessment 

 0.25 
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4.4.3.2 Decision studies  

 

 

Figure 4.4.1: Reliability co-efficient (G) of OSCEs and in-theatre (SSAOP) 
assessments with increasing numbers of stations (OSCE) or procedures observed 
(SSAOP). OSCE = Objective Structured Clinical Examination (simulation-based 
assessments of operative skill), while SSAOP = Supervised Structured Assessment 
of Operative Performance (workplace-based assessment).  
 
Decision studies were modelled with increasing numbers of procedural or station 
observations. The reliability coefficient of a single station observation (OSCE) was 
higher, at 0.25, than a single assessment of a given procedure in the workplace 
(SSAOP, G = 0.12). However, the reliability of OSCE stations were greater than 
SSAOP observations after ≥ 5 hypothetical procedural observations (Figure 4.4.1). 
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Across repeated assessments, the OSCE stations were more significantly more 
reliable than SSAOP procedural observations (t=27.92, df=99, p<0.0001).  
 
4.4.4 Discussion 
 
Over repeated observations, simulated OSCEs were a more reliable assessment of 
a trainee’s overall operative skill than in-theatre assessments. Neither assessment 
modality alone is sufficiently reliable, even with increasing numbers of observations, 
to produce reliability coefficients suitable for making high-stake decisions such as 
those regarding trainee progression or certification. These findings support the use 

of a multi-modal assessment framework in order to assess the operative 
competence of surgical trainees, using multiple assessment methods scored by 
multiple trained assessors on repeated occasions471. Furthermore, these findings 
emphasize the importance of repeated observations, regardless of the modality, in 
assessing operative skill472. The need for multiple stations must be balanced with 
feasibility considerations; OSCEs are time, personnel and cost-resource intensive473.  
 
Simulated and in-theatre assessments can provide complimentary roles in surgical 
training. In-theatre assessments can provide rapid, repeated evaluations, and when 
used correctly are indispensable in providing targeted post-procedural feedback to 
trainees, and monitoring improvements in performance over the course of training188. 
Repeated observations of a given procedure can establish trainee learning curves111, 
and in an ideal setting can be sufficiently reliable to evaluate a trainee’s procedure-
specific competence190. The inherent variety of in-theatre cases provides 
opportunities to observe a trainee’s technical ability, but also non-technical skill such 
as judgement and decision making474. The SSAOP tool, for example, contains an 
assessment item pertaining to trainee communication, and also contains domains on 
pre-operative and post-operative care (though these domains were not included in 
the above analyses which focused on trainees’ operative skill). The variety of theatre 
cases, however, also introduces significant variance into any workplace-based 

assessment, which limits the ability of these assessments to provide a ‘global’ 
evaluation of a trainee’s operative skill across procedures without large numbers of 
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repeated observations190 441. With this in mind, in-theatre assessments can only be 
used to assess competence in procedures that are performed sufficiently frequently 
by trainees in practice452. 
 
Simulation, by contrast, is easily standardisable; trainees can be observed 
performing the same procedure or task on the same model, by trained assessors 
under the same conditions. Unlike in-theatre assessments, which must rely on the 
availability of given cases in order to assess a given task, simulated assessments 
can be tailored to assess any procedure of interest, provided that a suitable model 
and tool exist. For example, simulation could be used to assess performance in low-

frequency, high-stakes procedures, or, as in this case, can be designed to assess 
performance in core skills expected of all trainees regardless of experience and 
intended sub-specialty. The standardisable nature of simulated-assessments has 
benefits in terms of reliability as outlined by this study, but also has implications for 
the response-process validity of an assessment framework; workplace-based 
assessments are not used in an ideal fashion, further limiting their reliability475. 
‘Gaming’ of the assessment system, or the use of workplace-based assessments in 
an opportunistic fashion, has been described by several studies of trainees in the 
United Kingdom430. Standardised assessments with sufficient exam security 
measures are less prone to these practices.  
 
Given the relative merits of each modality, a multi-faceted approach to assessment 
is warranted. Beyond this, given that the reliability of each modality increases with 
increasing numbers of observations, it is important that trainees are assessed on 
multiple occasions, across time points and with different trained  assessors. As part 
of the Royal College of Surgeons in Ireland’s Core Surgical Training Programme, 
trainees must submit a minimum of three SSAOP assessments per 6-month rotation. 
Simulated OSCE assessments are undertaken at the end of each training year, with 
four stations in each session (to a total of eight observations over two years).  
Limitations 
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The SSAOP tool measures operative competence across three domains; pre-
operative care, intra-operative care (procedural skill) and post-operative care. In 
order to produce a like-with-like comparison, only the intra-operative domain scores 
were included in the above analysis. The variance component analysis model used 
herein compares the reliability of a given station to assessments in a given 
procedure. There is likely significant variance in the SSAOP assessments introduced 
by other factors; case complexity and inter-assessor variance for example. These 
were not included in our Generalizability-theory (G-theory) model above, again in an 
attempt to compare included co-variants to those of the OSCE assessments, which 
are examined by a single assessor using a standardised model or ‘case’. These 

unassessed co-variants likely account for the variance associated with ‘error’ 
outlined in the above model. It is important to note that the number of assessments 
required to achieve a reliable assessment does not relate to the number of 
procedures that a trainee needs to perform before they are competent.  
 
4.4.5 Conclusion 
 
With repeated observations, readily standardisable simulated-OSCEs are a more 
reliable measure of a trainee’s overall operative skill. In-theatre assessments and 
simulated assessments have relative merits and examine different, though related, 
constructs. Neither modality is sufficiently reliable, even with multiple observations, 
to provide a summative judgement of a Core Surgical Trainee’s operative 
competence. This study therefore supports the use of a multi-modal assessment 
framework, with multiple observations conducted on multiple occasions by  multiple 
trained assessors.  
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Chapter 5: Development of a novel simulation-based assessment designed to 
evaluate operative competence in senior general surgery trainees  
 

This chapter outlines the process for developing a novel simulation-based 
assessment of operative competence for Higher Specialist Trainees in General 
Surgery, and subsequent pilot testing and validity evidence generation according to 
Messick’s validity framework. Issues regarding the acceptability of a high-stakes 
simulation-based assessment are further explored using a series of focus groups 
and semi-structured interviews. 
 
Role of the thesis author:  
 
Mr Toale was the primary contributor to the study design and research question 
development for these studies, conducted the related literature searches, performed 
all data extraction and synthesis, drafted the initial manuscripts and produced the 
final versions. Furthermore, he conducted the series of semi-structured interviews 
and focus groups, conducted the thematic analysis of transcribed data, developed 
the survey items for subsequent distribution, analysed the returned data, and drafted 
the draft and final manuscripts.  
 
References (published works contributing to this chapter):  
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Generating a prioritised list of operative procedures for simulation-based assessment 
of General Surgery Trainees through consensus (Accepted for publication, Annals of 
Surgery) 
 
Toale C, Morris M, Kavanagh DO. Training and assessment using the LapSim 
laparoscopic simulator: a scoping review of validity evidence. Surg Endosc. 2023 
Mar;37(3):1658-1671. doi: 10.1007/s00464-022-09593-0. Epub 2022 Sep 19. PMID: 
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assessments of operative competence? A qualitative analysis. Global Surg Educ 2, 
83 (2023). https://doi.org/10.1007/s44186-023-00161-1 
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5.1 Generating a prioritised list of operative procedures for simulation-based 
assessment of General Surgery Trainees through consensus 
 
Reference: Toale C, Morris M, Konge L, Nayahangan LJ, Roche A, Heskin L, 
Kavanagh DO. Generating a Prioritised List of Operative Procedures for Simulation-
Based Assessment of General Surgery Trainees through Consensus. Ann Surg. 
2023 Oct 9. doi: 10.1097/SLA.0000000000006118. Epub ahead of print. PMID: 
37811854. 
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5.2 Training and Assessment using the LapSim Laparoscopic Simulator: A 
Scoping Review of Validity Evidence 
 

Reference: Toale C, Morris M, Kavanagh DO. Training and assessment using the 
LapSim laparoscopic simulator: a scoping review of validity evidence. Surg Endosc. 
2022 Sep 19. doi: 10.1007/s00464-022-09593-0. Epub ahead of print. PMID: 
36123545. 
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5.3. Additional Material: Development and Validation of a Simulation-Based 
Assessment of Operative Competence for Higher Specialist Trainees in 
General Surgery 
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Abstract  
 
Background  
 
Simulation is increasingly being explored as an assessment modality. This study 
sought to develop and collate validity evidence for a novel simulation-based 
assessment of operative competence. We describe the approach to assessment 
design, development pilot testing and validity testing.  
 
Methods  

 
Eight procedural stations were generated using both virtual reality and bio-hybrid 
models. Content validity was derived from a previously conducted Delphi consensus 
study of trainers.  Trainee performance was scored using an equally weighted 
Objective Structured Assessment of Technical Skills (OSATS) tool and a modified 
Procedure Based Assessment (PBA) tool. Validity evidence was analysed in 
accordance with Messick's validity framework. Both 'junior' (ST2 - ST4) and 'senior' 
trainees (ST 5 - ST8) were included to allow for comparative analysis. 
 
Results  
 
Thirteen trainees were assessed by ten assessors across eight stations. Inter-station 
reliability was high (α = 0.81), and inter-rater reliability was acceptable (inter-class 
correlation coefficient 0.77). A significant difference in mean station score was 
observed between junior and senior trainees (44.82 vs 58.18, p = .004), while overall 
mean scores were moderately correlated with increasing training year (rs  = .74, p = 
.004, Kendall’s tau-b .57, p = 0.009). A pass-fail score generated using borderline 
regression methodology resulted in all 'senior' trainees passing and 4/6 (66.66%) of 
junior trainees failing the assessment.  
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Conclusions  
 
This study reports the validity, reliability and feasibility evidence for a novel 
simulation-based assessment, designed to assess the operative competence of 
higher specialist trainees in general surgery.  
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5.3.1 Introduction  
 
The traditional Halstedian apprenticeship training model  in surgery has undergone 
significant revolution in recent decades1. Evolving patient expectations regarding the 
role of surgical trainees in their care2, an increased emphasis on theatre efficiency3, 
and well explored concerns regarding the perceived operative competence and 
confidence of graduating trainees4-6, has led to a re-evaluation of this training 
paradigm. ‘Competency-based’ approaches to outcome-driven training and 
assessment are well established across training jurisdictions7 8, leading to the 
development of nominally time-independent postgraduate surgical programmes9. 

The surgical specialties pose a unique challenge in this regard, due to the 
requirement for robust and reliable methods of teaching and assessing competence 
in operative skill10.  
 
From August of 2021, surgical training in Ireland and the United Kingdom (UK) has 
become explicitly outcomes-based11. Trainees are measured against high level 
outcomes,(i.e. ‘Capabilities in Practice’). Some trainees who demonstrate 
accelerated development may complete training more rapidly than the indicative 
time11. In order to transition to a truly competency-based, time-independent training 
paradigm, operative skill will need to be assessed using objective, standardised, and 
validated approaches. The primary tool for measuring operative competence 
remains the Procedure-Based Assessment, a workplace-based procedure-specific 
assessment tool190. Though this tool has accrued substantial validity evidence, 
concerns exist regarding the opportunistic way in which these assessments are 
undertaken by trainees, as well as their potential for rater subjectivity559. Operative 
experience targets, though a traditional proxy measure of operative competence, 
have been de-emphasised in the updated curriculum, and lack validity evidence in 
the UK and Irish context559.  
 
The role of simulation-based training and assessment in surgery has evolved in 

tandem with competency-based education12.  Simulation is commonplace in surgical 
training curricula13, and is increasingly being deployed as an assessment modality 14 
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15. Simulation has most notably been used in high-stake assessments through the 
implementation of the Colorectal Objective Structured Assessment of Technical Skill 
(COSATS) by the American Board of Colon and Rectal Surgery14 18. Such 
simulation-based assessments have not yet been used in a high-stakes setting for  
higher specialist training in Ireland or the United Kingdom to date. We hypothesise 
that simulation could be used as a reliable, valid, objective and standardisable 
method of summative operative competence assessment for trainees undertaking 
higher specialist training in general surgery.  
 
This study sought to develop and validate a proposed simulation-based assessment 

of operative competence based on the Joint Committee on Surgical Training (JCST) 
/ Intercollegiate Surgical Curriculum Programme (ISCP) curriculum in general 
surgery. Herein we describe the approach to assessment design, development and 
pilot testing, and report on the validity of this assessment in line with Messick’s 
validity framework171.   
 
5.3.2 Methods 
 
5.3.2.1 Initial development of the assessment framework 
 
The approach to assessment development and validation was derived from a primer 
for the validation of simulation-based educational assessment published by Cook &  
Hatala (2016)173. The primary interpretation of the intended construct was defined 
as: “learners have operative skill sufficient to operate safely as an independent 
practitioner in General Surgery”. With reference to the JCST/ISCP curriculum, this 
construct relates to the following Capabilities in Practice (CiPs), Generic Professional 
Capabilities (GPCs) and syllabus requirements: ‘manages an operating list’ (CiP), 
‘professional skills’ (GpC) and both ‘technical skills – general’ and ‘technical skills – 
index procedures’ (syllabus). The intended decision related to this examination was 
derived through an iterative process of literature review500, semi-structured 

interviews with key stakeholder representatives40, and a national survey of surgical 
trainees regarding their perceptions and experience of simulation-based assessment 
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(unpublished data). The scores achieved in this assessment were designed to 
inform, as part of a multi-faceted assessment framework, whether a given trainee 
has sufficient procedural competence to proceed to the next stage of training or 
independent practice.  
 
This assessment was designed based on the well-established Objective Structured 
Assessment of Technical Skill (OSATS) examination460 as followed by other high-
stakes simulation-based assessments14 18. Therefore, the initial design of this 
assessment was that of a time-limited 8-station framework460.  Operative procedures 
for use in this assessment were selected using a modified Copenhagen Academy for 

Medical Education and Simulation Needs Assessment Framework (CAMESNAF)482. 
This resulted in a prioritised list of procedures suitable for simulation-based 
assessment of general surgery trainees at the end of phase 2 (ST6), from which 8 
were chosen for inclusion in the assessment model.  
 
5.3.2.2 Assessment Instruments 
 
Performance was assessed at each station using a modified Procedure-Based 
Assessment  (PBA) tool (consisting of a task specific checklist and a global rating 
scale)560 and the OSATS tool561. The PBA tool has accrued substantial validity 
evidence since its adoption by the JCST559 for operative skill assessment. The 
OSATS tool is the most commonly used tool in surgical assessment research562. The 
PBA tool consists of a procedure-specific checklist containing pre-, intra- and post-
operative domains, along with a global rater from 1a – 4b. Due to time and feasibility 
constraints, key component tasks, rather than entire procedures, were simulated for 
assessment in some stations. For this reason, the intra-operative domain of the PBA 
tool was adapted by a steering group of simulation and surgical education 
researchers (CT, MM, DOK). The modified PBA checklists were trialed by a 
consultant surgeon and surgical trainee to ensure that they could be completed on 
the proposed stations in the indicated time frame. Data from this trial was not 

included in subsequent analysis. As assessment tool modifications can have impacts 
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on their validity, this study also seeks to generate validity data for these modified 
tools.  
 
The LapSimTM simulator was used to assess performance in three of the eight 
stations. This simulator reports a number of computer-measured metrics (Appendix 
5.3., supplementary data). LapSimTM recorded metrics did not contribute to 
candidate scores, though statistical analyses are reported herein.  
 
5.3.2.3 Participants  
 

Previous literature has suggested that 8 stations provides a reliable indicator of 
performance in a multi-station OSCE460. Sample size was determined based the 
number of participants required to demonstrate a difference in outcomes between 
‘senior’ and ‘junior’ general surgery trainees (trainees in their last or first four years of 
surgical training respectively). Studies reporting mean PBA scores awarded with 
standard deviations are lacking since the introduction of a revised global rating scale 
in 2017559. Furthermore, a novel, modified PBA tool for use in simulation-based 
assessment is being used in this study. For this reason, power calculations were 
performed using the OSATS tool. Sample size was determined based on anticipated 
differences in overall scores across the 8-station OSCE format, and not at the 
individual station level. Mean OSATS scores and standard deviations were derived 
from a prior study using a simulation-based assessment to assess surgeons at the 
end of training (mean score 0.75, SD 0.06)563. Assuming that a score difference of 
20% or more was a relevant difference between groups, a sample size of 6 
participants per assessment group was sufficient to minimize the risk of a type II 
error  (α = 0.05).  
 
5.3.2.4 Procedure 
 
Ethical approval was granted by the University of Medicine and Health Sciences at 

the Royal College of Surgeons in Ireland. The assessment took place at the National 
Surgical Training Centre, Royal College of Surgeons in Ireland, which contains a 
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purpose-built ‘wet lab’ for simulation-based technical skills training and assessment. 
Examiners were  familiarized with the format, tools and models prior to the 
assessment, and pre-assessment standard setting was conducted using a modified 
Angoff method564. Candidates were informed of the assessment format in a 30-
minute briefing session prior to commencement. This orientation session also 
allowed for introduction to the virtual reality models used (LapSim, Surgical Science, 
Sweden).  Examiners were not informed of the trainee’s level of training. Stations 
utilized a combination of bio-hybrid models (ileostomy reversal, operative 
management of a fistula-in-ano, pilonidal sinus excision, ventral hernia repair, 
emergency laparotomy and management of a blunt liver injury) and virtual reality 

models (laparoscopic appendicectomy, laparoscopic cholecystectomy, and right 
hemi-colectomy - vessel ligation). The LapSim simulator (Surgical Science, Sweden) 
was chosen for use in the virtual reality stations given the substantial validity 
evidence published with respect to its use in training and assessment463. Candidates 
rotated through the stations and were assessed by a single assessor using the 
modified PBA and OSATs tools. Two stations (ileostomy reversal and emergency 
laparotomy) were also scored by a second, independent rater. Performance in each 
station was video-recorded in an anonymised fashion for quality assurance 
purposes. Scores were entered immediately to a secure database (QPERCOM). 
Instructions regarding the procedure or task to be completed were given to 
participants before each station.  
 
5.3.2.5 Statistical Analysis  
 
Validity evidence was collated according to Messick’s validity framework171. Internal 
consistency was assessed using Cronbach’s alpha. Inter-rater reliability was 
calculated using intra-class correlation coefficients. Reliability was further explored 
using generalizability theory565; variance component analysis was used to determine 
the relative contribution of trainees, assessors and stations to observed score 
variance allowing for the estimation of the ‘true’ or ‘intended’ variance, i.e. the 

proportion of score variance attributable to individual trainees. For the purpose of this 
analysis, trainees, assessors and stations were thought of as a sample from an 
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infinite universe of potential trainees, assessors and stations102. The Consequential 
validity evidence was explored by generating a pass-fail cut-off score, using 
borderline regression methodology566: A linear regression model was used to plot the 
global competency score against both OSATS and PBA checklist scores. The global 
score representing the ‘borderline’ candidate was inserted into the linear equation, 
and the corresponding total OSATS and PBA checklist scores were extrapolated, 
representing the true pass score for each station. The pass score for the assessment 
as a whole was the sum of the pass scores for each station. OSATS and modified 
PBA scores were equally weighted. Group comparisons were performed using χ2 
analysis. Relationships with other variables (training year) were performed using 

Pearson correlation coefficients.  
 
5.3.3 Results  
 
Thirteen candidates undertook the assessment across eight 15-minute stations. 
Candidates were divided into ‘junior’ trainees in their first 4 years of surgical training 
(ST1 – ST4, N = 6) and ‘Senior’ Trainees in their last 4 years of training (ST5 – ST8, 
N = 7) Mean scores awarded are outlined in Table 5.3.1.  
 
Table 5.3.1: Mean scores awarded across assessment stations. Station 1 – fistula in 
ano, 2 – ileostomy closure, 3 – right hemi-colectomy (vessel ligation), 4 – pilonidal 
sinus excision, 5 – ventral hernia repair, 6 – laparoscopic appendicectomy, 7 – 
emergency laparotomy (blunt liver trauma), 8 – laparoscopic cholecystectomy. SD 
indicates Standard Deviation. A competency rater score of 0 indicates a ‘fail/ not 
competent’ score, 1 indicates ‘borderline’ and 2 indicates a ‘pass/ competent’ score. 
PBA Global rater scores range from 0 – 8 (see supplemental data).   
 

Station Mean Standardised 
PBA Score (SD) 

Mean OSATS  
(SD) 

Mean Total 
Score (SD) 

Mean PBA Global 
Rater  
(SD)  

Mean competency 
rater 
(SD) 

1 26.65 (± 6.15) 25.08 (± 4.39) 51.73 (± 10.29) 5.46 (± 0.88) 1.62 (± 0.65) 
2 30.24 (± 6.74) 30.76 (± 5.96) 61.01 (± 12.41) 6 (± 1.58) 1.38 (± 0.65)  
3 29.72 (± 7.68) 25.07 (± 4.65) 54.79 (± 11.35) 5.84 (± 1.68) 1.77 (± 0.44) 
4 13.83 (± 11.59) 23.54 (± 7.86) 37.37 (14.64) 5.69 (± 1.75)  1.00 (± 1.00) 
5 26.56 (± 7.33)  26.17 (± 3.07) 52.73 (± 10.25) 5.42 (± 1.24)  1.42 (± 0.90) 
6 27.12 (± 12.85) 30.69 (± 4.21) 57.82 (± 15.21) 5.62 (± 1.66) 1.69 (± 0.63) 
7 17.5 (± 8.36) 21.31 (± 3.95)  38.81 (± 12.21)  3.54 (± 2.29)  0.46 (± 0.78) 
8  31.41 (± 5.52) 32 (± 4.51)  63.41 (± 9.02)  6.83 (± 1.80_  1.92 (± 0.29) 
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5.3.3.1 Content Validity 
 
Processes for the development of stations, examination content, score checklists 
and models are outlined above under ‘Methods’.  
 
5.3.3.2 Internal structure validity 
 
Inter-station reliability for the total score awarded was assessed using Cronbach’s 

alpha (a), calculated as 0.81 for the assessment overall. Removing station 

1(management of a fistula-in-ano) would result in a higher a (Table 5.3.2).  

 
Table 5.3.2: Cronbach’s alpha. PBA indicates Procedure-Based Assessment tool, 
OSATS, Objective Structured Assessment of Technical Skill. 
 
Score a 
PBA 0.68 
OSATS 0.85 
Total Score 0.81 
PBA global rater 0.81 
Competency rater 0.71 

 
Internal consistency of individual assessment tools is outlined in Appendix 5.3.2, 
supplementary data. Correlations between individual station scores and the total 
score, and between scores awarded at each station, are reported in Appendix 5.3.3 
and Appendix 5.3.4 (supplementary data).  
 
Inter-rater reliability was assessed for two stations: emergency laparotomy (Station 
7) and ileostomy reversal (Station 2). On intra-class correlation coefficient analysis, 
inter-rater reliability was 0.77. Individual station scores variably correlated with the 
total score awarded (Table 5.3.3). Using Generalizability Theory, a reliability 
coefficient (G) of 0.7 was calculated for the overall 8-station  assessment. Fourteen 

hypothetical stations would be required to increase the reliability coefficient to >0.8. 
Further data relating to the model construction and variance component analysis is 
outlined in Table 5.3.3. 



 

 132 

Table 5.3.3: Correlation (Pearson) between individual station scores and total scores 
awarded. r indicates Pearson correlation coefficient, p, p-value, *, p<0.05, **, 
p<0.005, ***, p<0.0005 
 
Station 1 2 3 4 5 6 7 8 
r 
p 

.48 

.10 
 

.66 

.02 
* 

.63 

.02 
* 

.69 

.01 
* 

.54 

.07 
* 

.89 
<.001 
*** 

.84 
<.001 
*** 

.57 

.06 

 
5.3.3.3 Relationships with other variables.  

 
A significant difference in mean station score was observed between ‘Junior’ and 
‘Senior’ trainees (44.82 vs 58.18, p = .004) (Figure 5.3.1). Mean scores were 
moderately correlated with increasing training year  (rs  = .74, p = .004, Kendall’s 
tau-b .57, p = 0.009) (Figure 5.3.2).  
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Figure 5.3.1: Difference in mean scores achieved by ‘Junior’ (ST2 – ST4) trainees, 
and ‘Senior’ (ST5 – ST8) trainees. 
*** indicates p<0.005 

 

Figure 5.3.2: Relationship between training year and mean score obtained 
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At an individual station level, five of eight stations could differentiate between ‘Junior’ 
and ‘Senior’ trainee candidates (Table 5.3.4).   
 
Table 5.3.4: Mean score differences for ‘Junior’ vs. ‘Senior’ trainees across individual 
stations.  
 
Station Group Mean 

Std. 
Deviation 

Sig. (2-
tailed) 

1. Fistula-in-ano Junior 45.4722 9.12105 .035 
Senior 57.0952 8.35378  

2. Ileostomy closure Junior 52.6944 14.47427 .017 
Senior 68.1429 2.24522  

3. Right hemi-colectomy Junior 47.4038 12.21871 .022 
Senior 61.1319 5.63641  

4. Pilonidal sinus excision Junior 32.0530 10.95141 .241 
Senior 41.9221 16.62621  

5. Ventral hernia repair Junior 49.9167 10.40032 .367 
Senior 55.5417 10.19978  

6. Laparoscopic 
appendicectomy 

Junior 46.4551 15.99882 .006 
Senior 67.5659 3.11505  

7. Emergency laparotomy (blunt 
liver trauma) 

Junior 28.2083 4.13017 .000 
Senior 47.8929 8.70474  

8. Laparoscopic 
cholecystectomy 

Junior 59.7538 10.96857 .254 
Senior 66.0220 7.06335  

 
 
A number of simulator-measured metrics were further recorded for the three 
laparoscopic skills (LapSimTM) stations ( Appendix 5.3.1, supplementary data). 
Correlations between simulator- and assessor- recorded metrics are outlined in 
Appendices 5.3.5, 5.3.6 and 5.3.7 (supplementary data). Performance metrics as 
measured by the LapSim were not consistently associated with performance as 
scored by trained assessors. Similarly, LapSim metrics did not consistently 
discriminate between junior and senior trainees.  
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5.3.3.4 Response process validity  
 
Video capture was used for quality control purposes. Rater training was conducted 
before the assessment. All assessors were registered consultant surgeon trainers 
with the Royal College of Surgeons in Ireland.  
 
5.3.3.5 Consequences 
 
A pass-fail standard for each station was generated using borderline regression 
methodology (Figure 5.3.3).  

 

 

Figure 5.3.3: Generation of a pass-fail benchmark 
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Passing scores and passing rates for individual stations are outlined in Table 5.3.5.  
 
Table 5.3.5: Borderline regression passing scores and passing rates. SD indicates 
Standard Deviation 

Station  Mean score (SD) Passing score Passing rate (%) 
1 – Fistula-in-ano 51.73 (± 10.29) 44.38 69.23 
2 – Ileostomy closure 61.01 (± 12.41) 55.31 76.92 
3 – Right hemi-colectomy 54.79 (± 11.35) 38.73 84.62 
4 – Pilonidal sinus excision  37.37 (± 14.64) 37.36 30.77 
5 – Ventral hernia repair  52.73 (± 10.25) 48.33 66.67 
6 – Laparoscopic appendicectomy  57.82 (± 15.21) 50.30 76.92 
7 – Emergency laparotomy  38.81 (± 12.21) 46.09 30.77 
8 – Laparoscopic cholecystectomy 63.41 (± 9.02) 43.88 100 
Total Score 52.01 (± 8.36) 44.82 69.23 

 
There was no difference in the pass rate (9/13, 69.23%) when using a compensatory 
model (where the candidate can fail an unlimited number of stations once the overall 
pass mark is achieved) or a conjunctive model (where the candidate is required to 
achieve the overall pass mark and pass at least 50% of stations). Either method 
resulted in all ‘senior’ trainees passing, and 2/6 (33.33%) of ‘junior’ trainees passing. 
Only one trainee passed all eight stations. 
 
5.3.3.6 Feasibility: 
 

Two rounds of assessment were conducted. Each session was conducted over 2 
hours. Models and required equipment for open stations cost an estimated €4,680, 
though much of the reusable equipment was already available within the simulation 
laboratory at RCSI. Rental and support costs for the LapSim laparoscopic simulators 
were €4,305. Staffing costs were estimated at an additional €4,000, bringing the 
estimated cost of the assessment to €12,985.  
 
5.3.4 Discussion 
 
This study outlines the feasibility, reliability and validity of a novel simulation-based 
assessment of operative competence, designed for assessment of higher specialist 
trainees in  General surgery and centered around operative competency 
expectations derived from the intercollegiate surgical curriculum programme of 
Ireland and the United Kingdom. High internal consistency metrics were generated, 
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with acceptable inter-rater reliability. While a sufficient number of observations were 
observed to reliably rank candidates (G >0.8 with 6 stations), 14 stations would be 
required in order to reliably determine whether a candidate met the desired level of 
operative competence across procedures, due to the observed absolute error 
variance102. The assessment can differentiate between trainees according to level of 
training, with more senior trainees outperforming their junior trainee counterparts 
across management of a fistula in-ano, ileostomy closure, right hemi-colectomy, 
laparoscopic appendicectomy and emergency laparotomy stations. Mean station 
scores were moderately and significantly correlated with increasing training year (R2 
= 0.6). Using borderline regression methodology, a pass-fail mark was generated 

which resulted in all trainees in their last 4 years of training passing the assessment, 
and 4/6 more junior trainees failing. The estimated cost of delivering this pilot 
assessment was €12,985.  
 
The implementation of competency-based education principles across surgical 
training programmes requires robust methods of trainee assessments. The newly 
updated general surgery curriculum of the United Kingdom and Ireland emphasizes 
two critical stages during higher specialist training with corresponding operative 
competency expectations; phase 2 outlining expectation in core elective and 
emergency procedures, and phase 3 outlining further competency expectations in a 
given trainee’s sub-specialty of interest. Assessment across these procedures is 
primarily conducted in the workplace. In other jurisdictions, high-stakes simulation-
based assessments have been designed to inform end-of-training certification 
decisions14 15 18 567. This study suggests that a similar assessment modality has 
sufficient validity evidence to support its use in the assessment of trainees in Ireland. 
Its role, if any, in informing high-stakes training decisions such as progression or 
end-of-training certification, however, remains to be fully elucidated, particularly in 
the context of an existing longitudinal multi-faceted assessment programme.  
 
In a 2012 Delphi study of members of the Association for Surgical Education , 

clarifying the role of simulation for the certification of residents and practicing 
surgeons was identified as a high-priority for surgical education research91. 
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Simulation-based assessments (SBA) currently plays varying, though often 
significant, roles in the training and certification process across jurisdictions. For 
example, passing the fundamentals of laparoscopic surgery assessment is a 
certification requirement in certain specialties in the United States72-76. At end-of 
training certification level, studies to date suggest that SBA assesses a different 
construct to knowledge-based assessments, and may therefore add validity to the 
certification process18 83; a low positive correlation only (r = 0.25) was observed 
between scores awarded to trainees in a simulation-based certification exam and 
oral examination scores by de Montbrun et al., 201618. Despite published validity 
evidence for such assessments according to modern concepts of construct validity, 

the acceptability of such assessments remains a barrier to their widespread 
implementation. Stakeholders report lack of evidence and financial considerations as 
factors contributing to lack of SBA implementation37.  
 
These concerns, particularly with respect to cost, are not unfounded. The estimated 
costs of the reported assessment approached €13,000. This assessment took place 
in a well-equipped national training center with purpose-designed facilities and 
trained personnel. The implementation of such assessments across programmes 
and local contexts will therefore likely vary. Furthermore, studies have yet to 
determine the appropriate role and weighting of simulation-based assessments in 
the context of programmatic assessment. Potential drawbacks of SBA when 
compared to workplace-based assessment include insufficient model fidelity, 
difficulty in simulating case complexity or variation, and further challenges associated 
with conducting longitudinal, repeated assessments. Finally, the acceptability of such 
assessments to key stakeholders in surgical education should be further explored by 
future studies prior to the implementation of any high-stakes assessment.  
 
 
 
 

 
 



 

 139 

Limitations:  
 
This study is limited by its small sample size. Derived procedures, assessment tools 
and competency expectations may differ across jurisdictions, training stages and 
local contexts. The somewhat unique highly centralised, nationally delivered and 
relatively well-resourced simulation-based training and assessment curriculum of 
Ireland may mean that further implementation challenges would be encountered by 
other jurisdictions.  
 
5.3.5 Conclusions: 

 
This study reports the validity, reliability and feasibility evidence of a novel 
simulation-based assessment of operative competence, designed for assessment of 
Irish higher specialist trainees in General surgery. Further larger scale validation 
studies, along with studies exploring the role of such assessments in a longitudinal 
training and  
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5.4. Additional Material Using simulation to assess operative competence: a 
qualitative case study of a novel simulation-based assessment 
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Abstract:  
 
Introduction  
 
Simulation is being increasingly explored as a modality for high-stakes assessment 
in medical education and training. The extent to which simulation can be used to 
assess real-world operative performance is debated, with trainers and trainees 
remaining skeptical regarding its use in summative settings. This study used a novel 
simulation-based assessment (SBA) of operative competence to explore the extent 
to which simulation can and should be used to assess operative competence in 

surgical training.  
 
Methods 
 
This qualitative case study was informed by a post-positive, social constructionist 
paradigm. The available relevant surgical literature, prior conducted qualitative 
research and participant observation was used to inform the research focus, study 
design and interview tool development. Group and individual semi-structured 
interviews were conducted with a purposive sample of 10 trainees and 10 surgical 
trainers who took part in a novel simulation-based assessment of operative 
competence. Reflexive thematic analysis was conducted using an inductive and 
constructivist framework. Initial open coding was followed by secondary deductive 
coding informed by Ten Cate’s conceptualization of medical competence as a multi-
layered construct.  
 
Results 
 
Trainers and trainees regard simulation-based assessment as having a primary role 
in determining canonical knowledge and skill, best employed prior to real-world 
operating as part of a train-to-proficiency program. Though this is more suited to 

early surgical training, SBA may be used in later training to ensure competence prior 
to exposure to new procedures, or as part of a programmatic certification process, 
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assessing procedures too infrequently encountered in the practice to rely on 
workplace-based assessment alone. The assessment of context-dependent 
knowledge is more acceptably performed in the workplace, though simulation of high 
physical and psychological fidelity may bridge this gap. ‘Personalized competence’ 
or ‘the art of medicine’ cannot be meaningfully assessed using simulation.  
 
Conclusion 
 
Simulation-based assessment can be most acceptably used to ensure a minimum 
standard of canonical knowledge and skill prior to undertaking real-world operating in 

a procedure-specific fashion, with a view to ensuring patient safety, improving the 
efficiency of surgical training and improving trainee confidence. Single time-point, 
high stakes assessments of operative competence in commonly performed 
procedures are unlikely to be able to assess context-dependent knowledge required 
for certification purposes.  
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5.4.1. Introduction 
 
Competency-based education principles have been embraced by surgical training 
programmes across jurisdictions568-571. In Ireland and the United Kingdom, 2021 saw 
the introduction of a competency-based curriculum, driven by the assessment of 
trainee outcome abilities. As Ten Cate et al. (2023) noted however, attempts at 
reaching a definition of ‘competence’ in medical education are often perceived as 
reductionist, failing to capture the broad and holistic construct of competent 
performance572. As it related to the performance of operative procedures, 
competence may encompass procedural and anatomical knowledge, technical skill 

and dexterity, clinical reasoning, communication, inter-disciplinary teamwork and 
leadership, among other technical and non-technical skills. Reliable and valid 
assessment of such a multi-faceted construct likely requires multiple assessment 
modalities, as part of a longitudinal, programmatic approach.  
 
Simulation has been explored as an operative skill assessment modality, most 
notably in a number of high-stakes contexts such as end-of-training certification14 15 

567 and progression through training44. The extent to which simulation-based 
assessment can measure operative competence is essential in determining its future 
role in the assessment of surgical trainees. Research to-date suggests that 
stakeholders remain skeptical regarding its use in summative contexts294.  
 
This qualitative study sought to explore the extent to which simulation-based 
assessment can acceptably be used to assess operative competence, with a view to 
determining its role in competency-based surgical training curricula. A case study of 
a novel simulation-based assessment of operative competence, designed for use in 
the assessment of Irish Higher Specialist Trainees in General Surgery, was 
conducted in order to explore the experiences of surgical trainers and trainees with 
regard to simulation-based assessment.  
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5.4.2 Methods:  
 
This study is reported according to the COnsolidated criteria for REporting 
Qualitative studies (COREQ) guidelines 2007573. 
 
5.4.2.1 Context 
 
Surgical training in Ireland is guided by the Intercollegiate Surgical Curriculum of the 
UK and Ireland; trainees undertake two years in Core Surgical Training (CST), 
followed by six years of Higher Specialist Training (HST) in the trainee’s sub-

specialty of interest. Assessment of operative competence is undertaken in a multi-
modal, programmatic fashion using primarily workplace-based assessments (WBAs). 
Simulation is not formally utilized as an assessment modality at HST level, though 
simulated procedural task assessments do at present inform decisions on 
competitive progression from CST to HST in Ireland. This case study forms part of a 
larger mixed-methods study exploring the utility of simulation as a high-stakes 
assessment modality in surgical training. A novel simulation-based assessment was 
designed to assess trainees at the end of ‘phase 2’ of surgical training; at this 
juncture trainees are expected to be competent in performing a series of core 
elective and emergency general surgery procedures, to the level expected of a day-1 
consultant. An eight-station Objective Structured Clinical Examination was 
developed, assessing performance across eight procedural stations using a 
combination of bio-hybrid and virtual reality models. The novel assessment took 
place in the Royal College of Surgeons in Ireland’s National Surgical Training 
Centre, a well-resourced and purpose-built simulation facility with a faculty of trained 
simulation technicians and administrative personnel.  
 
5.4.2.2 Study Design 
 
This case study was informed by a post-positivist, social constructionist paradigm. A 

post-positivist approach recognizes an objective truth but values subjectivity and 
multiple stakeholder perspectives, further acknowledging the motivations and 
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existing knowledge of the researcher as informing the research process and 
outcome574. Social constructionism posits that how we understand and perceive 
reality is context dependent, relying on the culture and times we live in575. 
Participants were recruited through purposive sampling; surgical trainers and 
trainees undertaking a novel simulation-based assessment (SBA) of operative 
competence. Participants were approached face-to-face and via e-mail. Ten surgical 
trainees and ten surgical trainers took part in this study, across group and individual 
semi-structured interviews. Four surgical trainees who took part in the SBA did not 
participate in further group or individual interviews. Group interviews took place 
within the Royal College of Surgeons in Ireland’s National Surgical Training center, 

while individual semi-structured interviews were conducted using online video-
conference software. Only researcher and interviewees were present. Recruits were 
consultant trainers in general surgery and surgical trainees, ranging in experience 
from ST2 (in their second year of dedicated surgical training) to ST8 (trainees in their 
last year of training). Interviews were recorded using LearningSpaceTM (CAE 
Healthcare, International) software (for in-person interviews) and online video-
conferencing software (Microsoft Teams, Microsoft USA) for online individual semi-
structured interviews. Audio files were transcribed using automated transcription 
software (NVIVO 12) and verified by the first author (CT). Data was supplemented by 
field notes taken during the time of interview, and during observation of trainers and 
trainees participating in the SBA. Interviews were conducted from August 29th 2022 – 
August 15th 2023, with group interviews taking place on the day of the assessment 
and further individual interviews taking place in a sequential fashion. Group 
interviews occurred simultaneously; MM interviewed consultant trainers while CT 
interviewed participating trainees. The same interview tools were used by both 
researchers, and field notes compared. Interviews ranged in length from 27 minutes 
and 12 seconds to 45 minutes and 51 seconds. Interviews were analysed 
sequentially until data sufficiency was reached. An interview guide was developed 
through an iterative process of literature review, piloting, and prior qualitative 
research294 329. Transcripts and findings were returned to participants for comments 

and correction.  
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5.4.2.3 Reflexivity 
 
CT is a surgical trainee with a research interest in surgical education, assessment 
and simulation. CT has experience of simulation as both an assessment and training 
methodology, having completed RCSI’s Core Surgical Training program which uses 
SBA to inform progression through training. As such, he had a pre-existing working 
relationship with some of the participants of this study, and his own biases, 
assumptions and experiences of simulation likely inform the analysis herein. MM is a 
senior lecturer with research expertise in surgical education and assessment, while 
DOK is a consultant surgeon, trainee supervisor and surgical education researcher. 

We have therefore considered our differing experiences and perspectives on 
simulation as an assessment modality and have sought to proffer counterpoints and 
challenge assumptions during data collection and analysis.  
 
5.4.2.4 Analysis and findings 
 
Reflexive thematic analysis was used to analyse the data using a constructivist 
framework. Data was initially coded by a single researcher (CT). Definitive codes, 
themes and sub-themes were discussed and agreed by the research team (CT, MM, 
DOK). A description of the coding tree is provided within the results section. Initial 
coding was open and inductive. Further or secondary coding was informed by Ten 
Cate et al.’s conceptualization of medical competence as a multi-layered 
construct572. This describes competence according to three layers; canonical 
knowledge and skills (layer 1), context-dependent medical competence (layer 2) and 
‘personalized’ competence (thought of as ‘the art of medicine’, (layer 3)572. NVIVO 
software (NVIVO 12, QSR International) was used to manage the data.  
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5.4.3 Results 
 
Ten surgical trainers and eleven surgical trainees participated across group and 
individual interviews. Two of the ten surgical trainers took part in subsequent 
individual semi-structured interviews. Two surgical trainees did not take part in the 
initial group interviews but subsequently participated in individual semi-structured 
interviews. Participants included a range of trainees of different levels of seniority, 
from ST2 to ST8. All transcripts were used in the resulting analysis. The generated 
themes, informed by Ten Cate et al.’s conceptualization of medical competence as a 
multi-layered construct, are outlined below (Figure 5.4.1).  

 

 

 

Figure 5.4.1: Generated themes 

 

 

 

 

Level 1 Competence: 
canonical competence

Level 2 Competence: 
contextual competence

Level 3 Competence: 
personalized competence

Competence as a 
multi-layered construct

Theme 1: Simulation as an 
acceptable modality to 
assess canonical competence

Theme 2: The authenticity 
gap – it is challenging to 
assess level 2 or level 3 
competence using simulation

Theme 3: Concerns regarding 
the implication of sim-based 
operative competence 
assessment

Theme 4: Bridging the gap: 
developing SBA to assess 
higher levels of competence

Theme 5: Acknowledging the 
gap: embracing the 
complementarity of SBA and 
WBA

Mitigation
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5.4.3.1 Simulation as an acceptable modality to assess canonical competence 
 
Canonical skills and knowledge – described by trainers and trainees as anatomical 
and procedural knowledge, knowing ‘the steps’ of an operation, and basic surgical 
skills, are readily accepted by trainers and trainees alike to be the foundational levels 
of competence, essential to be obtained prior to developing context-dependent 
competencies and skills: “I think at the most basic level you should know the 
anatomy. Then after that the next level up is knowing the steps of the operation. 
Those two kind of go hand in hand and those are things you can learn sitting at 
home reading. Then it goes into performing the operation and the actual finer 

technical skill would probably be the next level up from that” – Trainee. “The steps of 
the operation are the easy part, it’s the stuff around the operation that’s the tricky 
part” – Trainee 
 
Experienced simulation-based assessments are consistently reported by trainers 
and trainees as having sufficient professional authenticity to asses these basic, 
canonical competencies; this relates to the perceived value of SBA at more junior 
levels of surgical training: “I think it is good for that exact purpose, like getting 
through the steps of a procedure, you know, from start to finish [...] So maybe for 
earlier years, it's like to be able to get through your full procedure from start to finish 
with all of the sequential steps?  It’s good for that”. – Trainee 
 
Participants largely support the idea of simulation being used to assess to a 
‘minimum standard’ of canonical competence in core procedures, prior to 
undertaking in-theatre operating as the primary, supervised, surgeon. This has 
perceived benefits for patient safety and training efficiency: “It's a bridge to doing the 
operation in real life. If you don't cross that bridge, I think, doing it […] in real life will 
become, you know, exceedingly more difficult”. – Trainer 
 
Trainees relate this concept to existing robotic training courses which mandate 

reaching pre-defined competency metrics prior to undertaking in-theatre supervised 
operating: “I think like the robotic platform is a really nice example of that, like that's 
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how everyone learns - they're on the simulator and they do their 50 hours or 
whatever their, you know, country recommends they do before being allowed to start 
up their robotic practice” – Trainee 
 
5.4.3.2 The authenticity gap – higher levels of operative competence are better 
assessed in the workplace 
 
Participants perceive operative competence to be a broad construct incorporating a 
wide array of technical and non-technical skills, and report context-dependent and 
personalised skills to be greater differentiators of competence than procedural or 

anatomical knowledge at more senior levels of training: “I'm not really sure [SBA] is a 
reliable way to, you know, say that that person is ready to, you know, begin 
consulting practise […] There's so many other elements to it that it's not assessing 
like communication and higher level thinking and troubleshooting - “And if this 
doesn't work, what are you going to do next?” - and those aspects which are really 
what distinguishes […] someone who's just able to get through an operation for 
someone who's ready to take that next step in their career.” – Trainee. In particular, 
the ability to apply one’s skills and knowledge to unexpected events or high-pressure 
scenarios was reported to be a marker of higher competence: “I think ultimately […] 
somebody at the end of their training has to have been exposed to, you know, all of 
these nuances […]They need to be deemed competent, because when they do 
become a consultant it will be them, and They have to then be able to show maturity 
and leadership, and be able to handle such, you know, unpredictable situations that 
arise sometimes in surgery.” - Trainer 
 
It is felt to be more difficult to assess senior trainees as SBA is perceived as not 
capturing these competencies, particularly as SBA cannot perfectly replicate real 
world case complexity or the operating environment: “I guess, kind of, the ‘simulation 
artefact’, or whatever the technical term is when you're used to doing cases in real 
life… I think the gap is just too… too wide for it to be believable, I think, at a higher 

level, and the kind of… the nuances of what's actually difficult in the case […] it just 
felt so far removed from what it's like to actually manage tissue.”  
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More experienced trainees may be more aware of the differences between simulated 
and patient-operating. Comparisons to workplace-based assessment were common, 
and emphasised the authenticity of these assessments in determining competence 
in context-dependent skills, and beyond: “you know, communication and leadership 
[…] and management and self-awareness and all this sort of stuff…  I mean, that…  
that's better served in a real life scenario than in a simulated exercise, you know?” – 
Trainer. Longitudinal assessment ‘by more than one trainer, across a period of time’ 
is desirable [Trainee], with the value of SBA beyond expert judgement in the 
workplace questioned: “I don't think you could say [a trainee has], you know, done a 
hundred lap choles, his assessors have signed him off as being, you know, 

appropriate for stage. And now we brought him in, and we looked at him doing it on a 
pig model, and we think he's not safe?” – Trainee.” A one-off SBA was reported to 
be unlikely to capture real-world case variety or complexity.  
 
Many of these listed competencies – communication, leadership and stress 
management – require an operative environment with which to interact; simulation 
may struggle to replicate this complex system sufficiently to assess competence in 
these domains: “I think it's something that's very difficult to replicate exactly -  the 
stress surrounding it, the noise, you know? Like you having to focus on your bit of 
the operation and let everybody else do their other bit. But at the same time, you 
kind of need to know and be aware of everything that's going on in the room”. 
Furthermore, due to differences between sim-models and in-theatre operating, there 
is felt to be a learning curve associated with the model itself, contributing to a 
perception that SBA tests model-related competence only – “have they gotten better 
at doing the model or […] have they gotten better at, you know, doing the 
operation?” - Trainee 
 
Participants report that this authenticity gap leads to in-authentic trainee 
performance, with trainees adapting their workplace behaviour to suit the limitations 
of the assessment. This was reported primarily by more senior trainees: “I wasn't 

doing what I normally do, I was doing what I thought I needed to do to achieve the 
task.”- Trainee. In fact, the very nature of the assessment environment means that 
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trainees adapt their behaviour to conform to what they perceive as being likely to 
score highly in assessment: “It's very easy to just slip in to ‘Oh yeah I'm in RCSI […] 
and I would do that and I would do this’ and it's like, a lot of times it's not what you 
actually do on the day, you're saying ‘oh I'll probably use that prolene because I saw 
someone do that before me’,  but I would never do that if I was doing it on a real 
patient.” Naturalistic performance, as it occurs in the workplace, may therefore not 
be assessed in the simulated environment, “Particularly whenever your model isn't 
bleeding catastrophically in front of your eyes.” – Trainee. While some of this 
authenticity gap is introduced by imperfect authenticity of the models and 
assessment environment, some is due to inherent limitations of SBA, such as time 

constraints: “I was like - I would obviously pack all four quadrants and do a 10 minute 
[pause]... but I'm not going to do that here.”- Trainee.  
 
5.4.3.3 Concerns regarding the implications of sim-based operative competence 
assessment 
 
The perceived inability of simulation to capture the construct of competence lead 
trainees and trainers to report concerns regarding the implications of SBA should it 
be introduced to assess competence. These concerns related primarily to the idea 
that SBA could be used to supersede trainer judgement of workplace performance, 
and could unfairly hamper the progress of trainees through training: “Even if you 
have a perfect score in the college but they think you’re unsafe, you know -  their 
decision overrides” – Trainee. Further concerns related to the concept that 
inauthentic assessment could lead to negative skill transfer to the workplace: “There 
were certain things that I had to do to complete [the simulated procedure] that I 
would consider unsafe” – Trainee.  
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5.4.3.4 Bridging the gap: developing simulation-based assessment to assess 
operative competence 
 
Recognizing a difference in authenticity between assessment in the workplace and in 
the simulation suite, and relating this to an inability of simulation to capture higher 
levels of competence, respondents suggest that SBA should be developed and 
improved in order to approach near-real-world levels of professional authenticity. 
Participants were optimistic regarding the ability of future iterations of SBA to better 
replicate real-world operating, and report examples of sim-based training courses 
that simulate higher levels of psychological and physical fidelity: “It exists right? 

Cause like we've all done those MASCOT days where we're there with anaesthesia 
[…] they'll just hit a button  [on the simulator] and they'll make the airway 
extraordinarily difficult for them.” Within the context of the novel simulation-based 
assessment experienced by respondents, some stations were felt to be better 
discriminators of higher-level competence than others, and approached in-theatre 
levels of authenticity: “I felt that at the end of the day I had done a full operating list” 
– Trainee.  
 
Beyond improving assessment in line with best practice, it was reported that 
scenarios could be designed to assess context-dependent competence by probing 
skills such as operative planning and responding to case-to-case variation. 
Increasing physical and psychological fidelity of the assessment was reported to be 
more likely to capture higher-level competencies, and models should therefore 
attempt to replicate the real-world operating environment to a high degree: “If you put 
it in a situation where, I don't know, there were monitors beeping in the background 
so you added an audio element to it… you could have introduced an anesthetist as 
well, a scrub nurse to also, kind of, simulate the steps of the actual procedure […] I 
mean, you're making a bit more high fidelity and in situation and possibly you could 
say, “OK, I mean maybe they can overcome some high pressure situations or maybe 
they can't” – Trainee. The closer the simulator or simulation approached real life, the 

lesser the perceived model-related learning curve – “the better the fidelity, the less of 
a, kind of, a difference in the learning curve”- Trainee.   
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5.4.3.5 Acknowledging the gap: embracing the complementarity of workplace-based 
assessment and simulation-based assessment 
 
Workplace-based assessment has professional authenticity perceived to be difficult 
to reach using simulation. Rather than chasing near-perfect fidelity, participants offer 
a further role for SBA as complementary to WBA. It is acknowledged that there are 
many procedure-specific competencies that cannot be reliably assessed in the 
workplace, either because they are not encountered with sufficient frequency, or to 
use their presentation as opportunistically to assess trainees would be a patient 
safety concern: “in Ireland it’s… like it's so ad hoc, as you know, it's so random, like 

you might be in [one training center] and get a car crash, someone coming in or you 
may not see one the whole way through your training”. Trainers report a related lack 
of clinical time for assessment in many procedures: “given increased trainee intake 
and lack of clinical time for assessment in the operating room, sim-based 
assessment is the way forward” [Trainer]. Ancillary benefits of standardizing training 
outcomes were anticipated: “Simulation is a more reliable way of making sure that 
key factors in the curriculum are covered. Or you can make sure that people, who 
maybe were unfortunate not to come across more rare presentations of thing, at 
least they are not coming toward the end of their training having never had exposure 
to something” – Trainee.  
 
Participants extended the idea of SBA being used prior to in-theatre operating by 
junior trainees to using such an approach to assess more senior trainees prior to 
undertaking more complex procedures at a later stage: “Like there are certain 
procedures that you'll only learn at a fellow level or beyond, you know, such as like 
maybe trans-anal TME or something like that in colorectal, in which case starting on 
the simulator model is totally appropriate and you know has the same benefit at that 
stage as it would have for an earlier training.” – Trainee. 
 
Beyond making up for an assessment gap, simulating less frequently encountered 

procedures may be a better assessment of higher-order levels of competence, in 
particular the ability of trainees to adapt their accumulated skills to new procedures 
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or presentations: “maybe using something […] unusual or rare, by putting trainees 
under pressure is a good way to assess you know, core skills and decision making 
under pressure.” – Trainee. This is related to the concept that less familiar 
procedures require higher cognitive load to perform “Because, yeah,  you're as 
uncomfortable as the junior training is for what you consider a core procedure”. The 
intended outcome of these assessments should be to ensure that trainees “at least 
[…] know the steps”, and ideally as part of a train-to-proficiency model to prepare 
trainees for consultant practice: “one of the comments from the faculty that day was 
that if you're going to assess people on that, you, you should be training people on 
that as well. And I would completely support that, you know, for major trauma 

situations or situations that we don't see often but we do need as general surgeons, 
for example, we do need to have exposure to it and know how to deal with it 
whenever we have to.”- Trainer. SBA is therefore perceived as having a different, 
and complimentary, role to assessment in the workplace.  
 
5.4.4 Discussion 
 
Simulation-based assessment is perceived, by participants undertaking a novel 
simulation-based assessment of operative competence, as having a primary role in 
determining whether trainees have sufficient canonical knowledge and skill to 
undertake a supervised role as lead surgeon in the operating theatre. Difficulties in 
assessing contextual or personalized competence using simulation relate to the 
authenticity gap between simulation- and workplace-based assessments, driven by 
insufficient physical and psychological fidelity of experienced simulations. The lack of 
professional authenticity leads to an inability to capture a significant proportion of 
finer technical and non-technical skills deemed to be essential to determine 
competence in senior trainees. A superior ability of workplace-based assessment in 
capturing contextual and personalized competence is recognized, due to its obvious 
authenticity, and its longitudinal nature and reliability when repeated across a wide 
variety of operative contexts. Participants in this study put forward two proposals 

regarding the role of SBA in operative competence assessments: 1) Increasing the 
professional authenticity of SBA to approach real-world levels of fidelity, therefore 
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capturing a broader range of competencies,  and 2) accepting the limitations of SBA 
in assessing higher levels of competence, instead using SBA to assess canonical 
competence in procedures encountered rarely in the workplace. The latter supports 
the use of SBA and WBA in a complimentary fashion.  
 
Ten Cate et al. describe medical competence as a multi-layered construct with a 
distinct hierarchy572. The layers of this concept apply readily to learning a surgical 
procedure, with knowledge of key anatomy and operative steps required before 
applying such skills in the workplace, and further developing a personal style or 
approach572. Participants in this study concur with the implications of Ten Cate’s 

conceptualization when it comes to assessment; contextual competence requires 
workplace observation, by multiple experts, in a variety of settings572. This further 
relates to established assessment theory in line with Miller’s pyramid576, where 
assessments at the ‘shows how’ level are readily conducted with simulation while 
assessing what a trainee ‘does’ requires direct observation in the workplace. 
Andreatta and Grupen, conceptualizing validity evidence for simulation, describe the 
hypothetical ideal assessment whereby the construct of interest (e.g. operative 
competence) is represented perfectly by the designed simulation577. Participants in 
this study perceive a construct-underrepresentation in experienced SBA, where 
designed stations, in this novel sim-based assessment at least, failed to capture the 
broad construct of ‘competence’577.  
 
The findings of this study have implications for the use of simulation as an 
assessment modality in surgical training. Focusing on single-point, high stakes 
assessments of operative competence at certification level14 15 83 risks assessment 
redundancy and construct under-representation. Furthermore, it fails to realize the 
potential of SBA in ensuring competence in less frequently encountered procedures 
as part of a formative, train-to-proficiency paradigm, ensuring a baseline level of 
competence in procedures that cannot be assessed in the workplace. Such 
procedures can now be readily identified by collating longitudinal trainee 

performance data452 578. 
Limitations 
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Assessment is context dependent, and the participants in this study took part in a 
novel simulation-based assessment of operative competence, designed to assess 
the performance of senior trainees in General Surgery. The experience of 
participating in this assessment, in a well-resourced and centralised simulation 
center, informed the perceptions experiences expressed in this study.  While the 
findings may not be generalizable to other assessment contexts, we believe the 
experiences of these trainees and trainers can aid the development of future sim-
based assessment frameworks in surgery. 
 
Conclusion 

 
Simulation-based assessment should be used in a complimentary fashion to 
workplace-based assessments. By recognizing its imperfect professional authenticity 
and the associated construct-underrepresentation with respect to operative 
competence, we can better design simulation-based assessment curricula to the 
benefit of trainers, trainees and their patients.  
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5.5 Additional Material: Why do residents fail simulation-based assessments of 
operative competence? A qualitative analysis 

 

Reference: Toale, C., Morris, M. & Kavanagh, D.O. Why do residents fail simulation-
based assessments of operative competence? A qualitative analysis. Global Surg 

Educ 2, 83 (2023). https://doi.org/10.1007/s44186-023-00161-1 
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Chapter 6: General Discussion 

 

This chapter reviews the main findings of this thesis, and further integrates these 
findings to provide a blueprint for the use of technical performance assessments 
across surgical training, and in particular to inform certification decisions at end of 
training.  
 
Role of thesis author: Mr. Toale authored this chapter.  
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6.1 Main Findings  

 

6.1.1. Determining the need for simulation-based technical skill assessment in 
surgical training, in the context of a multi-modality programmatic approach to 
procedural assessment 
 
There is a moral and ethical argument to be made regarding the need for simulation-
based training and assessment in surgery. Simulation can be used to reconcile the 
competing interests of individual patients and broader society in training surgeons, 
when incorporated into training as part of a ‘train-to-proficiency’ paradigm.  There are 
significant threats to the validity of currently utilised operative assessment modalities 
in the context of surgical training in Ireland and the United Kingdom (namely 
Workplace-Based Assessments and operative experience targets). Workplace-
Based Assessments are used opportunistically by trainers and trainees, and are 
seen as a ‘tick-box’ exercise. There is limited evidence to support the use of 
operative experience targets as a surrogate measure of operative competence.  
 
There is broadly positive agreement amongst surgical trainees and trainers, in the 
international published literature, regarding the use of simulation as an assessment 
modality in surgery, though its use in ‘high-stakes’ settings remains controversial. In 
our series of semi-structured interviews conducted with stakeholder representatives, 
it emerged that simulation could be acceptably used to ensure a ‘minimum standard’ 

of technical proficiency during early training, with a view to identifying under-
performing trainees, and subsequently providing targeted remediation. It was 
important to interviewees that simulation-based assessment (SBA) should not 
replace the judgement of expert, trained, surgical trainers in high-stakes scenarios. 
These findings are further emphasised by trainee respondents to a national survey; 
simulation was perceived to be an appropriate modality when assessing a trainee’s 
procedural knowledge, but deemed to be less useful when assessing ‘higher-order’ 
skills such as communication, teamwork, or decision-making. Further barriers toward 
the implementation of acceptable SBA were raised: lack of access to simulation and 
perceived deficiencies in the appropriate fidelity of experienced simulators.  
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6.1.2 Validity evidence for the use of objective technical aptitude assessments 
at the time of surgical trainee selection 
 
The use of three objective assessments of technical aptitude (paper-based tests, 
pictorial surface orientation testing, and manual dexterity testing) were explored with 
a view to determining the relationship between derived scores and future 
performance. Aggregated aptitude or ‘fundamental ability’ scores were positively, 
and significantly, associated with future performance across simulation-based and 
workplace-based assessments of operative skill. These findings were independent of 
logged operative experience and undergraduate academic performance.  

 
A further analysis of the Royal College of Surgeons in Ireland (RCSI) trainee 
selection process, incorporating technical aptitude assessments, was conducted. 
Composite scores incorporating measurements across technical and non-technical 
domains were associated with likelihood of subsequent progression to Higher 
Specialist Training (HST). On multivariable linear regression analysis, technical 
aptitude assessments were again positively associated with future performance in 
workplace-based and simulation-based technical skill assessments (β 0.31, 95% CI 
0.14 - 0.48 and β 0.57, 95% CI 0.33 - 0.810 respectively). 
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6.1.3 Exploring the utility of an implemented simulation-based assessment 
designed to inform decisions on progression from Core Surgical Training to 
Higher Specialist training 
 
At a Core Surgical Training (CST) level, there is evidence supporting the idea that 
workplace-based assessments of operative skill are used on an opportunistic basis. 
Submitted assessments cluster around submission deadlines, and trainees do not 
submit more than the mandated minimum number of assessments. These findings 
are a threat to the validity of workplace-based assessments. Furthermore, we have 
identified that a larger number of assessments than those which are currently 

mandated is required in order to achieve sufficiently high dependability indices for 
use in high-stakes assessment. Four assessors observing ten cases each would be 
required to provide a reliable judgement of a trainee’s level of operative competence 
across an undifferentiated case-mix. Such large numbers of assessments may not 
be feasible in the workplace given observed assessment submission patterns and 
known barriers.  
 
We further provide validity evidence for the use of an implemented simulation-based 
assessment of operative skill during Core Surgical Training, the Objective Surgical 
Skill (OSS) examination. Observation across 20 procedural stations would be 
required to reliably determine a trainee’s level of operative competence. Currently 
implemented SBA is therefore insufficiently reliable to assess operative competence 
to a level required for high-stakes decision making; these findings support the use of 
a multi-modal, programmatic approach to technical skill assessment. The reliability of 
a single simulation-based assessment observation is, however, greater than the 
reliability of a single observation in the workplace. If the construct of interest is the 
determination of competence in a series of core procedural tasks or skills, SBA may 
therefore represent a more reliable approach.  
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6.1.4 Development of a novel simulation-based assessment designed to 
evaluate operative competence in senior general surgery trainees 
 
Using a modified Delphi consensus approach (and modified Copenhagen Academy 
for Medical Education and Simulation [CAMES] needs assessment formula) we 
determined a prioritised list of procedures for use in simulation-based assessments 
of General Surgery Higher Specialist Training (HST). We subsequently developed an 
eight-station Objective Structured Clinical Examination (OSCE), using a variety of 
bio-hybrid and virtual-reality models. The Virtual Reality platform LapSimTM (Surgical 
Science, Sweden) was chosen to simulate laparoscopic procedures due to the 

wealth of published validity evidence regarding its use in simulation-based surgical 
training and assessment. This novel assessment could discriminate between 
trainees in year 1-4 and years 5-8 of training, with acceptable internal consistency 
metrics. A pass-fail benchmark resulted in all ‘senior’ trainees, and two of six junior 
trainees, passing the assessment.  
 
This novel SBA formed the basis of a qualitative ‘case-study’. On content analysis of 
written feedback, ‘the model as a confounder’ had important and unwanted effects 
on the scoring decisions of trainers. On thematic analysis of semi-structured 
individual and group interviews, conducted with participants and assessors, it 
emerged that SBA was viewed as having a primary role in determining canonical 
knowledge and skill, most valued prior to undertaking supervised ‘real-world’ 
operating. Participants envisaged a role for SBA in more senior training if used to 
determine canonical competence in procedures encountered infrequently in practice.  
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6.2 Incorporating Simulation-Based Assessment of Operative Competence into 
the Certification of Trainees: A Proposed Blueprint 
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Abstract:  
 
Objective 
 
The aim of this article is to outline a proposal for evidence- and theory-based 
incorporation of simulation as an assessment modality into the certification process, 
in the context of post-graduate surgical training. 
 
Summary Background Data 
 

Competency-based education principles have been integrated into surgical training 
programs. Such outcome-based curricula require the certification of graduate 
capabilities, which in turn requires valid and reliable methods of competency 
assessment. Simulation has been explored as a high-stakes assessment modality, 
though its role in contemporary surgical training remains to be fully established.  
 
Methods 
 
This article proposes a framework for incorporating simulation as an assessment 
modality into surgical training curricula, with reference to contemporary operative 
performance assessment science and theory.  
 
Results 
 
It is challenging for simulation to achieve sufficient professional authenticity to 
assess operative competence with sufficient confidence required for certification. 
Similarly, it is likely not feasible for simulation to assess performance across all 
procedures, and all components of all procedures, in which competence might be 
mandated by modern curricula. Workplace-based assessment can be reliably used 
to assess performance in commonly performed procedures. Simulation has a role in 

the assessment of high acuity, low frequency procedures in surgery, which are not 
encountered with sufficient frequency in the workplace to permit reliable assessment.  
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Conclusion 
Simulation as an assessment modality should not be used as a single-end point, end 
of training examination, but rather should complement workplace-based evaluations 
as part of a programmatic approach to training progression and end-of-training 
certification.  
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6.2.1 Competence, Competency-Based Education, and Surgery 
 
The certification of trainees requires a defined standard for ‘competence’, against 
which performance can be compared. Several authors have attempted to define this 
elusive concept592-594, facing criticisms of reductionism595, construct under-
representation596 and incompatibility with theories of expertise attainment597. In the 
context of the United Kingdom and Ireland, “the end of training is reached when 
supervisors agree that a trainee is performing at the level of a day-one consultant, 
successfully managing the unselected emergency take, clinics and ward-care, 
operating lists and multi-disciplinary working while demonstrating the generic 

professional behaviours required of all doctors”598. While pragmatic, reference to a 
‘day-one consultant’ does not bring us closer to defining what level of expertise is 
required at this level. Furthermore, this definition is insufficient when it comes to 
conducting assessments at a case or procedural level. This gap between lofty 
definitions of competence and the ‘operationalisation’ of assessment has led to the 
development of programmatic assessment frameworks, with ‘Procedure-Based 
Assessment’ (PBA)599 being the primary tool for evaluating the performance of 
procedures in the workplaces of the United Kingdom and Ireland, and ‘Entrustable 
Professional Activity’ (EPA) assessments playing a similar role in the US-context600.  
 
Ten Cate et al. have recently proposed a conceptualisation of medical competence 
as a multi-layered construct, incorporating three distinct levels; 1) ‘Canonical 
knowledge and skill’, 2) Context-dependent knowledge, skills and attitudes, and 3) 
Personalised competence including personal skills, interests, habits and 
convictions601. This concept represents a useful lens with which to view operative 
competence attainment and assessment; core anatomical and procedural knowledge 
is required prior to developing skills in the workplace context-such as adaptability to 
between-case variations, interacting professionally with the operative environment 
and displaying teamwork and communication expertise. Personalised technique or 
‘style’, innovation and development of specific operative interests might be thought of 

as ‘the art of surgery’. Where simulation sits as an assessment modality within this 
example of a modern concept of competence will be explored.  
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6.2.2 Operative assessment in surgery 
 
The traditional apprenticeship model of surgical training has been replaced by CBE, 
reliant on a suite of repeated longitudinal assessments, generally performed by 
several trainers across the continuum of surgical training. In the United Kingdom and 
Ireland, competence in the performance of procedures is informed by workplace-
based assessments, multi-source feedback, and subjective trainer judgement 
through a ‘multi-consultant report’598. Milestone assessments373 and EPAs600 inform 
competency committee decisions for US residents. Such workplace-based 
assessments are essential to competency-based education programs as naturalistic 

evaluations of authentic clinical encounters, supporting frequent and longitudinal 
assessment in context602-605. Threats to their validity as a summative assessment 
tool relate to concerns regarding objectivity, standardisability, and assessment 
gaming430. 
 
Given their summative role, EPAs and PBAs should further strive to achieve high 
levels of reliability. Achieving a reliable estimate of a trainee’s level of operative skill 
requires repeated observations606; these should be undertaken by a number of 
assessors across procedural contexts to account for inter-rater and inter-case 
variation. The number of observations required to achieve high levels of reliability 
can be estimated using generalizability theory with mathematical modelling,  and 
other statistical techniques578 607 608. Findings from articles reporting these methods 
support the idea that repeated observations of performance are required to assess 
operative competence; in Williams et al.’s 2019 study, 17 observations were required 
to reliably assess performance in laparoscopic cholecystectomy608. It is more difficult 
still to assess performance across pooled procedure types without large numbers of 
observations608 609. 
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6.2.3 Simulation, assessment and certification 
 
Simulation-based assessments have been developed to inform certification 
processes; for example, the Fundamentals of Laparoscopic Surgery examination is a 
required benchmark for US residents in a number of surgical sub-specialties72-76. At 
end-of-training certification, there are some notable examples of simulation as a 
high-stakes assessment modality.  Then European Board of Surgery Qualification in 
Vascular Surgery (EBSQVS) includes assessment of procedural skill84. De Montbrun 
and colleagues have described the development of the General Surgery Objective 
Structured Assessment of Technical Skill (GOSATS)15 and the Colorectal Objective 

Structured Assessment of Technical Skill (COSATS)14 18 86. These assessments, 
designed as technical skill certification examinations, have undergone validity testing 
using contemporary frameworks with favourable results14 15 18 86. The implementation 
of the COSATS as a National Certification Examination was described in 201618.  
 
Simulation as an assessment modality has a number of potential advantages over 
workplace-based assessment610. Patient safety concerns, particularly with respect to 
high acuity procedures, are avoided. Assessments are more readily standardisable. 
Assessment opportunism is negated. The use of SBA to inform certification 
decisions however, remains controversial294; stakeholders report concerns regarding 
the potential for SBA to overrule expert trainer judgement, and emphasise the value 
of SBA as a formative, rather than summative, assessment modality329. Trainers and 
trainees are aware of a deficit in authenticity when comparing sim-based to 
workplace-based performance assessment.  
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6.2.4 Professional authenticity and simulation-based assessment of operative 
competence 
 
In spite of the proposed benefits of simulation as an assessment modality, significant 
barriers with respect to its implementation remain. Of primary concern is the difficulty 
in producing simulations of sufficient professional authenticity (or procedural fidelity) 
to assess operative competence. Competence, as defined above, is a broad 
construct incorporating diverse domains such as psychomotor skill, declarative 
knowledge, interpersonal skills, personal resourcefulness, and advanced cognitive 
skills611. The latter, relating to such skills and attributes as a surgeon’s adaptability to 

complex or unfamiliar scenarios as well as their intra-operative judgement and 
decision making, are perceived by trainers and trainees as being fundamental when 
determining the competence of graduating trainees.  
 
Andreatta and Grupen describe the validity of a given assessment in the context of 
what it is intended to measure, i.e. the construct of interest577. In the case of high 
stakes SBA, the construct which simulation seeks to represent is the competent 
performance of operative procedures. A perfect assessment would reliably capture 
and assess the broad range of knowledge, skills and attributes required to perform a 
given operation, or group of operations. Considering Ten Cate at al.’s multi-layered 
conceptualisation of medical competence, such assessments at certification level 
might be expected to assess not only canonical competence – procedural knowledge 
and specific skills, but also contextual competence, with emphasis on the application 
of such knowledge and skills within the opportunities and constraints of the theatre 
environment601. We can imagine some of the specific knowledge, skills and attitudes 
such assessments might encompass; the adaptation of surgical skills to challenging 
or unusual cases, the recognition and management of variant anatomy, the peri-
operative management of surgical conditions in the context of a holistic view of 
patient health, and respectful and effective communication with the operating team. 
Such assessments are required to display high levels of professional authenticity, i.e. 

the models and simulation must display high levels of physical, functional, 
psychological and cognitive fidelity. The assessment of knowledge, skills and 



 

 170 

attitudes in context requires the assessment to simulate that context, the operating 
room, to a sufficient degree that candidate’s interactions with a simulated patient, 
case, team, and theatre environment can be reliably assumed to represent the 
behaviour of trainees in the workplace (figure 6.2.1). This concept relates to the 
traditional view of hierarchical assessment according to Miller’s pyramid, and a 
recognition that simulation assesses at a level of ‘shows how’, rather than ‘does’576. 
The ability of simulation to represent the operating environment, and therefore the 
construct of competence, must be considered beyond traditional quantitative 
measures of validity. For example, senior trainees would be expected to perform 
better than more junior trainees in simulation-based Objective Structured Clinical 

Examination (OSCE), and may approach or exceed expert benchmarks of operative 
skill. Acceptable internal consistency and reliability metrics could be reached, with a 
reliable pass-fail score generated. Without a simulation that approximates the real-
world environment to a high degree however, such assessments risk capturing skill 
rather than competence. This has significant implications for the use of simulation as 
a high-stakes assessment modality.  
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Figure 6.2.1: Assessments of increasing professional authenticity (A) capture a 
broader range of knowledge, skills and attitudes required to represent the construct 
of ‘competence’ (B), in turn leading to increasing validity when assessing 
competence along the continuum from canonical competence through contextual 
competence to personalized competence (C). Adapted from: Miller GE. The 
assessment of clinical skills/competence/performance. Acad Med. 1990 Sep;65(9 
Suppl):S63-7. doi: 10.1097/00001888-199009000-00045. PMID: 2400509, Andreatta 
PB, Gruppen LD. Conceptualising and classifying validity evidence for simulation. 
Med Educ. 2009 Nov;43(11):1028-35. doi: 10.1111/j.1365-2923.2009.03454.x. 
PMID: 19874494, and Ten Cate O, Khursigara-Slattery N, Cruess RL, Hamstra SJ, 
Steinert Y, Sternszus R. Medical competence as a multi-layered construct. Med 
Educ. 2023 Jul 16. doi: 10.1111/medu.15162. Epub ahead of print. PMID: 37455291. 
 
 
 
 
 
 
 
 
 

Canonical competence
Contextual competence

Personalized competence

Assessments of increasing professional authenticity

Construct: Competence

Assessment Assessment Assessment

Construct: Competence Construct: Competence

A)

B)

C)



 

 172 

6.2.5 The simulated and workplace environments; two views on ‘construct 
under-representation’  
 
We can hypothesise that there is an authenticity deficit that exists between 
assessments conducted in the simulated environment and assessments conducted 
in the workplace context, and that this authenticity gap can lead to construct 
underrepresentation. By increasing the fidelity of simulated operative cases, the 
authenticity of workplace based assessment can be reached. A simulation can be 
imagined that is of sufficient psychological, physical and cognitive fidelity that the 
nuances of naturalistic workplace behaviour can be replicated, observed and 

assessed to a degree of sufficient validity that competence in the workplace can be 
implied by performance in a simulation-based assessment. Such assessments in 
future may become more feasible due to improvements in simulator technology612, 
the use of in-situ simulation613, and team or interprofessional sim-based 
assessment614. A further challenge still, however, is the difficulty in using simulation 
to conduct repeated, longitudinal assessments, particularly in the current surgical 
training paradigm where training and service-provision are conducted 
simultaneously.  
 
In this respect, workplace-based assessments have a clear advantage over 
simulation-based assessment, in permitting frequent and longitudinal assessment. 
As previously discussed, a repeated number of observations are required to reliably 
assess performance in the workplace. This number is possible to estimate using 
observational data and statistical modelling578 607 608. It is conceivable that trainees 
could be observed performing a sufficient number of commonly encountered 
procedures for pooled performance assessments to be considered reliably 
representative of their competence in performing said procedure452. Conversely, 
there are several procedures for which such an assessment model is not sufficient or 
feasible. For example, it is imaginable that there are several procedures which will 
not be encountered sufficiently frequently during the average trainee’s residency to 

permit reliable procedure-specific competence assessment.  
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Therefore, even workplace based assessment may struggle to represent the 
construct of competence across all procedures in which proficient performance might 
be expected in independently practicing surgeons. It has been proposed by Williams 
et al. (2021) that performance in these low-frequency procedures should be 
assessed in aggregate452. This idea relies in part on the intuitive assumption that 
there are shared domains of knowledge and skills that transfer from low- to high-
frequency procedures and vice versa. In this way, a certain degree of canonical and 
contextual competence may be implied in once procedure by observing a trainee’s 
performance in other, more frequently performed operations452. 
 

6.2.6 High acuity, low occurrence procedures in surgery  
 
A subset of these rarely performed procedures are high-acuity procedures that, if 
used for opportunistic assessment of independent trainee performance, would 
represent an unacceptable patient safety risk. Furthermore, competence in some of 
these procedures might not necessarily be implied by skills and knowledge obtained 
from the performance of more frequently encountered procedures. A general surgery 
trainee displaying competent performance in core, common procedures 
(appendicectomy, cholecystectomy, inguinal hernia repair etc.) may not necessarily 
possess sufficient anatomical knowledge, procedural knowledge or procedure-
specific skill to safely and competently perform such procedures or manoeuvres as 
creating a surgical airway, performing a trauma thoracotomy, or cross-clamping the 
supra-coeliac aorta for control of catastrophic bleeding. The high-frequency and low-
frequency procedures are sufficiently different that significant overlap in acquired 
knowledge and skills cannot be assumed.  
 
The value of simulation in teaching for high acuity, low frequency scenarios has been 
explored in the health professions education literature615-617. Such procedures lend 
themselves to simulation, allowing for repeated deliberate-practice in a train-to-
proficiency paradigm, with opportunity for expert feedback and formative 

assessment. Furthermore, it allows for training and assessment of such procedures 
to take place in a safe environment, with no risk to patients.  
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6.2.7 Simulation-based procedural assessment and its role in certification  
 
Stakeholders support the use of simulation as an assessment modality when used in 
early surgical training, to support patient safety and safe trainee autonomy in the 
transition to in-theatre operating329. Current limitations, explored above, may limit its 
ability to reliably assess higher levels of competence required to certify more senior 
trainees, particularly when the authenticity of SBA is compared to assessment in the 
workplace. We propose, with reference to William’s et al.’s ‘a proposed blueprint for 
operative performance, training, assessment and certification’, the following role for 
simulation-based assessment in the certification of procedure-specific competencies 

in surgical training.:  
- 1) Competence in commonly performed procedures should be assessed in 

the workplace, provided that these procedures are encountered with sufficient 
frequency to permit reliable assessment in accordance with statistical 
principles of assessment reliability.  

- 2) Competence in all procedures should be assessed, at least formatively. 
Performance in ‘Mid- frequency’ procedures, i.e. procedures likely to be 
encountered during training, but not at a sufficient frequency to permit reliable 
assessment along traditional conceptualisation of reliability, can be assessed 
on aggregate, under the assumption that assessment still contributed to 
perceptions of a candidate’s operative competence across shared domains of 
knowledge, skills and attitudes across procedures.  

- 3) Lower frequency procedures can be defined as procedures deemed 
essential for surgical training that are not encountered sufficiently frequently to 
permit reliable and/or safe assessment in the workplace. A prioritised list of 
such high-acuity, low-occurrence procedures should be identified and 
assessed using simulation. This assessment should take place as part of a 
simulation-based train to proficiency model, with a view to improving patient 
safety and ensuring standardisation of graduate outcomes across unique 
training experiences and contexts. Conceptually, such a program would train 

and assess procedural competencies to at least a level of canonical 
competence, with candidates displaying a proficient level of procedure-
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specific knowledge and skill. High fidelity simulation may even permit the 
assessment of such skills to a level approaching contextual competence. It 
may be assumed that a substantial knowledge of transferrable, non-procedure 
specific knowledge, skills and attitudes will have been ensured through 
assessment of competence in frequently encountered procedures, to mitigate 
construct-under representation of the assessment framework as a whole.  

 
6.2.8 Conclusion 
 
Simulation-based assessment may struggle to feasibly replicate the operating 

environment to a sufficient level of professional authenticity to assess operative 
competence, particularly beyond the level of canonical competence. The 
assessment of higher levels of competence, i.e. contextual competence, is required 
for the certification of graduating surgical trainees. Assessment at this level is more 
authentically conducted in the workplace, with frequent, repeated assessments in a 
variety of case- specific contexts mitigating against potential construct under-
representation. The reliable assessment of competence at this level requires a 
substantial number of procedure-specific observations; this is feasible in the 
workplace for a small number of high-frequency procedures. Competence in one 
procedure cannot necessarily be assumed by the certification of competence in 
another as skill transferability is not guaranteed, particularly when said procedures 
differ substantially in their knowledge or skill domains. Workplace-based assessment 
therefore may fail to ensure competence in high-acuity, low occurrence procedures. 
These procedures can be trained and assessed in a simulated environment to 
ensure a degree of proficiency in graduating trainees who may be reasonably 
expected to perform these procedures as an independent practitioner. SBA should 
therefore form part of a programmatic approach to operative competence 
assessment, throughout training and at certification level. 
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6.3 High-stakes technical performance assessments across the continuum of 
surgical training 
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Abstract  
 
Objective:  
 
The aim of this article is to outline a proposal for the use of high stakes technical 
performance assessments, defined as assessments of technical skill that take place 
outside of the operating theatre, across the continuum of surgical training.  
 
Summary background data:  
 

Technological advancements have allowed for the assessment of operative technical 
skill outside of the workplace environment, developed and evaluated in line with 
modern concepts of assessment validity. With the introduction of competency-based 
education principles across surgical training curricula, increasing scrutiny is being 
placed on the validity and reliability of assessments used to inform high-stakes 
training decisions regarding selection, progression through training, autonomy 
granting and end-of-training certification. The role of technical performance 
assessments, conducted outside of the workplace environment, is yet to be fully 
established. 
 
 Methods:  
 
This article discusses the use of high-stakes technical performance assessments 
across the continuum of surgical training, with reference to relevant theories of 
surgical skill acquisition and assessment, along with contemporary evidence from 
the performance science literature.  
 
Results:  
 
Assessments of increasing professional authenticity are required across the 

continuum of surgical training. In an attempt to capture inherent ability rather than 
skill at the time of trainee selection, assessments should be of deliberately low levels 
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of professional authenticity. Assessment in early surgical training should focus on 
ensuring the acquisition of core surgical skills, and then assessing for canonical 
competence across a series of core, commonly encountered procedures. Baseline 
competence in these procedures should ideally be assessed prior to the transition to 
(supervised) lead operator, with a view to ensuring patient safety and improving the 
efficiency of in-theatre training. Assessment later in training relies more heavily on 
the workplace, with simulation offering a complimentary role in ensuring a minimum 
competency standard in procedures less likely to be encountered in the workplace.  
 
Conclusion:  

 
High-stakes technical performance assessments can play an important role as part 
of a programmatic approach to surgical training and certification. They can and 
should be designed with an appropriate level of professional authenticity to ensure 
adequate and appropriate representation of the assessment construct.  
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6.3.1 Surgical Skill and the Acquisition of Operative Competence 
 
Surgery is somewhat unique across the medical subspecialties, in that certification of 
competence requires a greater focus on the acquisition and assessment of technical 
skill. Skill development can be described using a number of theories from the social 
sciences; Fitts and Posner’s 3-stage theory of motor skill acquisition puts forward 
that the mastery of a technical skill requires the learner to progress through three 
distinct stages: 1) the cognitive or learning stage, 2) the associative or motor 
behaviour stage, and 3) the autonomous or expert stage618. Competence is achieved 
through training and deliberate practice, with skill observation, assessment, and 

expert feedback619 620. It is in turn influenced by learner behaviours such as the 
degree to which they engage with repeated deliberate practice286 or mental 
rehearsal621. Traditionally, surgery has relied on a time-based educational structure, 
informed by an apprenticeship model of training and assessment622. Increasingly, 
competency-based education curricula have been introduced across surgical training 
jurisdictions430 431 623, with a focus on time-independent certification of graduate 
outcome capabilities, in line with principles of mastery learning.  In this article we 
discuss the use of technical performance assessments across surgical training in 
line with competency-based education principles. We define technical performance 
as assessments of technical aptitude, skill, or competence that take place outside of 
the operating theatre context. These include simulation-based assessments, but also 
assessments of technical aptitude that do not attempt to simulate real-world surgical 
tasks or procedures.  
 
6.3.2 Mastery Learning, Competence and Surgical Training 
 
Mastery learning concepts are congruent with the principles of competency-based 
education. In essence, mastery learning requires that trainees are taught and 
assessed against rigorous knowledge, skill and affective attributes in a time-
independent fashion, with deliberate practice and remediation undertaken by those 

who fail to achieve such standards until they are met624.  Seven key features of 
mastery learning curricula are described624 625:  
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1) baseline assessment 
2) learning objectives sequenced in order of increasing difficulty 
3) engagement in educational activities such as deliberate practice 
4) a pre-defined minimum passing standard 
5) formative assessment to gauge achievement of an educational outcome, followed 
by  
6) advancement to the next educational outcome once the pre-defined standard is 
reached, and  
7) continued practice until the pre-defined mastery standard is reached625.  
 

Central to mastery learning is the definition of a minimum passing standard. In 
competency-based curricula, this requires a definition of ‘competence’ ; in surgery, it 
further requires a working definition of what competence means in the context of 
technical, or more broadly ‘operative’ skill. Defining competence has proven to be 
elusive. Comprehensive definitions such as ‘the habitual and judicious use of 
communication, knowledge, technical skills, clinical reasoning, emotions, values, and 
reflection in daily practice for the benefit of the individual and community being 
served’ have been proposed592. While capturing a broad range of knowledge, skill 
and attribute domains expected of independently practicing surgeons, such 
definitions are difficult to operationalise when it comes to the assessment of a given 
trainee when performing a particular procedure or skill. This has led to the 
development of high level outcomes such as ‘generic professional capabilities’ and 
‘capabilities in practice’ in the United Kingdom context374 and ‘milestones’373 in the 
United States. Performance in individual procedures or tasks is assessed against 
these pre-defined outcomes using tools such as ‘Procedure Based Assessments 
(PBAs) in the United Kingdom and Ireland599, and ‘Entrustable Professional Activity’ 
(EPA) assessments in the US context600. 
 
Ten Cate et al. (2023) have recently developed a conceptualisation of competence 
as a multi-layered construct incorporating three distinct layers, acquired in a 

hierarchical fashion across medical training601. The first layer is ‘canonical 
competence’ – context-independent knowledge and skill. This is followed by 
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‘contextual competence’ with an emphasis on the application of these skills in the 
clinical workplace environment. Finally, a third layer of ‘personalised competence’ is 
outlined, focussing on the development of a personal style of health care provision, 
grounded in adequate knowledge and skill601. Such a framework is readily applicable 
to surgical training and has implications for assessment across the continuum from 
selection to certification. It is postulated that canonical competence is readily 
assessed using standardised methods, such as simulation, but that contextual 
competence, as the name suggests, is better assessed in the workplace 
environment.  
 

6.3.3 Assessment across the Continuum of Surgical Education 
 
Though postgraduate surgical curricula differ across jurisdictions and sub-
specialties, there are certain core and common features related to skill assessment. 
The first is the requirement for some form of selection or recruitment of surgical 
trainees, at which point technical skill or aptitude is inconsistently assessed378. The 
next is the process of progression through training, with technical skill either formally 
or informally assessed through a variety of modalities and tools. Finally, a judgement 
is required to be made regarding the ability of a given trainee to independently 
operate at the point of certification.  The Irish postgraduate surgical training 
programme, administered by the Royal College of Surgeons in Ireland, can provide 
an example (Figure 6.3.1).  
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Figure 6.3.1: A simplified representation of the Irish surgical training curricula. The 
General Surgery curriculum 2021 outlines two distinct phases of Higher Specialist 
Training; at the end of phase one (indicative time four years) trainees are expected 
to have achieved competence ‘to the level of a day-one consultant’ in a variety of 
core emergency and elective general surgery procedures, before developing further 
competence in an area of sub-specialty interest during phase 3.  
 
Prospective candidates undergo a centralised, standardised multi-faceted selection 
process incorporating assessments of technical aptitude, scored performance in 

undergraduate education, and performance in a multi-station mini-interview. 
Successful candidates then undergo two years of undifferentiated ‘Core Surgical 
Training’, rotating through various clinical posts, with technical skill assessed using a 
combination of simulation- and workplace-based assessments. Candidates then 
apply for ‘Higher Specialist Training’ in their chosen field, nominally a six year 
program during which operative competence is primarily assessed in the workplace. 
On successful completion of Higher Specialist Training, informed by performance in 
a variety of technical and non-technical assessments in conjunction with 
performance in the Intercollegiate Fellowship Examinations, trainees are awarded a 
Certificate of Completion of Specialist Training (CCST). We will now discuss how 
assessment outside the operating theatre can be incorporated into such an 
assessment programme with reference to modern conceptualisations of 
competence, assessment validity and mastery learning principles. 
 
 
 
 

Selection Core Surgical Training Higher Specialist Training Certification
Phase 2 Phase 3

Critical progression point Critical progression point Critical progression point Critical progression point



 

 183 

6.3.4 Assessing technical skill outside of the operating room: representing the 
appropriate construct  
 
Essential to the development of any technical performance assessment is the 
definition of the construct, and its interpretation626. In the context of end-of-training 
certification in general surgery, for example, we might expect ‘competence’ to be the 
construct of interest, defined as the level expected of a ‘day-1 consultant’ who can 
‘managed patients presenting with the full range of emergency General Surgery 
conditions and elective conditions in the generality of General Surgery’374. With 
reference to ten Cate et al,’s conceptualisation of competence, this would require 

certification of the contextual competence of trainees. As we have previously 
discussed, such assessments would need to capture a broad range of knowledge, 
skills and attitudes across a variety of applied clinical contexts. Performance 
assessments, unless they replicate the operating room environment and fidelity of 
tissue to a sufficient level of professional authenticity, risk under-representing this 
construct577 627. Assessing procedural competence requires an acknowledgment that 
domains beyond technical ability – teamwork, communication, and judgement for 
example – must be acknowledged, observed, and ‘measured’. Even high-fidelity 
simulations are unlikely to capture the broad range of clinical scenarios encountered 
in the workplace, making workplace-based assessment potentially more meaningful 
at senior levels of training601.  Workplace-based assessments further have the 
advantage of being more feasibly conducted in a longitudinal, repeated fashion. 
 
It is important also to recognise the reverse of this concept; over-representation of 
the intended construct can lead to less meaningful, and less valid assessment627 628. 
Assessments should not be so complex that they are beyond the expected level of a 
trainee’s learning627. Not only do overly-complex assessments unnecessarily assess 
skill that has not yet been learned, they also increase cognitive load leading to 
performance in the intended task to suffer627.  Take, for example, technical aptitude 
assessments used to inform selection onto surgical training. In RCSI’s selection 

framework, such aptitude assessments make no attempt to replicate real-world 
procedures or tasks629.  Such assessments are not intended to assess competence, 
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or even ‘skill’, but rather aptitude or learning potential630 631. A high-fidelity, full 
procedural simulation-based assessment in this context would be meaningless, as 
candidates would not and should into be expected to have sufficient learned skill. 
Even simple simulations of technical skill such as suturing, for example, could qualify 
as construct over-representation in this context, as assessments would potentially 
favour candidates with increased operative exposure rather than ability. In early 
training, assessments of such core skills as suturing are entirely appropriate as 
candidates would be expected to have acquired these skills through their training 
experience. Again, full procedural simulation in the context of early or ‘Core’ training 
would risk increased cognitive load and unnecessarily complex assessments of 

procedural planning, intra-operative communication and advanced manoeuvres577. 
Increasing cognitive load could in turn affect performance in the intended construct, 
e.g. suturing577. Furthermore, increasing the professional authenticity of performance 
assessments invariably leads to feasibility concerns and greater costs632, further 
emphasising the need for simulations of appropriate fidelity at each stage of surgical 
training633.  
 
6.3.5 Technical Performance assessments across the continuum of surgical 
training 
 
In light of the above considerations with respect to mastery learning, competency-
based education principles and assessment validity, it follows that the professional 
authenticity of technical performance assessments needs to increase along the 
continuum of surgical training from selection to certification, in order to appropriately 
capture the intended construct(s) at each stage and minimise the risk of construct 
under- or over-representation (Figure 6.3.2).  
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Figure 6.3.2: The professional authenticity of assessments should increase along the 
continuum of surgical training from selection to end-of-training certification 
 
Given current technological, cost and feasibility constraints related to simulation-
based assessment of operative competence, it is unlikely at present that simulation 
can be used to assess the broad range of  context-dependent knowledge, skills, and 
attitudes required for certification as an independent performer of operative 
procedures at certification level. While such standardised assessments are valuable 
in determining canonical competence, workplace-based assessment, informed by 
the judgement of expert assessors, may provide a more meaningful assessment of 
contextual competence at a senior level of training (Figure 6.3.3).  
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Figure 6.3.3: Current simulation technology limits the ability to assess contextual 
competence due to deficiencies in fidelity and therefore professional authenticity  
 

6.3.6 Proposals regarding the use of technical performance assessments in 
surgical training 
 
6.3.6.1 Selection and Recruitment 
 
At selection, technical performance assessments should purposefully be designed to 
be of low professional authenticity, and should not attempt to replicate real-world 
procedures. This should be implemented to avoid construct under-representation, 
with the intent of assessing aptitude  rather than skill, competence or related higher 
constructs. Aptitude should be interpreted as displaying sufficient innate technical 
ability such that competence in operative procedures is likely to be achieved during 
surgical training, over a reasonable timescale. Performance in such aptitude 
assessments should ideally not improve with increasing operative exposure. As 
technical aptitude is just one desirable attribute of many when selecting surgical 
trainees634, such assessments should form part of a multi-factorial approach to 
recruitment where utilised, and should demonstrate predictive validity635. As a core 
principle of mastery learning is that all learners should be capable of becoming 
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proficient in a given skill given sufficient repeated deliberate practice, we do not 
propose that a ‘cut-off’ score derived from such assessments is used for categorical 
selection decisions. 
 
6.3.6.2 Progression through training  
 
In early surgical training, technical performance assessments should be of 
appropriate fidelity to assess the intended construct. Initially, such assessments will 
likely focus on ensuring sufficient level of competence in core surgical skills such as 
suturing, knot tying, basic laparoscopic skills and others. Increasing simulator fidelity 

can then lead to the assessment of canonical competence in full procedures or more 
complex skills. Simulation-based assessments at this level have an advantage over 
workplace-based assessment in this context as they are more readily 
standardisable. This in turn allows training programs to ensure that junior trainees, 
with heterogenous training experiences, have acquired the necessary technical skills 
and procedural knowledge to progress to more senior levels of training. Given the 
substantial published validity evidence regarding train-to-proficiency models in 
surgical training100 636 637, we have previously argued that such training and 
assessment take place, where possible, prior to undertaking a supervised role as 
lead operator in the theatre setting638. At this point in training, the focus should be on 
assessing competence in skills and procedures that are frequently encountered in 
the workplace context. This has proposed benefits for patient safety, though such 
outcomes are difficult to ascertain639. Further hypothesised positive impacts relate to 
the efficiency of surgical training; ensuring canonical competence prior to in-theatre 
operating could allow theatre training time to be used for teaching and assessing 
context-dependent knowledge, skills and attitudes. Whether performance in such 
assessments could impact upon autonomy granting decisions or entrustment 
remains to be further studied.  
 
In RCSI, simulation-based assessments of core, undifferentiated operative skills 

inform decisions on competitive progression from Core Surgical Training to Higher 
Specialist Training in the candidate’s surgical specialty of interest. In recognition 
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once more that technical performance represents just one domain of competence 
desirable in trainees at this critical progression point, progression to Higher 
Specialist Training is decided on the basis of a programmatic approach to 
assessment of technical skills, non-technical skills and professional development43. 
 
6.3.6.3 Certification 
 
We have previously argued that workplace-based assessment represents a more 
meaningful tool for assessing contextual competence in senior levels of training. This 
is in part due to the difficulty in feasibly conducting repeated longitudinal 

assessments using simulation.  Furthermore, there is a perceived inability of current 
simulator technology to replicate the complexities and nuances of the operating 
environment to a sufficient degree to reliably assess contextual competence. This 
does not mean, however, that performance assessments have no role at this level. 
Rather, instead of focussing on single time point high stakes technical skill 
examinations14 15, we propose that simulation-based assessment at this level should 
focus on the certification of canonical competence in procedures or skills in which a 
degree of proficiency is expected but which are encountered insufficiently frequently, 
or are of too high-acuity, to permit safe and/ or reliable assessment in the workplace.  
 
6.3.7 Looking to the future 
 
The hierarchical assessment concept of baseline aptitude testing, simulated skill 
assessment, and simulated full procedural assessment prior to supervised in-theatre 
operating may be familiar to those who have undertaken robotic surgery training640. 
Industry led training curricula, by coincidence or design, follow similar principles to 
those outlined above, likely informed by theories of mastery learning641. It is 
interesting that pre-procedural certification of a degree of competence prior to 
performing procedures for patients is accepted, and indeed mandated, in robotic 
surgery. This framework has yet to be applied across other surgical modalities. This 

is perhaps due to the current training structure which requires surgical trainees to 
provide a patient service in conjunction with their training in open and laparoscopic 
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surgery. In any case, the mastery learning, assessment validity and competency-
based education principles herein provide theory- and evidence-based support for 
these curricula, and also provide for a curricular framework by which future robotics 
training, for example, could be delivered across the continuum of surgical training 
(Figure 6.3.4).  
 

 
Figure 6.3.4: Framework for the use of technical performance assessments across 
surgical training, with reference to a proposed assessment framework for robotic 
surgical training across the continuum from selection to certification 
 
6.3.8 Conclusions 
 
Competency-based education in surgical training requires reliable and valid 
assessment of operative competence. Modern conceptualisations of competence 
frame it as a complex and multi-layered construct, with ten Cate et al. (2023) 
describing three distinct hierarchical layers – canonical competence, contextual 
competence, and personalised competence. Before competence is even considered, 
the construct of technical aptitude or ability can be considered and assessed using 
technological assessments. Assessing higher levels of operative competence 
requires assessments of increasing professional authenticity, while conversely 

Selection Core Surgical Training Higher Specialist Training Certification
Phase 2 Phase 3

Critical progression point Critical progression point Critical progression point Critical progression point

Aptitude 
assessments

Simulation-based assessments 
of core tasks

Simulation-based assessments 
of core procedures

Simulation-based assessments of focusing on procedures 
encountered insufficiently frequently in practice to facilitate WBA 

Accompanying simulation-based training 

Complimentary workplace-based assessments Increasing primacy of workplace-based assessment

Technical performance 
assessment framework

Robotic performance 
assessment framework

Aptitude 
assessments

Simulation-based assessments 
of robotic tasks

Simulation-based assessments 
of robotic procedures

Simulation-based assessments of focusing on procedures 
encountered insufficiently frequently in practice to facilitate WBA 

Increasing primacy of workplace-based assessment – i.e. supervised 
performance/ proctoring
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constructing assessments that are unnecessarily complex risks construct over-
representation which in itself is a threat to assessment validity. We have therefore 
outlined proposals for the appropriate use of technical performance assessments as 
part of a programmatic approach to selection, progression through training and end-
of-training certification, with reference to contemporary conceptualisations of mastery 
learning, assessment validity and competency-based education. 
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6.4 Future Directions 

 

The findings from this thesis give rise to several questions which could form the 
basis of future research.  
 
6.4.1 Using technical aptitude assessments to inform selection decisions 
 
We have demonstrated that measures of technical aptitude are positively associated 
with the future performance of surgical trainees in early surgical training, and have 
further demonstrated how these assessments can be used to inform selection as 
part of a multi-modality approach to trainee recruitment. Whether these positive 
associations extend beyond the early years of surgical training should be studied. 
Furthermore, these aptitude assessments rely on the assumption that they measure 
innate aptitude as opposed to accrued fine motor skill or dexterity. For this reason 
scores achieved in these assessments should not improve over the course of 
surgical training; this assumption can and should be tested. Furthermore, the 
reliability of these assessments (i.e. how many observations or iterations are 
required to make a summary judgement of a trainee’s innate ability) should be 
further explored by future studies.  Finally, the acceptability of such an approach to 
trainee selection should be explored in line with principles of Social Validity.  
 
6.4.2. Using SBA to inform progression through training 

 
The validity of RCSI’s assessment curriculum during Core Surgical Training has 
been previously explored. Given the ethical, theoretical and evidence-based 
recommendations outlined in this thesis, should trainees be mandated to reach a 
degree of proficiency in key procedural tasks or skills prior to undertaking supervised 
‘in-theatre’ operating as the lead surgeon? What would the acceptability and validity 
of such an approach be and would there be subsequent measurable impacts on 
patient safety, trainee autonomy or trainee learning? Can we use simulation-based 
assessment to ensure that key training outcomes are met by all Core Surgical 
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Trainees, regardless of their unique and context-dependent operative experience 
across rotations? 
 
6.4.3. Using SBA  to inform end-of-training certification decisions 
 
We have demonstrated that trainees and trainers are skeptical regarding the value of 
a single time-point, high-stakes simulation-based technical skill assessment being 
used to inform certification decisions. Future studies can explore whether a technical 
skills assessment deployed earlier in Higher Specialist Training, modelled on the 
assessment framework outlined in this thesis, can be used to meaningfully identify 

trainees in need of remediation early in their specialty training. Furthermore, it 
remains to be seen whether adopting a mastery-learning approach to such 
assessments, with trainees allowed to repeat until a certain standard is met, would 
lead to better training or patient-care outcomes.  
 
Future simulator technology will determine whether sufficient fidelity can be reached 
to approach the authenticity of workplace-based assessment. Future studies could 
incorporate in-situ assessments with a team-based approach in order to improve the 
psychological fidelity of SBA. The utility of such assessments could be subsequently 
evaluated in order to determine whether they could be used to inform decisions 
regarding a trainee’s level of contextual competence. Finally, trainers and trainees 
have suggested a role for SBA as complementary to workplace-based assessments. 
SBA could be used to assess competence in procedures which are encountered too 
infrequently, or are of too high acuity, for assessment to be reliably and/or safely 
conducted in the workplace. Delphi methodology and longitudinal performance data 
could be used to identify these procedures. A simulation-based training and 
assessment curriculum could be devised with a view to ensuring the competence of 
graduating trainees in a series of high-acuity, low-frequency procedures. Whether 
such an approach would improve the validity of a programmatic approach to 
operative competence assessment remains to be studied. Determining the benefits 

of such an approach on patient and educational outcomes represents a daunting 
challenge, but should nevertheless be considered by future studies.  
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6.5 Methodological Considerations  

 

The methodological strengths and limitations of this thesis will now be further 
considered.  
 
6.5.1 Strengths:  
 
Presented reviews were conducted and reported in line with best practice as outlined 
by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRSIMA) guidelines642 and PRISMA- Scoping Review (ScR) extension643. Exploring 
the perspectives of key stakeholders and trainees toward simulation-based 
assessment followed an iterative approach as outlined by Artino et al. in “Developing 
questionnaires for educational research: AMEE Guide No. 87”644. Perspectives and 
experiences on simulation-based assessments were sought from a broad range of 
stakeholder representatives, including a patient representative. Findings from 
qualitative research are reported in line with established COnsolidated criteria for 
REporting Qualitative Research (COREQ) guidelines305. 
 
The studies outlined in ‘Chapter 3: Validity evidence for the use of objective technical 
aptitude assessments at the time of surgical trainee selection’ are sufficiently 
powered, and are reported in line with recommendations from the STrengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) statement 2007349. 

Potential predictor variables were recorded prior to outcome variables, and attempts 
were made to statistically account for recognized confounders. 
 
In Chapter 4, we use longitudinal trainee assessment data from an established Core 
Surgical Training program to determine use patterns for workplace-based 
assessments of operative competence. A recognized ‘Task, Gap, Action’ framework 
is used to formally evaluate the feedback quality of formative assessments. The 
large number of submitted assessments by a large number of trainees and trained 
assessors is a strength in this regard. The use of generalizability theory to explore 
the reliability of assessments in this chapter deserves further exploration. The 
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strength of generalizability theory is that, unlike in ‘classical’ reliability theory, 
sources of measurement error can be investigated by one single study or 
experiment. In the absence of accepted ‘sample size’ guidelines for such studies, we 
have restricted the exploration of procedure-specific assessment reliability to 
procedures which have been completed by more than 50 trainees, in line with 
suggested practice from published literature440. As the function of workplace-based 
assessments of operative competence in a competency-based training program 
should be to determine the competence of a given trainee as an absolute, and  not in 
relation to their colleagues, the index of dependability Φ was utilized instead of a ‘G’ 
statistic when initially evaluating workplace-based assessment reliability. This 

statistic, accounting for absolute as opposed to relative error variance, is a more 
robust measure of assessment reliability in this context. Again, the large number of 
trainers, trainees and submitted assessments is a strength of this study.   
 
The validation of the Objective Surgical Skill examination followed a contemporary 
validity evidence framework (Messick’s) and benefitted from a prospective approach. 
The naturalistic observation of an implemented SBA as it occurs in practice allows us 
to investigate the validity of SBA in a context-specific fashion. Again, generalizability 
theory was used to compare the reliability of workplace-based and simulation-based 
assessments of technical skill. Since the OSS examination is used to rank 
candidates (and contributes toward decisions on progression to Higher Specialist 
Training), the ‘G’ statistic is a more appropriate measure of reliability than the index 
of dependability Φ.  
 
In Chapter 5, we discuss the development of a novel simulation-based assessment 
of operative competence for use in Higher Specialist Training in General Surgery. A 
strength of this chapter is the formalized approach to content validity generation by 
producing a prioritised procedural list for use in station-generation. Though a 
Copenhagen Academy for Medical Education and Simulation (CAMES) Needs 
Assessment Formula has been used to generate content for training to a simulation-

based curriculum645-647, this is the first time (to our knowledge) that a modified 
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version of this formula has been used to generate content validity evidence for 
trainee assessment.  
 
Our novel assessment was further developed and evaluated using a contemporary 
approach as outlined by Cook and Hatala (2016)173. Our mixed-method approach to 
validity evidence generation, incorporating qualitative methodology, sheds new light 
on the use of simulation-based assessment in senior training. Evidence regarding 
the confounding effect of utilized models, and the perceived inability of simulation to 
capture contextual competence, are two important concepts which threaten the 
validity of simulation as an assessment modality and would not have been recorded 

by quantitative methods alone.  
 
6.5.2 Limitations 
 
The heterogeneity of methods, tools and assessment contexts reported in the 
medical education literature prevented meta-analysis in the reviews reported as part 
of this thesis. In Chapter 2, individual representatives from stakeholder groups were 
recruited to describe their perceptions and experiences of simulation-based 
assessment. This generated a diverse range of views, though critics of this approach 
may highlight that the heterogeneity of such a group limits the conclusions that can 
be drawn. Furthermore, the inclusion of a simulation-industry representative could be 
viewed as introducing bias, though in our opinion the addition of industry knowledge 
was important to provide a perspective on the feasibility of -  and technological 
considerations related to - simulation as an assessment modality. The response rate 
for our trainee survey was poor. In hindsight, this may be due to the large number of 
items contained within this survey. A shorter survey tool may have yielded a higher 
response rate.  
 
While in chapter three we have explored the validity of technical aptitude 
assessments in surgical trainee selection, we recognize that technical aptitude is just 

one of several domains that are valued at the time of recruitment. It is difficult, if not 
impossible, for any selection framework to account for such a diverse range of 
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sought after technical and non-technical skills and attributes. The concept of ‘tests 
predicting tests’, where candidates who are proficient at undertaking assessments 
continue to excel across assessments of similar constructs across training, is a 
threat to assessment validity at the time of recruitment. The extent to which this 
concept impacts upon validity again relates to the extent in which aptitude 
assessments are assessments of innate ability and not acquired skill. Furthermore, 
the relationship between measured factors at the time of selection and progression 
to Higher Specialist Training depends further on the validity of the selection process 
informing decisions on progression from Core Surgical training to Higher Specialist 
Training; this is not explored as part of this thesis.  

 
In Chapter four we use a ‘Task, Gap’ Action’ framework to evaluate the feedback 
provided to trainees as part of workplace-based assessments. As the ‘task’ at hand 
is readily apparent from the procedure being assessed, this domain was not 
analysed for submitted assessments, and thus the tool is modified. The validity of 
this modified tool has not been assessed. We further extensively use generalizability 
theory to explore the reliability of assessments in this chapter. In theory, a wide 
range of potential sources of measurement error can be analysed using this theory 
and related methods. This is somewhat limited by what can be, and has been, 
assessed by the workplace-based and simulation-based assessment tools used. The 
comparison of reliability metrics across assessment modalities (i.e. comparing the 
reliability of simulation- and workplace-based assessment) generates further 
methodological challenges. An important consideration would be whether workplace-
based and simulation-based assessments in Core Surgical Training assess the 
same construct. As SBA at this level assesses a well-defined set of procedural skills 
and tasks, the construct represented by workplace-based assessments is broader, 
incorporating context-specific competencies that can only be assessed in the 
workplace. While certainly a limitation when comparing reliability metrics, this 
concept further supports our hypothesis that simulation and workplace-based 
assessments play a complimentary role in surgical training.  
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In Chapter five, an important consideration is whether our approach to content 
generation (using a Copenhagen Academy for Medical Education and Simulation 
[CAMES] needs assessment framework) represents a true ‘Delphi’ process. While 
initial content was generated from the existing general surgery training curriculum of 
Ireland and the United Kingdom (and not initial brainstorming) such an approach was 
deemed to add value to this study given its aim to establish content for an 
assessment designed to align with this established curriculum. Feasibility and cost 
considerations limited the number of iterations of our novel assessment that we 
could run, and this in turn impacted upon the sample size. Furthermore, comparing 
scores awarded to higher specialist trainees of closer grade, or comparing senior 

trainees to scores achieved by consultant colleagues, may have added to the 
methodological rigor of our approach. Recruitment and cost challenges prevented 
further exploration in this direction. A larger sample of trainers and trainees recruited 
to our qualitative case study may have allowed for a ‘grounded theory’ approach to 
theory generation regarding the acceptable use of SBA to inform certification 
decisions. Such an approach may be considered in future.  
 
The overarching framework used to develop the research questions for this thesis 
was Van der Vleuten’s utility formula22, which posits that the usefulness of an 
assessment is a function of its validity, reliability, cost effectiveness, acceptability 
and educational impact. It is clear that much work remains to be done to evaluate 
each of these domains across the assessment time-points reported in this thesis. At 
selection level, the reliability of technical aptitude assessments can and should be 
formally investigated. Furthermore, the social validity, related to assessment 
acceptability, of these aptitude assessments could be further investigated. Future 
prospective work will be required to ensure that RCSI’s utilized selection framework 
meets high standards of diversity, equity and inclusion. Across our reported 
assessments, and indeed across the assessment literature, there is a lack of 
evidence regarding cost-effectiveness. How the cost-effectiveness of such 
assessments should be reported and measured is an area for future study 

development.   
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6.6 Conclusion 
 
In conclusion, this thesis presents utility evidence for the use of high-stakes technical 
performance assessments across the continuum of surgical training, from trainee 
selection to certification. We have identified strengths and limitations of currently 
utilized assessment modalities and have suggested areas where simulation or 
aptitude assessments can improve the validity of programmatic assessment. The 
validity evidence of technical aptitude assessments were explored at the time of 
trainee selection, with evidence to date suggesting that such assessments can 
predict technical performance in early surgical training. We have further explored 

threats to the validity of currently utilized workplace-based assessments in Core 
Surgical Training and have prospectively collated validity evidence for an established 
simulation-based assessment of technical skill at this level. An evidence- and theory-
based approach to assessment development was used to design a novel simulation-
based assessment intended to examine the operative competence of senior surgical 
trainees, with acceptable quantitative validity metrics generated. Qualitative evidence 
generated from our work has suggested a framework by which we should design 
technical performance assessments across surgical training. Across the continuum, 
an increasing number of domains contribute to ‘competence’. In order to assess 
these domains meaningfully, assessments of increasing professional authenticity are 
required over the course of surgical training. Simulation-based assessments may 
struggle to reach professional authenticity levels approaching that of workplace-
based assessment, which limits the ability of such assessments to assess contextual 
competence in surgical trainees. We therefore envisage a complimentary role of 
simulation-based assessment across surgical training. It can be acceptably used 
early in training, prior to in-person operating, to ensure canonical competence in core 
procedural skills and tasks. In more senior training, it can again be used to assess 
canonical competence in procedures encountered too infrequently in practice to 
permit safe and reliable workplace-based assessment.  
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8. Supplemental Material   

 

8.1 Supplemental Material, Chapter 1 

8.1.1 Appendix 1.1 

Search strategy: 

Search terms: (Simulation) AND (Certification OR Selection OR Recruitment OR 
credentialing OR Progression OR entrustment OR privileging OR autonomy granting) 
AND (Surgery) AND (internship and residency OR training OR residency education) 
AND (Assessment) 
 

Search strategy as applied to the Medline (PubMed) database:  

Search: (Simulation) AND (Certification OR Selection OR Recruitment OR 
credentialing OR Progression OR entrustment OR privileging OR autonomy 
granting) AND (Surgery) AND (internship and residency OR training OR 
residency education) AND (Assessment) 
("computer simulation"[MeSH Terms] OR ("computer"[All Fields] AND 
"simulation"[All Fields]) OR "computer simulation"[All Fields] OR "simulation"[All 
Fields] OR "simul"[All Fields] OR "simulate"[All Fields] OR "simulated"[All Fields] OR 
"simulates"[All Fields] OR "simulating"[All Fields] OR "simulation s"[All Fields] OR 
"simulational"[All Fields] OR "simulations"[All Fields] OR "simulative"[All Fields] OR 
"simulator"[All Fields] OR "simulator s"[All Fields] OR "simulators"[All Fields]) AND 
("certificate"[All Fields] OR "certificate s"[All Fields] OR "certificated"[All Fields] OR 
"certificates"[All Fields] OR "certification"[MeSH Terms] OR "certification"[All Fields] 
OR "certifications"[All Fields] OR ("select"[All Fields] OR "selectability"[All Fields] OR 
"selectable"[All Fields] OR "selected"[All Fields] OR "selecting"[All Fields] OR 
"selection s"[All Fields] OR "selection, genetic"[MeSH Terms] OR ("selection"[All 
Fields] AND "genetic"[All Fields]) OR "genetic selection"[All Fields] OR "selection"[All 
Fields] OR "selectional"[All Fields] OR "selections"[All Fields] OR "selective"[All 
Fields] OR "selectively"[All Fields] OR "selectives"[All Fields] OR "selectivities"[All 
Fields] OR "selectivity"[All Fields] OR "selects"[All Fields]) OR ("recruit"[All Fields] 
OR "recruited"[All Fields] OR "recruiter"[All Fields] OR "recruiters"[All Fields] OR 
"recruiting"[All Fields] OR "recruitment"[All Fields] OR "recruitments"[All Fields] OR 
"recruits"[All Fields]) OR ("credentialed"[All Fields] OR "credentialing"[MeSH Terms] 
OR "credentialing"[All Fields] OR "credential"[All Fields] OR "credentials"[All Fields]) 
OR ("disease progression"[MeSH Terms] OR ("disease"[All Fields] AND 
"progression"[All Fields]) OR "disease progression"[All Fields] OR "progression"[All 
Fields] OR "progress"[All Fields] OR "progressed"[All Fields] OR "progresses"[All 
Fields] OR "progressing"[All Fields] OR "progressions"[All Fields] OR 
"progressive"[All Fields] OR "progressively"[All Fields] OR "progressives"[All Fields]) 
OR ("entrust"[All Fields] OR "entrustability"[All Fields] OR "entrustable"[All Fields] 
OR "entrusted"[All Fields] OR "entrusting"[All Fields] OR "entrustment"[All Fields] OR 
"entrusts"[All Fields]) OR ("privilege"[All Fields] OR "privileged"[All Fields] OR 
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"privileges"[All Fields] OR "privileging"[All Fields]) OR (("autonomies"[All Fields] OR 
"autonomy"[All Fields]) AND ("financing, organized"[MeSH Terms] OR 
("financing"[All Fields] AND "organized"[All Fields]) OR "organized financing"[All 
Fields] OR "grant"[All Fields] OR "grants"[All Fields] OR "granted"[All Fields] OR 
"granting"[All Fields]))) AND ("surgery"[MeSH Subheading] OR "surgery"[All Fields] 
OR "surgical procedures, operative"[MeSH Terms] OR ("surgical"[All Fields] AND 
"procedures"[All Fields] AND "operative"[All Fields]) OR "operative surgical 
procedures"[All Fields] OR "general surgery"[MeSH Terms] OR ("general"[All Fields] 
AND "surgery"[All Fields]) OR "general surgery"[All Fields] OR "surgery s"[All Fields] 
OR "surgerys"[All Fields] OR "surgeries"[All Fields]) AND ("internship and 
residency"[MeSH Terms] OR ("internship"[All Fields] AND "residency"[All Fields]) OR 
"internship and residency"[All Fields] OR ("education"[MeSH Subheading] OR 
"education"[All Fields] OR "training"[All Fields] OR "education"[MeSH Terms] OR 
"train"[All Fields] OR "train s"[All Fields] OR "trained"[All Fields] OR "training s"[All 
Fields] OR "trainings"[All Fields] OR "trains"[All Fields]) OR (("internship and 
residency"[MeSH Terms] OR ("internship"[All Fields] AND "residency"[All Fields]) OR 
"internship and residency"[All Fields] OR "residencies"[All Fields] OR "residency"[All 
Fields] OR "reside"[All Fields] OR "resided"[All Fields] OR "residence"[All Fields] OR 
"residence s"[All Fields] OR "residences"[All Fields] OR "residency s"[All Fields] OR 
"resident"[All Fields] OR "resident s"[All Fields] OR "residents"[All Fields] OR 
"resides"[All Fields] OR "residing"[All Fields]) AND ("educability"[All Fields] OR 
"educable"[All Fields] OR "educates"[All Fields] OR "education"[MeSH Subheading] 
OR "education"[All Fields] OR "educational status"[MeSH Terms] OR 
("educational"[All Fields] AND "status"[All Fields]) OR "educational status"[All Fields] 
OR "education"[MeSH Terms] OR "education s"[All Fields] OR "educational"[All 
Fields] OR "educative"[All Fields] OR "educator"[All Fields] OR "educator s"[All 
Fields] OR "educators"[All Fields] OR "teaching"[MeSH Terms] OR "teaching"[All 
Fields] OR "educate"[All Fields] OR "educated"[All Fields] OR "educating"[All Fields] 
OR "educations"[All Fields]))) AND ("assess"[All Fields] OR "assessed"[All Fields] 
OR "assessement"[All Fields] OR "assesses"[All Fields] OR "assessing"[All Fields] 
OR "assessment"[All Fields] OR "assessment s"[All Fields] OR "assessments"[All 
Fields]) 
Translations 
Simulation: "computer simulation"[MeSH Terms] OR ("computer"[All Fields] AND 
"simulation"[All Fields]) OR "computer simulation"[All Fields] OR "simulation"[All 
Fields] OR "simul"[All Fields] OR "simulate"[All Fields] OR "simulated"[All Fields] OR 
"simulates"[All Fields] OR "simulating"[All Fields] OR "simulation's"[All Fields] OR 
"simulational"[All Fields] OR "simulations"[All Fields] OR "simulative"[All Fields] OR 
"simulator"[All Fields] OR "simulator's"[All Fields] OR "simulators"[All Fields] 
Certification: "certificate"[All Fields] OR "certificate's"[All Fields] OR "certificated"[All 
Fields] OR "certificates"[All Fields] OR "certification"[MeSH Terms] OR 
"certification"[All Fields] OR "certifications"[All Fields] 
Selection: "select"[All Fields] OR "selectability"[All Fields] OR "selectable"[All Fields] 
OR "selected"[All Fields] OR "selecting"[All Fields] OR "selection's"[All Fields] OR 
"selection, genetic"[MeSH Terms] OR ("selection"[All Fields] AND "genetic"[All 
Fields]) OR "genetic selection"[All Fields] OR "selection"[All Fields] OR 
"selectional"[All Fields] OR "selections"[All Fields] OR "selective"[All Fields] OR 
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"selectively"[All Fields] OR "selectives"[All Fields] OR "selectivities"[All Fields] OR 
"selectivity"[All Fields] OR "selects"[All Fields] 
Recruitment: "recruit"[All Fields] OR "recruited"[All Fields] OR "recruiter"[All Fields] 
OR "recruiters"[All Fields] OR "recruiting"[All Fields] OR "recruitment"[All Fields] OR 
"recruitments"[All Fields] OR "recruits"[All Fields] 
credentialing: "credentialed"[All Fields] OR "credentialing"[MeSH Terms] OR 
"credentialing"[All Fields] OR "credential"[All Fields] OR "credentials"[All Fields] 
Progression: "disease progression"[MeSH Terms] OR ("disease"[All Fields] AND 
"progression"[All Fields]) OR "disease progression"[All Fields] OR "progression"[All 
Fields] OR "progress"[All Fields] OR "progressed"[All Fields] OR "progresses"[All 
Fields] OR "progressing"[All Fields] OR "progressions"[All Fields] OR 
"progressive"[All Fields] OR "progressively"[All Fields] OR "progressives"[All Fields] 
entrustment: "entrust"[All Fields] OR "entrustability"[All Fields] OR "entrustable"[All 
Fields] OR "entrusted"[All Fields] OR "entrusting"[All Fields] OR "entrustment"[All 
Fields] OR "entrusts"[All Fields] 
privileging: "privilege"[All Fields] OR "privileged"[All Fields] OR "privileges"[All 
Fields] OR "privileging"[All Fields] 
autonomy: "autonomies"[All Fields] OR "autonomy"[All Fields] OR "autonomy's"[All 
Fields] 
granting: "financing, organized"[MeSH Terms] OR ("financing"[All Fields] AND 
"organized"[All Fields]) OR "organized financing"[All Fields] OR "grant"[All Fields] OR 
"grants"[All Fields] OR "granted"[All Fields] OR "granting"[All Fields] 
Surgery: "surgery"[Subheading] OR "surgery"[All Fields] OR "surgical procedures, 
operative"[MeSH Terms] OR ("surgical"[All Fields] AND "procedures"[All Fields] AND 
"operative"[All Fields]) OR "operative surgical procedures"[All Fields] OR "general 
surgery"[MeSH Terms] OR ("general"[All Fields] AND "surgery"[All Fields]) OR 
"general surgery"[All Fields] OR "surgery's"[All Fields] OR "surgerys"[All Fields] OR 
"surgeries"[All Fields] 
internship and residency: "internship and residency"[MeSH Terms] OR 
("internship"[All Fields] AND "residency"[All Fields]) OR "internship and 
residency"[All Fields] 
training: "education"[Subheading] OR "education"[All Fields] OR "training"[All 
Fields] OR "education"[MeSH Terms] OR "train"[All Fields] OR "train's"[All Fields] 
OR "trained"[All Fields] OR "training's"[All Fields] OR "trainings"[All Fields] OR 
"trains"[All Fields] 
residency: "internship and residency"[MeSH Terms] OR ("internship"[All Fields] 
AND "residency"[All Fields]) OR "internship and residency"[All Fields] OR 
"residencies"[All Fields] OR "residency"[All Fields] OR "reside"[All Fields] OR 
"resided"[All Fields] OR "residence"[All Fields] OR "residence's"[All Fields] OR 
"residences"[All Fields] OR "residency's"[All Fields] OR "resident"[All Fields] OR 
"resident's"[All Fields] OR "residents"[All Fields] OR "resides"[All Fields] OR 
"residing"[All Fields] 
education: "educability"[All Fields] OR "educable"[All Fields] OR "educates"[All 
Fields] OR "education"[Subheading] OR "education"[All Fields] OR "educational 
status"[MeSH Terms] OR ("educational"[All Fields] AND "status"[All Fields]) OR 
"educational status"[All Fields] OR "education"[MeSH Terms] OR "education's"[All 
Fields] OR "educational"[All Fields] OR "educative"[All Fields] OR "educator"[All 
Fields] OR "educator's"[All Fields] OR "educators"[All Fields] OR "teaching"[MeSH 



 

 248 

Terms] OR "teaching"[All Fields] OR "educate"[All Fields] OR "educated"[All Fields] 
OR "educating"[All Fields] OR "educations"[All Fields] 
Assessment: "assess"[All Fields] OR "assessed"[All Fields] OR "assessement"[All 
Fields] OR "assesses"[All Fields] OR "assessing"[All Fields] OR "assessment"[All 
Fields] OR "assessment's"[All Fields] OR "assessments"[All Fields] 
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8.1.2 Appendix 1.2  

Medical Education Research Quality Instrument (MERSQI) scores 

Author Year Study 
design 

No of 
institution
s 

Resp
onse 
rate 

Ty
pe 
of 
da
ta  

Inter
nal 
struc
ture 

Con
tent 

Relatio
nships 
with 
other 
variabl
es 

Appropri
ateness 
of 
analysis  

Comp
lexity 
of 
analy
sis  

Outc
omes 

To
tal 
sc
or
e 

Lund  2022 1 0.5 1.5 3 0 1 1 1 2 2 13 
Gangemi  2022 2 0.5 1.5 3 1 1 1 1 2 1.5 14

.5 
Fong  2022 2 1.5 0 1 1 1 0 1 1 1 9.

5 
Haidari  2022 2 1 1.5 3 1 1 1 1 2 1.5 15 
Toale 2022 1 1.5 1.5 1 0 1 0 1 1 1 9 
Hermsen 2021 1.5 0.5 1.5 3 0 0 1 1 2 2 12

.5 
Doneza  2021 1 1 1.5 3 0 1 1 1 2 1.5 13 
Seaman  2021 2 0.5 1.5 3 0 1 1 1 2 1.5 13

.5 
Engberg  2021 2 1.5 1.5 3 1 1 1 1 2 1.5 15

.5 
Karani,  2021 1 0.5 1.5 3 0 0 1 1 2 2 12 
AlJamal  2020 1.5 0.5 1.5 3 0 1 1 1 2 2 13

.5 
Gillis  2020 2 0.5 1.5 3 0 1 1 1 1 1.5 12

.5 
Kerwin  2020 1 1.5 1 1 0 1 0 1 2 1 9.

5 
Aljamal  2020 2 0.5 1.5 3 0 1 1 1 2 2 14 
Satava  2020 1 1.5 0 1 0 1 0 1 1 1 7.

5 
Goderstad 2020 2 0.5 1.5 3 0 1 1 1 2 2 14 
Halwani  2019 2 1.5 1.5 3 1 1 1 1 2 1.5 15

.5 
Bube  2019 2 1 1.5 3 1 1 1 1 2 1.5 15 
Nayahangan  2019 2 1.5 1.5 3 1 1 1 1 2 2 16 
Sousa  2019 2 1.5 1.5 3 0 1 1 0 2 1 13 
Ahmed K 2018 1 1.5 1.5 1 0 1 0 1 1 1 9 
Erturan  2018 2 0.5 1.5 3 1 1 1 1 2 1.5 14

.5 
Masood  2018 1 0.5 1.5 1 0 1 0 1 1 1 8 
de Montbrun  2018 1 1.5 1.5 1 0 1 0 1 2 1 10 
Bilgic  2018 2 1.5 1.5 3 1 1 1 1 2 1.5 15

.5 
de Vries  2018 2 1.5 1.5 3 0 1 1 1 2 1.5 14

.5 
Moglia  2018 1 0.5 3 1 0 1 1 1 2 2 12

.5 
Hovgaard  2018 2 1 1.5 3 1 1 1 1 2 1.5 15 
Awad 2018 1 1.5 0 1 0 1 0 1 0 1 6.

5 
Hazboun  2017 1 0.5 1.5 3 0 0 1 1 1 1.5 10

.5 
Gardner  2017 2 1.5 1.5 1 0 1 0 1 1 1 10 
Louridas  2017 1.5 0.5 1.5 3 0 1 0 1 2 1.5 12 
Louridas  2016 1 1.5 1.5 1 0 0 0 1 1 1 8 
Winkler-
Schwartz  

2016 2 0.5 1.5 3 0 1 1 1 2 1.5 13
.5 

Dwyer  2016 2 0.5 1 3 1 1 1 1 2 1.5 14 
Thinggaard  2016 2 0.5 1.5 3 0 1 1 1 2 1.5 13

.5 
Ritter, 2016 1 1.5 0 1 0 1 0 1 2 1 8.

5 
Janssens  2015 2 0.5 1.5 3 0 1 1 1 2 3 15 
Thomsen  2015 2 0.5 1.5 3 1 1 1 1 2 1.5 14

.5 
Deutsch  2015 1 1.5 0.5 1 0 0 0 1 1 1 7 
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Jacobsen  2015 2 1 1.5 3 1 1 1 1 2 1.5 15 
Rooney  2015 2 1.5 0.5 3 0 1 1 1 2 1.5 13

.5 
Groenier  2015 1.5 0.5 1.5 3 1 1 1 1 2 2 14

.5 
Duran  2015 2 0.5 1.5 3 1 1 1 1 2 2 15 
Culligan  2014 2 0.5 1.5 3 0 1 1 1 2 3 15 
Burden  2014 1 1.5 1 1 0 1 0 1 2 1 9.

5 
Buckley  2014 1.5 0.5 1.5 3 0 1 1 1 2 1.5 13 
Giannotti  2014 2 0.5 1.5 3 0 0 1 1 2 1.5 12

.5 
Moglia  2014 1 1 0.5 3 0 1 1 1 2 1.5 12 
Gallagher  2014 1 0.5 1.5 3 1 1 1 1 2 2 14 
Ahmed 2014 1 1.5 0 1 0 1 0 1 1 1 7.

5 
Duran  2013 1 1.5 1 1 0 0 1 1 2 1.5 10 
Buckley  2013 2 0.5 1.5 3 0 0 1 1 2 1.5 12

.5 
Stefanidis  2012 1 1.5 0.5 1 0 1 0 1 1 1 8 
Rooney  2012 2 1.5 1.5 3 0 0 0 1 2 1.5 12

.5 
Hafford 2012 1.5 2.5 1.5 3 0 1 0 1 2 2 14

.5 
Panait  2011 2 0.5 1.5 3 0 0 1 1 2 1.5 12

.5 
Alvand  2011 3 0.5 1.5 3 0 1 0 1 2 2 14 
Van 
Herzeele  

2010 1 1 1.5 3 0 1 1 1 2 2 13
.5 

Xeroulis  2009 2 1.5 1.5 3 1 1 1 1 2 1.5 15
.5 

Carroll  2009 1 0.5 1.5 3 0 1 1 1 2 1.5 12
.5 

Salgado  2009 1 0.5 1.5 3 1 0 1 1 2 1.5 12
.5 

Gallagher  2008 1 0.5 1.5 3 1 1 1 1 2 1.5 13
.5 

Tedesco  2008 1 0.5 1.5 3 0 1 1 1 2 1.5 12
.5 

Goldberg  2008 1 0.5 1 3 1 1 1 1 2 1.5 13 
Cope  2008 1 1 1.5 3 0 0 1 1 2 1.5 12 
Tansley 2007 1 1.5 1 0 0 1 0 1 1 1 7.

5 
Aggarwal  2006 2 1.5 1.5 3 0 1 1 1 1 1.5 13

.5 
Pandey  2006 1 1.5 1.5 3 1 1 1 1 2 2 15 

Medical Education Research Study Quality Index (MERSQI) score for included 
articles in Chapter 1:  The current status of high-stakes technical performance 
assessments in surgical training. MERSQI   items available at:  Reed DA, Cook DA, 
Beckman TJ, Levine RB, Kern DE, Wright SM. Association between funding and 
quality of published medical education research. JAMA. 2007 Sep 5;298(9):1002-9. 
doi: 10.1001/jama.298.9.1002. PMID: 17785645. 
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8.2 Supplemental Material – Chapter 2 
 
8.2.1 Appendix 2.2.1 Search strategy as applied to the MEDLINE (PubMed) database – 

Assessing operative skill in the competency-based education era, lessons from the UK and 
Ireland.  
 
Available at: Toale C, Morris M, Kavanagh DO. Assessing Operative Skill in the 
Competency-based Education Era: Lessons From the UK and Ireland. Ann Surg. 2022 Apr 
1;275(4):e615-e625. doi: 10.1097/SLA.0000000000005242. PMID: 35129531. 
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8.2.2 Appendix 2.2.2:  
 
Quality assessment of included studies according to the National Institute of 
Health/National Heart, Lung and Blood Institute (NIH/NHLBI) Quality Assessment Tool 
for Observational Cohort and Cross-Sectional Studies (available at 
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools). Assessment 
of Operative Skill in the Competency-Based Education Era – Lessons from the UK 
and Ireland 
 
Available at: Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative 

experience targets in surgical training: A systematic review. Surgery. 2022 

Nov;172(5):1364-1372. doi: 10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 

36038374. 
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8.2.3 Appendix 2.3.1:  
 
Search strategy as applied to the Medline (Pubmed) database – Defining Operative 
Experience Targets in Surgical Training: A Systematic Review 
 
Available at: Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative 

experience targets in surgical training: A systematic review. Surgery. 2022 

Nov;172(5):1364-1372. doi: 10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 

36038374. 
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8.2.4 Appendix 2.3.2:  
 
Data Extraction Pro-Forma - Defining Operative Experience Targets in Surgical 
Training: A Systematic Review 
 
Available at: Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative 
experience targets in surgical training: A systematic review. Surgery. 2022 
Nov;172(5):1364-1372. doi: 10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 
36038374. 
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8.2.5 Appendix 2.3.3. 
 
Available at: Toale C, O'Byrne A, Morris M, Kavanagh DO. Defining operative 
experience targets in surgical training: A systematic review. Surgery. 2022 
Nov;172(5):1364-1372. doi: 10.1016/j.surg.2022.07.015. Epub 2022 Aug 26. PMID: 
36038374. 
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8.2.6 Appendix 2.4.1:  
 
Available at: Toale C, Morris M, Kavanagh D. Perceptions and experiences of 
simulation-based assessment of technical skill in surgery: A scoping review. Am J 
Surg. 2021 Oct;222(4):723-730. doi: 10.1016/j.amjsurg.2021.03.035. Epub 2021 Apr 
6. PMID: 33849711. 
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8.2.7 Appendix 2.4.2 
 
Available at: Toale C, Morris M, Kavanagh D. Perceptions and experiences of 
simulation-based assessment of technical skill in surgery: A scoping review. Am J 
Surg. 2021 Oct;222(4):723-730. doi: 10.1016/j.amjsurg.2021.03.035. Epub 2021 Apr 
6. PMID: 33849711. 
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8.2.8 Appendix 2.5.1. Semi-Structured Interview Guide - Perspectives on Simulation-
Based Assessment of Operative Skill in Surgical Training 
 
Available at: Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based 
assessment of operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 
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8.2.9 Appendix 2.5.2: Themes, Sub-Themes, Codes, and Example Quotes – 
Perspectives on Simulation-Based Assessment of Operative Skill in Surgical Training 
 
Available at: Toale C, Morris M, Kavanagh DO. Perspectives on simulation-based 
assessment of operative skill in surgical training. Med Teach. 2022 Oct 26:1-8. doi: 
10.1080/0142159X.2022.2134001. Epub ahead of print. PMID: 36288727. 
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8.2.10 Appendix 2.6.1  
 
Survey Items - The Acceptability of Assessing Operative Competence Outside of the 
Operating Room: A Survey of Surgical Trainees 
 
 
Appendix 1: Survey Items 
 
 
 
1. What is your current level of training? 
 
ST 1  
ST 2   
ST 3  
ST 4  
ST 5  
ST 6  
ST 7  
ST 8  
Out of programme research   
Post CCT- Fellowship   
Consultant trainer  
Other  

 
2. What sub-specialty is your current training post/consultancy post within? 
 
Cardiothoracic Surgery   
General Surgery   
Plastic and Reconstructive Surgery  
Trauma and Orthopaedics  
Urology   
Vascular Surgery   
Otolaryngology/ Head and Neck Surgery  
Neurosurgery   
Oral and Maxillo-Facial Surgery  
Paediatric Surgery  

 
 
3. Which of the following types of simulator model have you used for learning, teaching 
or assessment? (select all that apply) 
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Low-fidelity synthetic bench models (e.g. laparoscopic box trainers or bench-model 
suturing kits) 

 

High-fidelity synthetic bench models (synthetic replicas of anatomical models for 
surgical procedures)  

 

Animal models  
Virtual reality or computer- generated models (e.g. computer generated laparoscopic/ 
endovascular/ robotic models) 

 

Cadaveric models   
 
 
Please rate your responses to the following statements from 1 – 6, where 1 = strongly 
disagree, 2 = disagree, 3 = somewhat disagree, 4 = somewhat agree, 5 =  agree, 6 = strongly 
agree 
 
4 I am confident that when I obtain my certificate of 

completion of training (CCT) I will be competent in 
performing the expected operative procedures in my 
specialty without assistance, including complications 

1 2 3 4 5 6 

5 I am confident that I will have had sufficient operative 
experience upon obtaining my CCT to ensure that I will be 
competent in performing the expected operative procedures 
in my specialty without assistance, including when 
managing complications 

1 2 3 4 5 6 

6 Current methods of operative competency assessment 
(procedure-based assessments, multiple consultant  reports, 
multi-source feedback and indicative number targets) are 
satisfactory as summative assessments of operative 
competence 

1 2 3 4 5 6 

7 Using simulation to assess operative competence is more 
objective than assessments performed in the operating 
theatre 

1 2 3 4 5 6 

8 Using simulation to assess operative competence is easier to 
standardise than assessments performed in the operating 
theatre 

1 2 3 4 5 6 

9 Simulation-based assessment is a more constructive way of 
receiving feedback or giving feedback to trainees than in-
theatre assessments 

1 2 3 4 5 6 

10 Using simulation-based assessment to ensure trainees meet 
the minimum level of operative competency expected for 
their stage of training would allow in-theatre training time to 
be used more efficiently 

1 2 3 4 5 6 

 
11 A trainee’s performance in a simulated operative procedure 

is reflective of their performance in the operating theatre 
1 2 3 4 5 6 

12 Simulation is an accurate method of assessing whether a 
trainee knows the steps of a procedure 

1 2 3 4 5 6 

13 Simulation is an accurate method of assessing a trainee’s 
operative technique or skill 

1 2 3 4 5 6 
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14 Simulation is an  accurate method of assessing a trainee’s 
non-technical skills such as communication and teamwork 

1 2 3 4 5 6 

15 Simulation is an accurate method of assessing a trainee’s 
ability to perform an operative procedure under pressure 

1 2 3 4 5 6 

16 Simulation is an accurate method of assessing a trainee’s 
intra-operative decision-making skills 

1 2 3 4 5 6 

17 Simulation-based assessment could be used to determine 
whether trainees meet the minimum operative competency 
level expected for their stage of training 

1 2 3 4 5 6 

18 Simulation-based assessment of operative competence can 
identify under-performing trainees  

1 2 3 4 5 6 

19 Simulation-based assessments can distinguish between 
trainees who meet operative competency expectations and 
trainees who exceed expectations   

1 2 3 4 5 6 

20 Using simulation-based assessment to ensure trainees meet 
the minimum operative competency level expected for their 
stage of training would have a positive impact on patient 
safety 

1 2 3 4 5 6 

21 Simulation-based assessment can accurately replicate the 
real-world operating theatre environment 

1 2 3 4 5 6 

22 Performance in simulation-based assessment can provide 
objective evidence of a trainee’s progression in operative 
competence over time 

1 2 3 4 5 6 

 
 
23 A human assessor is a better determinant of a trainee’s 

ability than simulator-measured metrics (i.e. metrics 
recorded by a computer) 

1 2 3 4 5 6 

24 Simulator-measured metrics , recorded and assessed by a 
computer, are accurate methods of assessing operative 
competence 

1 2 3 4 5 6 

25 ‘Logged hours’ spent using a simulator is reflective  of a 
trainee’s operative competence 

1 2 3 4 5 6 

 
 
26 If simulation were to be used to assess a trainee’s operative 

competence, the models would need to have a very 
realistic appearance 

1 2 3 4 5 6 

27 If simulation were to be used to assess a trainee’s operative 
competence, the models would have to reflect real-world 
case variety 

1 2 3 4 5 6 

28 If simulation were to be used to assess a trainee’s operative 
competence, it would be important for the simulation to 
reflect the real-world theatre environment  

1 2 3 4 5 6 

29 If simulation were to be used to assess a trainee’s operative 
competence, it would be important for the simulated 
models to handle like human tissue  

1 2 3 4 5 6 

30 The more senior the trainee being assessed, the more 
realistic the simulator model should be  

1 2 3 4 5 6 
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31 Low-fidelity synthetic bench models (e.g. laparoscopic 

box trainers or bench-model suturing kits) are suitable for 
use in summative assessments of a trainee’s operative 
competence  

1 2 3 4 5 6 

32 High-fidelity synthetic bench models (synthetic replicas of 
anatomical models for surgical procedures) are suitable for 
use in summative assessments of a trainee’s operative 
competence 

1 2 3 4 5 6 

33 Animal models are suitable for use in summative 
assessments of a trainee’s operative competence 

1 2 3 4 5 6 

34 Virtual reality or computer-generated platforms (e.g. 
robotic/ laparoscopic/ endovascular platforms) are suitable 
for use in summative assessments of a trainee’s operative 
competence 

1 2 3 4 5 6 

35 Cadaveric models are suitable for use in summative 
assessments of a trainee’s operative competence 

1 2 3 4 5 6 

 
 
36 Simulation-based assessment is suitable for assessing a 

trainee’s competence in open surgery 
1 2 3 4 5 6 

37 Simulation-based assessment is suitable for assessing a 
trainee’s competence in Laparoscopic surgery 

1 2 3 4 5 6 

38 Simulation-based assessment is suitable for assessing a 
trainee’s competence in Endoscopic surgery 

1 2 3 4 5 6 

39 Simulation-based assessment is suitable for assessing a 
trainee’s competence in Endovascular surgery 

1 2 3 4 5 6 

40 Simulation-based assessment is suitable for assessing a 
trainee’s competence in Robotic surgery  

1 2 3 4 5 6 

 
41 If simulation were to be used to assess operative 

competence, it would suffice to simulate key steps of the 
procedure, and not necessarily the whole procedure 

1 2 3 4 5 6 

42 Simulation should be used to assess competence on a series 
of core, commonly encountered  procedures  

1 2 3 4 5 6 

43 Simulation should be used to assess competence in rarely 
encountered, high-risk procedures 

1 2 3 4 5 6 

 
44 Technical ability is an important consideration when 

selecting trainees for higher specialist training  
1 2 3 4 5 6 

45 Using simulation-based operative assessment to inform 
selection decisions for higher specialist training is fair 

1 2 3 4 5 6 

 
46 A trainee’s performance in simulation-based assessment 

should be used to decide how much autonomy trainees are 
granted in the operating theatre 

1 2 3 4 5 6 
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47 Trainees should have to demonstrate competence on a 
simulated procedure before they can perform that procedure 
on a patient under supervision as the primary operator 

1 2 3 4 5 6 

48 Using simulation-based assessment to decide how much 
autonomy trainees are granted in the operating room would 
result in less operative exposure for trainees 

1 2 3 4 5 6 

49 Using simulation-based assessment to decide how much 
autonomy trainees are granted in the operating theatre 
would positively incentivize trainees to improve their 
operative performance 

1 2 3 4 5 6 

50 Using simulation-based assessment to decide how much 
autonomy trainees are granted in the operating room would 
positively impact upon patient safety 

1 2 3 4 5 6 

51 Using simulation-based assessment to decide how much 
autonomy trainees are granted in the operating room would 
improve trainee confidence 

1 2 3 4 5 6 

52 Simulation-based assessment should replace a trainer’s 
expert opinion regarding the appropriate amount of 
autonomy to give to a trainee 

1 2 3 4 5 6 

 
53 It is fair to use scores in simulation-based assessment, in 

conjunction with other assessments, to inform decisions on 
a trainee’s  progression to the next training year   

1 2 3 4 5 6 

54 Performance in simulation-based assessment alone is 
insufficient when making decisions regarding a trainee’s 
progression to the next training year  

1 2 3 4 5 6 

55 It is more difficult to assess the operative competence of 
more senior trainees using simulation   

1 2 3 4 5 6 

 
56 A trainee’s operative competence should be formally 

assessed at the end of training  
1 2 3 4 5 6 

57 Simulation-based assessment could be used to inform 
decisions regarding a trainee’s operative competence at the 
end of training, in conjunction with other assessments 

1 2 3 4 5 6 

58 It is more ethical, from a patient’s perspective, to use 
simulation-based assessment than in-theatre operative cases 
to assess trainees at the end of training  

1 2 3 4 5 6 

59 Using simulation-based assessment to assess a trainee’s 
operative competence at the end of training is fair 

1 2 3 4 5 6 

60 Using simulation-based assessment alone is sufficient when 
making decisions regarding a trainee’s operative 
competence at the end of training  

1 2 3 4 5 6 

 
61 Simulators that I have experienced are suitable for use in 

simulation-based assessments informing decisions 
regarding selecting trainees for  higher specialist training  

1 2 3 4 5 6 

62 Simulators that I have experienced, are suitable for use in 
informing  decisions regarding how much autonomy 
trainees are granted in the operating theatre 

1 2 3 4 5 6 
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63 Simulators that I have experienced are suitable for use in 
informing decisions regarding the progression of trainees 
through higher specialist training  

1 2 3 4 5 6 

64 Simulators that I have experienced are suitable for use in 
assessing a  trainee’s operative competence at the end of 
training  

1 2 3 4 5 6 

 
65. What should the consequences of failing a simulation-based assessment of operative 
competence be? (select all that apply) 
 
No consequence  
Reduced operative autonomy   
Dedicated in theatre operative teaching followed by re-assessment  
Simulation-based teaching followed by re-assessment   
Further re-assessment without mandated teaching time  
Structured feedback without further assessment   
Failure to progress to the next training year or failure to achieve CCT  
Other (please elaborate)  

 
66. What concerns do you have regarding the use of simulation-based assessment of 
operative competence in surgery? 
 
 

 
 
67. What are the positive aspects of simulation-based assessment of operative competence in 
surgery? 
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8.3 Supplemental Material – Chapter 3 
 
8.3.1 Appendix 3.1.1 
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8.3.2 Appendix 3.2.1 : Assessment Tools
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8.4 Supplemental Material – Chapter 4 

 
8.4.1 Appendix 4.1.1 – SSAOP tool 
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 278 

8.4.2 Appendix 4.2.1 – SSAOP tool 
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8.4.3 Appendix 4.2.2 
 
Appendix 4.2.2: Operative/ technical competency expectations for core surgical 
trainees pursuing subspecialty training in general surgery. 
Critical Skills (all trainees) – Operative competencies Level of 

performance 
required  

- effective hand washing/ gloving and gowning 
- accurate, effective and safe administration of local 

anaesthetic 
- preparation and maintenance of an aseptic field 
- incision of skin and subcutaneous tissue 
- closure of skin and subcutaneous tissue 
- completion of the WHO checklist 

4 
3 
3 
3 
3 
3 

Core Specialty Modules – Operative General Surgery – 
Technical Skills and Procedures 

 

- Excision biopsy of skin lesion 
- Repair of primary abdominal wall hernia  
- Open and close midline laparotomy  
- Placement of laparoscopic ports  
- Appendicectomy  
- Superficial abscess drainage 

2 
1 
1 
1 
1 
2 

ST3 Preparation Modules – General Surgery – Technical Skills 
and Procedures 

 

- Chest drain insertion  
- Needle biopsy including fine needle aspiration 
- Rigid sigmoidoscopy  
- Excision biopsy of a benign skin or subcutaneous lesion  
- Outpatient treatment of haemorrhoids 
- Induction of pneumoperitoneum for laparoscopy with port 

placement  
- Open and close midline laparotomy incision 
- Appendicectomy 
- Inguinal hernia repair  
- Primary abdominal wall hernia repair  

3 
3 
3 
4 
2 
2 
 
2 
3 
2 
2 

Level of performance required defined as; 1 – Has observed, 2 – Can do with 
assistance, 3 – Can do whole but may need assistance, and 4 – competent to do 
without assistance, including complications. Adapted from the Intercollegiate 
Surgical Curriculum Program ‘Core Surgical Training Curriculum 2021’ (Brecknell J, 
Lintott P, 2021).  
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8.4.4 Appendix 4.2.3 -  Generalizability theory – methodology and model 
development.  
 
Available at: Toale C, Morris M, O'Keeffe D, Boland F, Ryan DM, Nally DM, Kavanagh 
DO. Assessing operative competence in core surgical training: A reliability analysis. 
Am J Surg. 2023 Nov;226(5):588-595. doi: 10.1016/j.amjsurg.2023.06.020. Epub 
2023 Jun 30. PMID: 37481408. 
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8.4.5 Appendix 4.2.4 - Number of assessors and observations required to 
reliably assesses operative performance in Core Surgical Training. 
 

Available at: Toale C, Morris M, O'Keeffe D, Boland F, Ryan DM, Nally DM, Kavanagh 
DO. Assessing operative competence in core surgical training: A reliability analysis. 
Am J Surg. 2023 Nov;226(5):588-595. doi: 10.1016/j.amjsurg.2023.06.020. Epub 
2023 Jun 30. PMID: 37481408. 
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8.4.6 Appendix 4.3.1 – Example Objective Surgical Skill (OSS) Tool 
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8.4.7 Appendix 4.4.1 – SSAOP tool 
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8.5 Supplemental Data – Chapter 5  
 
8.5.1 Appendix 5.1.1 
 
Available at: Toale C, Morris M, Konge L, Nayahangan LJ, Roche A, Heskin L, 
Kavanagh DO. Generating a Prioritised List of Operative Procedures for Simulation-
Based Assessment of General Surgery Trainees through Consensus. Ann Surg. 2023 
Oct 9. doi: 10.1097/SLA.0000000000006118. Epub ahead of print. PMID: 37811854. 
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8.5.2 Appendix 5.1.2 - Delphi Consensus Model, Survey 1 
 
Available at: Toale C, Morris M, Konge L, Nayahangan LJ, Roche A, Heskin L, 
Kavanagh DO. Generating a Prioritised List of Operative Procedures for Simulation-
Based Assessment of General Surgery Trainees through Consensus. Ann Surg. 2023 
Oct 9. doi: 10.1097/SLA.0000000000006118. Epub ahead of print. PMID: 37811854. 
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8.5.3 Appendix 5.2.1  
 
Data extraction pro-forma 
 
Available at: Toale C, Morris M, Kavanagh DO. Training and assessment using the 

LapSim laparoscopic simulator: a scoping review of validity evidence. Surg Endosc. 

2023 Mar;37(3):1658-1671. doi: 10.1007/s00464-022-09593-0. Epub 2022 Sep 19. 

PMID: 36123545. 
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8.5.4 Appendix 5.2.2 – Medical Educational Research Study Quality Instrument (MERSQI) 

scores for included studies 
 

Toale C, Morris M, Kavanagh DO. Training and assessment using the LapSim Available 

at: laparoscopic simulator: a scoping review of validity evidence. Surg Endosc. 2023 

Mar;37(3):1658-1671. doi: 10.1007/s00464-022-09593-0. Epub 2022 Sep 19. PMID: 

36123545. 
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8.5.5 

Appendix 5.3.1 – LapSimTM recorded metrics  

 
Laparoscopic Cholecystectomy:  

- Left instrument path length (m) 
- Left instrument angular path (degrees) 
- Right instrument path length (m) 
- Right instrument angular path (degrees) 
- Left instrument outside view (#) 
- Left instrument outside view (s) 
- Right instrument outside view (#) 
- Right instrument outside view (s) 
- Blood loss (ml) 
- Energy applied in air (s) 
- Missing clips (#) 
- Fatal clips (#) 
- Missing cuts (#) 
- Number of cuts on the liver (#) 
- Number of cuts on the gallbladder (#) 
- Ducts/ vessels ripped (#) 
- Ducts/ vessels ablated (#) 
- Number of fatal dissections (#) 
- Total time burned on arteries (s) 
- Total time burned on ducts (s) 
- Total time burned on liver (s) 
- Number of times burned on arteries (#) 
- Number of times burned on ducts (#) 
- Number of times burned on liver (#) 
- Number of times burned on gallbladder (#) 
- Percent of connective tissue ablated  
- Percent of adipose tissue ablated  
- Percent of connective tissue ripped  
- Percent of adipose tissue ripped  

 
 
Laparoscopic appendicectomy  

- Total time  
- Left instrument path length (m) 
- Left instrument angular path (degrees)  
- Right instrument path length (m) 
- Right instrument angular path (degrees) 
- Left instrument outside view (#) 
- Left instrument outside view (s) 
- Right instrument outside view (#) 
- Right instrument outside view (s) 
- Blood loss (ml) 
- Energy applied in air (s) 
- Total time burned on the appendix (s) 
- Number of times burned on the appendix (#) 
- Percent of adhesions ablated  
- Percent of mesentery ablated  
- Percent of adhesions ripped 
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- Percent of mesentery ripped  
- Evacuation from body (performed/ not performed) 
- Incorrect stapler used (yes/ no) 

 
 
Laparoscopic right hemi-colectomy  
 

- Total time  
- Left instrument path length (m) 
- Left instrument angular path (degrees) 
- Left instrument outside view (#) 
- Left instrument outside view (s) 
- Right instrument path length (m) 
- Right instrument angular path (degrees) 
- Right instrument outside view (#) 
- Right instrument outside view (s) 
- Number of vessel injured (#) 
- Correct vessel divisions (#) 
- Burn time on artery (s) 
- Burn time on vein (s) 
- Burn time on duodenum (s) 
- Number of burns on artery (#) 
- Number of burns on vein (#) 
- Number of burns on duodenum (#) 
- Percentage of artery ablated 
- Percentage of vein ablated  
- Total time artery overstretched (s) 
- Total time vein overstretched (s) 
- Number of times artery overstretched 
- Number of veins overstretched 
- Artery ripped (yes/no) 
- Vein ripped (yes/no) 
- Number of pressure damages on duodenum (#) 
- Gonadal artery burned (yes/ no) 
- Burned on ureter (yes/ no) 
- Maryland jaw vessel sealer/divider has been used on wrong structures (yes/no) 
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8.5.6 Appendix 5.3.2 
 
Internal consistency  
 

Internal consistency of assessment tools, assessed using Cronbach’s alpha 
Score � 
PBA 0.68 
OSATS 0.85 
Total Score 0.81 
PBA global rater 0.81 
Competency rater 0.71 

PBA indicates Procedure-Based Assessment tool, OSATS, Objective Structured Assessment of 
Technical Skill. 
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8.5.6 Appendix 5.3.3 – Correlations between individual station and total scores 

Correlation (Pearson) between individual station scores and total scores awarded 
Station 1 2 3 4 5 6 7 8 
r 
p 

.48 

.10 
 

.66 

.02 
* 

.63 

.02 
* 

.69 

.01 
* 

.54 

.07 
* 

.89 
<.001 
*** 

.84 
<.001 
*** 

.57 

.06 

r indicates Pearson correlation coefficient, p, p-value, *, p<0.05, **, p<0.005, ***, p<0.0005 
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8.5.7 Appendix 5.3.4  

Correlations between score domains  

 Internal consistency: correlations between score domains at the individual station level  

Station 1 – fistula-in-ano Station 2 - ileostomy closure 
 1 2 3 4  1 2 3 4 
1. mPBA     1. mPBA     
2. OSATS τb = .83 

p 
<0.001 

   2. OSATS τb = .68 
p = 0.003 

   

3. Total τb = .94 
p 
<.0001 

τb = .90 
p 
<.0001 

  3. Total  τb = .87 
p <.0001 

τb = .83 
p <.0001 

  

4. mPBA GR τb =  .77 
p = .001 

τb = .83 
p 
<.0001 

τb =  .79 
p = 
0.001 

 4. mPBA GR τb = .61 
p = 0.009 

τb = .66 
p = 0.005 

τb = .52 
p = .022 

 

5. Competence τb = .63 
p = .010 

τb = .72 
p = .003 

τb = .67 
p = 
0.005 

τb = .59 
p = 0.024 

5. Competence τb = .51 
p = 0.040 

τb = .57 
p = 0.021 

τb = .49 
p = 0.05 

τb = .68  
p = 0.007 

Station 3 - right hemi-colectomy (vessel ligation) Station 4 - pilonidal sinus excision 
 1  2 3 4  1 2 3 4 
1. mPBA     1. mPBA     
2. OSATS τb = .73 

p = 
0.001 

   2. OSATS τb = 0.013 
p = .951 

   

3. Total τb = .90 
p<.0001 

τb = .84 
p 
<.0001 

  3. Total τb = .56 
p = 0.007 

τb = .46 
p = .032 

  

4. mPBA GR τb = .79 
p.= .001 

τb = .73 
p – 
0.001 

τb = .81 
p<.0001 

 4. mPBA GR τb = -.11 
p = .647 

τb = .80 
p = .001 

τb = .33 
p = .151 

 

5. Competence τb = .65 
p = .010 

τb = .53 
p .033 

τb = .62 
p = .011 

τb = .62 
p = .019 

5. Competence τb = -.099 
p = 0.68 

τb = .72 
p = .003 

τb = .36 
p = .131 

τb = .89 
p = .001 

Station 5 - ventral hernia repair Station 6 laparoscopic appendicectomy 
 1 2 3 4  1 2 3 4 
1. mPBA     1. mPBA     
2. OSATS τb = .69 

p = .003 
   2. OSATS τb = .58 

p = .011 
   

3. Total τb = .95 
p<.0001 

τb = .75 
p = .001 

  3. Total  τb = .79 
p<.0001 

τb = .82 
p<.0001 

  

4. mPBA GR τb = .73 
p = .003 

τb = .69 
p = .006 

τb = .77 
p = .001 

 4. mPBA GR τb = .64 
p = .007 

τb = .73 
p = .001 

τb = .70 
p = .002 

 

5. Competence τb = .72 
p = .004 

τb = .79 
p = .002 

τb =.73 
p = .003 

τb = .74 
p = .006 

5. Competence τb = .337 
p = .186 

τb = .62 
p =.011 

τb = .45 
p = .065 

τb = .54 
p = .032 

Station 7 – emergency laparotomy (blunt liver trauma) Station 8 - laparoscopic cholecystectomy 
 1  2 3 4  1 2 3 4 
1. Checklist     1. Checklist     
2. OSATS τb = .88 

p<.0001 
   2. OSATS τb = .56 

p = .026 
   

3. Total τb = .97 
p<.0001 

τb = .91 
p<.0001 

  3. Total τb = .72 
p =.004 

τb = .87 
p<.001 

  

4. mPBA GR τb = . 88 
p<.0001 

τb = .89 
p<.0001 

τb = .89 
p<.0001 

 4. mPBA GR τb = .74 
p = .004 

τb = .53 
p =.038 

τb = .58 
p = .020 

 

5. Competence τb = .74 
p = .002 

τb = .74 
p = .002 

τb = .74 
p = .002 

τb = .77 
p = .003 

5. Competence τb = .38 
p = .163 

τb = .47 
p = .088 

τb = .44 
p = .099 

τb = .39 
p = .161 

mPBA indicates modified Procedure Based Assessment (checklist) score, OSATS, Objective 
Structured Assessment of Technical Skills, mPBA GR, mPBA Global Rater, Competence, global 
competence rater, τb, Kendalls tau-b, p, p-value. Significant correlations are highlighted in bold text.  
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8.5.8 Appendix 5.3.5  

Automated LapSim performance metrics for junior vs senior trainees; difference mean results for laparoscopic cholecystectomy by group, junior vs 
senior trainees 
 
Independent Samples Test 

 

Levene's Test for Equality 
of Variances t-test for Equality of Means 

F Sig. t df Sig. (2-tailed) Mean Difference Std. Error Difference 

95% Confidence Interval of the 
Difference 
Lower Upper 

Total time  Equal variances assumed .842 .380 .885 10 .397 80.08112 90.52936 -121.63087 281.79310 
Equal variances not assumed   .851 7.518 .421 80.08112 94.07780 -139.30572 299.46796 

Left instrument 
path length  

Equal variances assumed .121 .735 .828 10 .427 .93245 1.12648 -1.57750 3.44241 
Equal variances not assumed   .819 8.432 .435 .93245 1.13853 -1.66976 3.53467 

Left instrument  
angular path 

Equal variances assumed .000 .991 .315 10 .759 109.72449 348.52849 -666.84538 886.29436 
Equal variances not assumed   .324 9.579 .753 109.72449 338.38591 -648.75902 868.20800 

Right instrument  
path length 

Equal variances assumed .544 .478 .358 10 .728 .60225 1.68198 -3.14544 4.34994 
Equal variances not assumed   .350 8.015 .735 .60225 1.72168 -3.36664 4.57114 

Right instrument 
angular path 

Equal variances assumed 8.162 .017 1.321 10 .216 462.48162 350.20296 -317.81921 1242.78244 
Equal variances not assumed   1.184 5.504 .285 462.48162 390.48463 -514.25398 1439.21721 

Left instrument outside view 
(n) 

Equal variances assumed 1.208 .297 .808 10 .438 3.91429 4.84348 -6.87765 14.70622 
Equal variances not assumed   .743 6.151 .485 3.91429 5.26604 -8.89514 16.72371 

Left instrument outside view 
(s) 

Equal variances assumed .389 .547 -1.072 10 .309 -108.84718 101.50742 -335.01979 117.32544 
Equal variances not assumed   -1.082 9.040 .307 -108.84718 100.61127 -336.29082 118.59647 

Right instrument outside 
view (n) 

Equal variances assumed 2.702 .131 .751 10 .470 5.28571 7.03971 -10.39974 20.97117 
Equal variances not assumed   .706 6.790 .504 5.28571 7.48654 -12.52892 23.10035 

Right instrument outside 
view (s) 

Equal variances assumed 4.561 .058 1.161 10 .273 12.90408 11.11436 -11.86025 37.66842 
Equal variances not assumed   1.051 5.737 .335 12.90408 12.27568 -17.47054 43.27870 

Blood loss Equal variances assumed 6.226 .032 4.266 10 .002 .79746 .18693 .38095 1.21397 
Equal variances not assumed   3.863 5.738 .009 .79746 .20646 .28663 1.30829 

Energy applied in air Equal variances assumed .778 .398 .074 10 .942 .32297 4.33932 -9.34565 9.99158 
Equal variances not assumed   .080 9.997 .938 .32297 4.05576 -8.71421 9.36014 

Missing clips Equal variances assumed 2.538 .142 -.750 10 .470 -.48571 .64751 -1.92845 .95702 
Equal variances not assumed   -.869 7.646 .411 -.48571 .55867 -1.78446 .81304 

Fatal clips  Equal variances assumed 10.370 .009 1.208 10 .255 .20000 .16562 -.16901 .56901 
Equal variances not assumed   1.000 4.000 .374 .20000 .20000 -.35529 .75529 

Number of cuts on the liver Equal variances assumed 4.000 .073 -.833 10 .424 -.14286 .17143 -.52482 .23911 
Equal variances not assumed   -1.000 6.000 .356 -.14286 .14286 -.49242 .20670 

Number of cuts on the 
gallbladder 

Equal variances assumed .866 .374 -.564 10 .585 -.25714 .45571 -1.27253 .75825 
Equal variances not assumed   -.538 7.251 .606 -.25714 .47752 -1.37844 .86415 

Total time burned on arteries Equal variances assumed 4.000 .073 -.833 10 .424 -.03185 .03821 -.11699 .05330 
Equal variances not assumed   -1.000 6.000 .356 -.03185 .03185 -.10977 .04608 

Total time burned on liver  Equal variances assumed .013 .910 .526 10 .610 6.36167 12.08684 -20.56948 33.29282 
Equal variances not assumed   .522 8.517 .615 6.36167 12.18402 -21.44044 34.16378 

Total time burned on 
gallbladder 

Equal variances assumed .045 .836 1.741 10 .112 5.83055 3.34871 -1.63084 13.29193 
Equal variances not assumed   1.807 9.731 .102 5.83055 3.22707 -1.38688 13.04798 
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Number of times burned on 
arteries  

Equal variances assumed 4.000 .073 -.833 10 .424 -.14286 .17143 -.52482 .23911 
Equal variances not assumed   -1.000 6.000 .356 -.14286 .14286 -.49242 .20670 

Number of times burned on 
liver 

Equal variances assumed .009 .924 .061 10 .953 .71429 11.69532 -25.34450 26.77307 
Equal variances not assumed   .063 9.593 .951 .71429 11.34778 -24.71624 26.14481 

Number of times burned on 
gallbladder 

Equal variances assumed .531 .483 3.022 10 .013 17.65714 5.84267 4.63886 30.67543 
Equal variances not assumed   3.195 9.970 .010 17.65714 5.52599 5.33938 29.97490 

Percentage of connective 
tissue ablated 

Equal variances assumed 3.135 .107 1.275 10 .231 2.33577 1.83215 -1.74652 6.41806 
Equal variances not assumed   1.506 6.741 .177 2.33577 1.55109 -1.36078 6.03231 

Percentage of adipose tissue 
ablated 

Equal variances assumed 5.119 .047 -.079 10 .939 -.15535 1.96412 -4.53169 4.22098 
Equal variances not assumed   -.072 6.015 .945 -.15535 2.14618 -5.40361 5.09291 

Percentage of connective 
tissue clipped 

Equal variances assumed 6.100 .033 .933 10 .373 .95516 1.02364 -1.32566 3.23598 
Equal variances not assumed   .781 4.164 .477 .95516 1.22281 -2.38794 4.29827 

Percentage of adipose tissue 
clipped 

Equal variances assumed 1.563 .240 4.336 10 .001 7.00946 1.61665 3.40734 10.61157 
Equal variances not assumed   4.096 6.935 .005 7.00946 1.71111 2.95567 11.06324 
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8.5.9 Appendix 5.3.6  

Automated LapSim performance metrics for junior vs senior trainees; difference mean results for laparoscopic appendicectomy by group, junior vs 

senior trainees 

Independent Samples Test 

 

Levene's Test for 
Equality of Variances t-test for Equality of Means 

F Sig. t df Sig. (2-tailed) Mean Difference 
Std. Error 
Difference 

95% Confidence Interval of the 
Difference 

Lower Upper 
Total time Equal variances assumed 6.824 .024 2.843 11 .016 152.72931 53.71873 34.49519 270.96343 

Equal variances not assumed   2.662 6.072 .037 152.72931 57.36666 12.75991 292.69870 
Left instrument path length Equal variances assumed 1.110 .315 1.186 11 .261 1.38997 1.17221 -1.19004 3.96999 

Equal variances not assumed   1.123 6.849 .299 1.38997 1.23737 -1.54904 4.32898 
Left instrument angular path Equal variances assumed 1.004 .338 .506 11 .623 162.17713 320.39177 -543.00041 867.35467 

Equal variances not assumed   .479 6.815 .647 162.17713 338.36719 -642.36471 966.71897 
Right instrument path length Equal variances assumed .822 .384 .978 11 .349 1.88256 1.92586 -2.35623 6.12134 

Equal variances not assumed   .928 7.013 .384 1.88256 2.02828 -2.91182 6.67693 
Right instrument angular 
path 

Equal variances assumed 1.181 .300 1.547 11 .150 681.83983 440.68782 -288.10752 1651.78717 
Equal variances not assumed   1.476 7.340 .182 681.83983 462.06278 -400.57659 1764.25624 

Left instrument outside view 
(n) 

Equal variances assumed .535 .480 -2.184 11 .051 -6.78571 3.10637 -13.62278 .05135 
Equal variances not assumed   -2.131 9.100 .062 -6.78571 3.18452 -13.97750 .40607 

Left instrument outside view 
(s) 

Equal variances assumed .159 .698 -3.210 11 .008 -182.74900 56.92321 -308.03613 -57.46186 
Equal variances not assumed   -3.128 9.010 .012 -182.74900 58.42290 -314.88836 -50.60963 

Right instrument outside 
view (n) 

Equal variances assumed .889 .366 .012 11 .991 .07143 6.04166 -13.22618 13.36904 
Equal variances not assumed   .012 9.477 .991 .07143 6.16328 -13.76473 13.90759 

Right instrument outside 
view (n 

Equal variances assumed .118 .737 .437 11 .671 3.96295 9.07572 -16.01257 23.93848 
Equal variances not assumed   .440 10.955 .668 3.96295 8.99703 -15.84930 23.77521 

Blood loss Equal variances assumed 2.991 .112 .840 11 .419 37.69252 44.89609 -61.12311 136.50815 
Equal variances not assumed   .813 8.515 .438 37.69252 46.36822 -68.11720 143.50224 

Energy applied in air Equal variances assumed .179 .680 .012 11 .991 .09691 7.99435 -17.49854 17.69236 
Equal variances not assumed   .012 9.496 .991 .09691 8.15313 -18.20087 18.39470 

Total time burned on artery Equal variances assumed 3.330 .095 -.566 11 .583 -1.62376 2.86820 -7.93662 4.68910 
Equal variances not assumed   -.541 7.477 .604 -1.62376 3.00185 -8.63119 5.38367 

Number of times burned on 
artery 

Equal variances assumed .884 .367 -3.174 11 .009 -8.95238 2.82073 -15.16076 -2.74400 
Equal variances not assumed   -3.255 10.789 .008 -8.95238 2.75030 -15.02026 -2.88450 

Percentage of adipose tissue 
ablated 

Equal variances assumed .040 .846 -.031 11 .976 -.18229 5.80371 -12.95616 12.59158 
Equal variances not assumed   -.031 10.627 .976 -.18229 5.81287 -13.03130 12.66672 

% of mesentery ablated Equal variances assumed .238 .635 .275 11 .788 .37403 1.35950 -2.61821 3.36626 
Equal variances not assumed   .280 10.993 .785 .37403 1.33780 -2.57069 3.31874 

Percentage of adipose tissue 
ripped 

Equal variances assumed .509 .491 -.688 11 .506 -1.09747 1.59467 -4.60731 2.41237 
Equal variances not assumed   -.676 9.622 .515 -1.09747 1.62359 -4.73443 2.53949 

Percentage of mesentery 
ripped 

Equal variances assumed 12.942 .004 2.769 11 .018 .38646 .13955 .07931 .69361 
Equal variances not assumed   2.580 5.765 .043 .38646 .14978 .01632 .75660 
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Appendix evacuated from 
body 

Equal variances assumed .106 .751 -.238 11 .817 -.07143 .30074 -.73336 .59050 
Equal variances not assumed   -.237 10.606 .817 -.07143 .30136 -.73773 .59488 

Incorrect stapler used Equal variances assumed 4.874 .049 -.920 11 .377 -.14286 .15530 -.48467 .19896 
Equal variances not assumed   -1.000 6.000 .356 -.14286 .14286 -.49242 .20670 
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8.5.10 Appendix 5.3.7 

Automated LapSim performance metrics for junior vs senior trainees; difference mean results for laparoscopic right hemicolectomy by group, junior vs senior 
trainees 
Independent Samples Test 

 

Levene's Test for Equality of 
Variances t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of the 
Difference 
Lower Upper 

Total time Equal variances assumed .813 .387 -.807 11 .437 -123.58507 153.16246 -460.69337 213.52322 
Equal variances not assumed   -.837 10.196 .422 -123.58507 147.68473 -451.79289 204.62275 

Left instrument path length Equal variances assumed .002 .966 -.359 11 .726 -.38172 1.06284 -2.72102 1.95757 
Equal variances not assumed   -.353 9.747 .731 -.38172 1.08024 -2.79715 2.03370 

Left instrument angular path Equal variances assumed .026 .874 -.207 11 .840 -48.78813 235.96718 -568.14839 470.57212 
Equal variances not assumed   -.204 9.985 .842 -48.78813 239.00692 -581.43831 483.86204 

Left instrument outside view 
(n) 

Equal variances assumed .030 .867 -.622 11 .547 -1.19048 1.91399 -5.40315 3.02219 
Equal variances not assumed   -.622 10.688 .547 -1.19048 1.91438 -5.41907 3.03812 

Left instrument outside view 
(s) 

Equal variances assumed 2.331 .155 -.857 11 .410 -29.38232 34.27610 -104.82351 46.05887 
Equal variances not assumed   -.914 7.743 .388 -29.38232 32.13955 -103.92616 45.16152 

Right instrument path length Equal variances assumed 8.860 .013 -.491 11 .633 -1.03952 2.11857 -5.70246 3.62342 
Equal variances not assumed   -.520 8.280 .616 -1.03952 1.99766 -5.61920 3.54016 

Right instrument angular path Equal variances assumed 4.180 .066 -.062 11 .952 -23.69296 384.85679 -870.75705 823.37113 
Equal variances not assumed   -.065 9.370 .950 -23.69296 367.20381 -849.39171 802.00578 

Right instrument outside view 
(n) 

Equal variances assumed .045 .836 1.025 11 .327 1.71429 1.67265 -1.96720 5.39577 
Equal variances not assumed   1.034 10.959 .323 1.71429 1.65780 -1.93619 5.36476 

Right instrument outside view 
(s) 

Equal variances assumed 1.141 .308 -.087 11 .932 -.51386 5.92887 -13.56321 12.53549 
Equal variances not assumed   -.091 8.728 .929 -.51386 5.61701 -13.28108 12.25336 

Number of vessels injured Equal variances assumed 1.496 .247 .189 11 .854 .09524 .50457 -1.01530 1.20578 
Equal variances not assumed   .185 9.295 .858 .09524 .51596 -1.06632 1.25679 

Correct vessels divided Equal variances assumed 5.726 .036 -1.525 11 .155 -.52381 .34339 -1.27960 .23198 
Equal variances not assumed   -1.444 6.814 .193 -.52381 .36266 -1.38613 .33851 

Burn time on artery Equal variances assumed 9.031 .012 1.938 11 .079 4.00472 2.06645 -.54351 8.55295 
Equal variances not assumed   1.784 5.098 .133 4.00472 2.24477 -1.73240 9.74184 

Burn time on vein Equal variances assumed 3.302 .097 1.067 11 .309 1.10663 1.03725 -1.17634 3.38960 
Equal variances not assumed   .989 5.494 .364 1.10663 1.11849 -1.69254 3.90580 

Number of burns on artery Equal variances assumed 4.026 .070 -.765 11 .460 -10.90476 14.24854 -42.26558 20.45606 
Equal variances not assumed   -.831 6.083 .437 -10.90476 13.11958 -42.90182 21.09229 

Number of burns on vein Equal variances assumed 4.307 .062 -.849 11 .414 -12.09524 14.25051 -43.46040 19.26993 
Equal variances not assumed   -.922 6.026 .392 -12.09524 13.11268 -44.14675 19.95627 

Percentage of vein ablated Equal variances assumed 4.874 .049 -.920 11 .377 -.30857 .33545 -1.04690 .42975 
Equal variances not assumed   -1.000 6.000 .356 -.30857 .30857 -1.06362 .44648 

Total time artery 
overstretched 

Equal variances assumed 24.275 .000 2.031 11 .067 2.94610 1.45046 -.24634 6.13853 
Equal variances not assumed   1.873 5.197 .118 2.94610 1.57262 -1.05081 6.94301 

Total time vein overstretched Equal variances assumed .569 .466 .431 11 .675 .03626 .08413 -.14891 .22143 
Equal variances not assumed   .418 8.664 .686 .03626 .08673 -.16110 .23362 
Equal variances assumed 1.321 .275 1.025 11 .327 .88095 .85963 -1.01109 2.77299 
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Number of times artery 
overstretched 

Equal variances not assumed   .994 8.648 .347 .88095 .88634 -1.13661 2.89852 

Number of times vein 
overstretched 

Equal variances assumed 2.643 .132 -.732 11 .480 -.92857 1.26883 -3.72124 1.86410 
Equal variances not assumed   -.786 7.074 .457 -.92857 1.18135 -3.71610 1.85896 

Vessels ripped Equal variances assumed .114 .742 .171 11 .867 .04762 .27878 -.56596 .66120 
Equal variances not assumed   .170 10.471 .868 .04762 .28010 -.57271 .66795 

Number of pressure damages 
on duodenum 

Equal variances assumed 63.649 .000 -2.110 11 .059 -3.40476 1.61374 -6.95658 .14705 
Equal variances not assumed   -2.290 6.152 .061 -3.40476 1.48709 -7.02181 .21229 
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8.5.11 Appendix 5.5.1 – Example scoring tool  

 
Station 8: Laparoscopic cholecystectomy 
 
Trainee number Trainer Date 
 
 

  

 
Instructions to trainee:  
 
A 50-year-old female patient is undergoing a laparoscopic cholecystectomy for biliary colic. 
Please proceed as appropriate.  
 
Procedure-Based Assessment (Intra-Operative Domain) 
 
Item Description Done Not done 
1 Follows an agreed, logical sequence or protocol for the 

procedure 
  

2 Consistently handles tissue well with minimal damage   
3 Controls bleeding promptly by an appropriate method   
4 Demonstrates a sound technique of knots and sutures/ 

staples 
  

5 Uses instruments appropriately and safely   
6 Proceeds at appropriate pace with economy of 

movement 
  

7 Anticipates and responds appropriately to variation (e.g.) 
anatomy 

  

8 Deals calmly and effectively with unexpected events/ 
complications 

  

9 Uses assistant(s) to the best advantage at all times   
10 Dissects cholecystectomy triangle safely    
11 Safely ligates and divides the cystic duct and cystic artery   
12 Carefully mobilises gallbladder off the liver   
13 Safely extracts gallbladder from a port site   

 
 
NEXT PAGE 
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OSATS 
Respect for Tissue  Tick 
1.  Frequently and unnecessary force on tissue or caused damage by 

inappropriate use of instruments 
 

2.   
3.  Careful handling of tissue but occasionally caused inadvertent damage  
4.   
5.  Consistently handled tissue appropriately with minimal damage  
Time and Motion 
1.  Many unnecessary moves  
2.    
3.  Efficient time/ motion but some unnecessary moves  
4.    
5.  Clear economy of movement and maximum efficiency  
Instrument Handling 
1.  Repeatedly makes tentative or awkward moves with instruments by 

inappropriate use of instruments 
 

2.    
3. Competent use of instruments but occasionally appeared stiff or awkward  
4.    
5.  Fluid moves with instruments and no awkwardness  
Knowledge of instruments 
1.  Frequently asked for the wring instrument of used inappropriate instrument  
2.    
3.  Knew names of most instruments and used appropriate instrument  
4.   
5.  Obviously familiar with the instruments and their names  
Flow of operation 
1.  Frequently stopped operating and seemed unsure of next move  
2.    
3. Demonstrated some forward planning with reasonable progression of 

procedure 
 

4.    
5.  Obviously planned course of operation with effortless flow from one move to 

the next  
 

Use of assistants  
1.  Consistently placed assistants poorly or failed to use assistants   
2.    
3.  Appropriate use of assistants most of the time  
4.    
5.  Strategically used assistants to the best advantage at all times  
Knowledge of specific procedure 
1.  Deficient knowledge. Needed specific instruction at most steps   
2.    
3.  Knew all important steps of operation  
4.    
5.  Demonstrated familiarity with all aspects of the operation  

 
NEXT PAGE 
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Procedure-Based Assessment (Global Summary) 
 
Level at which completed elements of the PBA were performed on 
this occasion 

Tick as appropriate  

Level 0 Insufficient evidence observed to support a summary 
judgment 

 

Level 1a Able to assist with guidance (was not familiar with all 
steps of the procedure) 

 

Level 1b Able to assist without guidance (Knew all steps of 
procedure and anticipated next move) 

 

Level 2a Guidance required for most/ all of the procedure (or part 
performed) 

 

Level 3a Procedure performed with minimal guidance or 
intervention (needed occasional help) 

 

Level 3b Procedure performed competently without guidance of 
intervention but lacked fluency 

 

Level 4a Procedure performed competently without guidance or 
intervention  

 

Level 4b As 4a and was able to anticipate, avoid and/ or deal with 
common problems/ complications 

 

 
Generic Global Summary  
 
Not Competent Borderline Competent 
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