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Abstract 

Background: The predictive validity of cognitive and non-cognitive factors in 
the development of surgical trainees’ competencies are not well described. 
Further research gaps exist regarding the impact of competitive personality 
traits and competitive platforms in the development of skills. We hypothesised 
that several trainee factors and competitive games platforms are conducive to 
technical and non-technical skill acquisition. 

Aims: The primary goal of this dissertation was to determine in essence, true 
competitive factors in surgical trainee competency. In addition, we aimed to 
develop gamified simulation resources that motivate deliberate practice in the 
home environment. 

Materials and Methods: This research was conducted via multiphase mixed-
methods approaches, involving premedical/medical students, surgical trainees 
and trainers. A systematic review and meta-analysis for the predictive validity of 
selection-criteria to surgical training were performed (chapter #3). A pre-post 
intervention analysis was conducted to determine the impact of open-
benchmarking of operative records, and identification of variables influencing 
operative exposure and competency (chapter #4). Cross-sectional and 
prospective cohort studies were undertaken to determine predictive variables in 
the baseline, acquisition and maintenance of laparoscopic skills (chapter #5). A 
single-blinded randomised controlled trial was implemented to determine the 
impact of a dedicated laparoscopic ‘serious game’ on the voluntary acquisition 
of technical skills (chapter #6). A cross-sectional analysis was utilised to assess 
the face, construct and concurrent validity of a decision-making serious game 
collaboratively developed (chapter #7). A randomised cross-over study was 
performed to evaluate the impact of 360° virtual reality videos on attentiveness, 
engagement and information retention (chapter #8). 

Results: This research demonstrated the predictive validity of several pre-
training factors with future in-training performances. Visuospatial aptitudes and 
fine-motor experiences were associated with acquisition and maintenance of 
minimally invasive skills. While competitive personalities provided no 
performance benefit with psychomotor skills, introducing competitive dynamics 
and serious games platforms resulted in significant benefits and evidence of 
validity. 

Conclusions: A multiplicity of academic and non-academic factors are 
conducive to technical and non-technical skill progression. In addition, a 
rivalrous learning environment may promote improved recording behaviours, 
but competitive personalities were not associated with psychomotor 
performances. Furthermore, multiple serious games platforms demonstrated 
evidence of validity and may be conducive to deliberate practice in the home 
environment. 
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 Evolving Surgical Practice 

“See one, do one, teach one”, a term historic of the twentieth century (Halsted, 

1904), or does it continue to loiter in medical practices? Halsted’s apprenticeship 

model of surgical teaching has been significantly challenged in the last two 

decades, and many institutions would advocate a simulation-based model of “see 

one, simulate many, do one” (Vozenilek et al., 2004). This paradigm shift in 

training was slow to be adopted but has now evolved to dominate and 

revolutionise global surgical training curricula and research foci in the last 

decade. This new era of surgical training was instigated by a number of external 

influences. Landmark papers, most predominantly ‘To Err is Human’ (Institute of 

Medicine Committee on Quality of Health Care in America, 2000), revealed high 

incidences of adverse events and pressurised a revolution in surgical training. 

Simulation now dominates surgical practices (Reznick and MacRae, 2006).  

Considering the ever advancing simulation and surgical technologies, and 

transitioning educational practices, designing and achieving optimal training 

standards and curricula into the future is challenging.  

 

 Desirable Surgical Attributes 

While one may debate the fundamental attributes of an ideal surgeon, one 

could pose philosophical and subjective arguments to most aspects. Reaching 

consensus on the ‘perfect’ surgeon is unlikely, even amongst the surgical 

profession (Arora et al., 2009). However, one cannot deny these extend beyond 

the commonly referred to academic aspects of intelligence and manual 

dexterity, to encompass a decisive but warm personality, an insightful self-

developing nature, realistic judgement and humility (Morton, 2000). While a 

balance between technical skills and range of knowledge is required, a resilient 

personality may allow one to persist through long and intense working hours 

with potential adverse events (Akopov and Artioukh, 2017). In 1999 the 

Accreditation Council for Graduate Medical Education (ACGME) endorsed a set 

of six core competencies that trainees are encouraged to develop and training 

institutes are obligated to teach and assess through a competency-based 

approach (Holmboe et al., 2016). These involve patient care, medical 
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knowledge, professionalism, interpersonal and communication skills, practice-

based learning and improvement and systems-based practice (Holmboe et al., 

2016). Similar guidelines, the CanMeds (RCPSC) framework of competencies 

was created in North America, which include the aspects of the communicator, 

collaborator, leader, health advocate, scholar and professional, each integrating 

with a universal medical expert competency (Frank et al., 2015). The Irish 

Medical Council outlines the eight domains of good professional practice 

expected of all doctors in Ireland irrespective of their area of expertise. These 

include clinical skills, professionalism, scholarship, management (incl. self-

management), collaboration and teamwork, communication and interpersonal 

skills and relating to patients, all integrated with patient safety and quality of 

patient care (IMC, 2010). The framework and objectives behind these 

competencies are seen in many well designed surgical curricula, through to 

summative and formative assessments. 

 

 Surgical Competency and the Associated Challenges 

1.3.1 Selection Strategies 

While the framework and learning curricula associated with these objectives are 

typically well outlined, the path to achieving such competencies may be less 

transparent. Anecdotal to most professions, the predominant strategy adopted 

by committees to maximise surgical trainee proficiency is to focus on the 

strategies to select such candidates, in the anticipation that they are most likely 

to succeed. With an expanding patient population and subsequent demand for 

surgeons, there is a lack of evidence to suggest that ‘perfect’ candidates can 

satisfy this need. Besides, some North American evidence suggests that the 

initially more desirable candidates at selection may be significantly more likely 

to leave surgical programs before completion (Wolfson et al., 1991; Farley and 

Cook, 2001).  While this dissertation is focused on the competitive factors to 

progression, one must recognise the existing environmental obstacles that may 

impede the acquisition of surgical competency. Through an examination of 

these existing impediments, and an evaluation of strategies adopted in other 

nations, it may not only validate the foundations for this dissertation but may aid 

in identifying solutions and maximising throughput and proficiency from training 

in the current era. 
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1.3.2 Working Time Directives 

The shift to an increasingly observational-model of surgical training previously 

suggested (Vozenilek et al., 2004), poses additional challenges to the 

achievement of both technical and non-technical skills. Achieving many of the 

competencies and attributes described previously may be difficult across a 

shorter training career. In perhaps a related but inopportune time, the working 

environment has also undergone significant transformation, which may 

compound these obstacles to surgical competency. The introduction of the 

European Working Time Directive (EWTD) has provoked significant debate 

regarding the limitation of medical trainee’s working hours (Fitzgerald and 

Caesar, 2012).  

The EWTD, (2003/88/EC) outlines statutory workplace regulations including but 

not limited to: 

o A maximum averaged working week of 48 hours over the term. 

o Eleven hours of consecutive daily rest per 24 hours or equivalent, 

between each shift. 

o 35 hours of consecutive rest every seven days or, two periods of 35 

hours or one period of 59 hours of rest every 14 days, or equivalent.  

While the introduction of such restrictions may have well-intended benefits, to 

reduce adverse events and improve physician’s quality of life (Giles, 2010), this 

may adversely affect experiential learning. Despite these benevolent intentions, 

mechanisms adopted by hospital institutes to ensure compliance include night 

shift models of training; These have not improved UK trainee’s quality of life or 

sleep patterns as was anticipated (Levy et al., 2007; Grover et al., 2008). Even 

so, reports remain conflicting on the effect of sleep deprivation and technical 

skill performances (Taffinder et al., 1998; Erie et al., 2011; Eastridge et al., 

2003; Leff et al., 2008; Grantcharov et al., 2001a). A common observation 

shared amongst most surgical trainees is that the EWTD has not benefited 

doctors or the UK health service (Lambert et al., 2016).  

Sequentially, several studies in the United Kingdom and North America now 

have growing concerns of their surgical trainee's limited operative experience 

and the anticipated negative impact the EWTD may have (Thomas et al., 2015; 

Chikwe et al., 2004; Carlin et al., 2007). Further research in North America has 
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highlighted significant deficiencies in trainee operative experience from 

expectations (Bell et al., 2009; Malangoni et al., 2013; Stein et al., 2012). In 

Ireland, junior surgical trainees have reproduced similar deficiencies compared 

to indicative operative targets (Lonergan et al., 2011), and after the introduction 

of the EWTD (de Blacam et al., 2016).  

This reduction in operative experience is likely multifactorial and working time 

directives are unlikely to be the sole determinant. Dual operating theatres active 

simultaneously under the care of the same consultant surgeon, have been 

abolished to ensure patient safety. Furthermore, the evolution of evidence-

based medicine has altered the management of a variety of surgical 

pathologies, potentially to conservative management. This is especially relevant 

considering the ageing population, the recent evolution of interventional 

radiology therapies, advancing antimicrobial guidelines and intensive care. 

Additional constraints to Irish surgical operative volume include the surge in 

acute surgical admissions which may limit the ability for elective operative 

cases, and the delays or occupancy limitations subsequent to multi-drug 

resistant bacteria or staffing/fiscal restraints.  

While significant task forces were undertaken by the Royal College of Surgeons 

in England and alike regarding the effects of the EWTD and current training 

issues (Independent Working Time Regulations Taskforce, 2014; Greenaway, 

2013; Temple, 2010), the adverse implications in Ireland are yet to be fully 

elucidated. Furthermore, while the impact on technical skills and operative 

experiences can somewhat be measured through the evaluation of operative 

logbooks or Direct Observation of Procedural Skills (DOPS), the effect of 

shortening this experiential workplace learning on trainee’s situational 

awareness, human factors’ skills, leadership/professionalism and pre to post-

operative care have yet to be described.   

 

1.3.3 Evolution in Patient Expectations 

The public’s relationship with the medical profession and surgical discipline has 

also significantly changed in recent times. While the ratio of doctors per capita 

may have improved, the justified expectations of a well-informed patient 

population are rising (Theorell, 2000). Patient centred care is the prevailing 
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approach to healthcare in the twenty-first century (Lateef, 2011), and secondary 

goals are appropriately sacrificed where necessary. The technological 

advances in surgical devices and approaches, in addition to high media 

coverage, may result in high levels of expectations amongst patients. Managing 

these expectations can prove challenging, and a mismatch between 

expectations and outcomes can result in distrust or litigation. Furthermore, with 

the overarching responsibility of patients on the clinical team leaders, senior 

staff may be pressurised to micromanage both ward and operative 

management of patients. It remains a recurring challenge to encourage the 

development of trainee cognitive and technical skills in the workplace while 

most critically ensuring patient safety. Senior supervision is vital to maintaining 

patient safety while ensuring targeted feedback conducive to development. 

Patient safety is internationally recognised as of fundamental importance, with 

hospital protocols and training goals predominantly structured around this 

principle. This essential principle has appropriately transformed surgical 

workplace dynamics, promoting an ever-increasing frequency of consultant 

supervised theatre time (Itani et al., 2005). This, however, increases trainee 

discontent (Ko et al., 2005), due to the struggle for a degree of operative 

autonomy (Moulton et al., 2010). This increased supervision is desirable for 

trainees and patients, considering the higher peri and post-operative 

complications related to junior or lower experienced/low-volume surgeon-

operators (Bennett et al., 1997; Tekkis et al., 2005; Boudourakis et al., 2009; 

Birkmeyer et al., 2003). This is relevant across many specialties from general 

(Kandil et al., 2013; Al-Qurayshi et al., 2016), orthopaedic (Ravi et al., 2014; 

Lau et al., 2012), and vascular surgery (Dimick et al., 2002). One of the most 

commonly cited studies of this subject (The Southern Surgeons Club, 1991), 

determined a 2.2% incidence of bile duct injury in the first 13 laparoscopic 

cholecystectomies with a 0.1% risk thereafter (Meyers, 1991).  

The flexible nature of healthcare in the current era provides the patient 

population with plentiful options in the management of their clinical conditions. 

The transparent and publicly-available nature of many surgeons and hospitals’ 

operative volumes and outcomes, especially in the United States and the United 

Kingdom, provides well-informed patients with the ability to choose not only 

location but also operator (Chou et al., 2015; Radford et al., 2015). 
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Furthermore, in Ireland, a proportion of elective surgical cases are logistically 

being directed away from teaching hospitals to private centres to address 

excessive teaching hospital waiting lists. Many of these cases would be ideal 

learning opportunities for surgical trainees.  

 

1.3.4 Medical Complexity of the Patient Population 

In addition to the previous pressures described, the proportion of complex 

operative cases in Irish training hospitals may also be increasing, following the 

designation of specialised regional centres for cancer treatment (National 

Cancer Control Programme [NCCP]) and trauma services, typically to tertiary 

university teaching hospitals. These complex or acute operative cases may not 

be conducive to technical skill development amongst more junior surgical 

trainees, as the level of complexity warrants advanced expertise. In addition, as 

the general patient population becomes progressively older, the complexity of 

their comorbidities may also increase as we transition to “an epidemic of chronic 

disease” (Anderson and Horvath, 2004; Institute of Medicine (US) Committee 

on the Future Health Care Workforce for Older Americans, 2008), and an era of 

polypharmacy (Golchin et al., 2015).   

 

1.3.5 Limitations in Resources 

Furthermore, the highly pressurised public health service in Ireland puts 

significant volume demands on consultant-led surgical teams and operative 

waiting lists in the current era (National Clinical Program in Surgery (NCPS), 

2017). In addition, national quality improvement programs introduced to ensure 

high theatre efficiency and cost-saving measures may not be harmonious with 

teaching environments (TPOT (2010-2016), TQIP (2017) [NCPS]). Significant 

time and related costs are attributable to in-operative teaching (Weber et al., 

2017; Bridges and Diamond, 1999; Babineau et al., 2004; Torney et al., 2012; 

Pollei et al., 2013; Allen et al., 2016). 

A major issue highlighted in the UK report (Shape of Training) was the 

significant utilisation of surgical trainees for service provision with a limited 

focus on training (Greenaway, 2013). One strategy that perhaps could aid in 
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refocusing the training environment is the provision of formal courses in clinical 

teaching such as ‘train the trainer’, which may be underutilised in the current era 

(Feeley et al., 2018). With limited fiscal space in the current healthcare 

environment, patient centred care is of fundamental priority, and one must 

acknowledge the dual but often conflicting roles that a surgical trainee occupies, 

as both a ‘student’ of the system but also a service provider and employee.  

 

1.3.6 Compensatory Mechanisms by Training Body Institutes 

In anticipation of these potential obstacles to workplace learning, training bodies 

have implemented a variety of additional resources and mechanisms to monitor 

and maintain competencies. The Royal College of Surgeons in Ireland, 

recognising the importance of ‘Train the Trainer’ courses, hosts multiple 

sessions per annum to faculty and trainers, to maintain standards. Furthermore, 

Technology-Enhanced Learning (TEL) in surgical education has been heavily 

adopted by the training body through the delivery of a suite of learning 

resources via the web-based trainee portfolio ‘msurgery’.  

These include the delivery of a library of procedural videos with narrated audio, 

didactic procedural content and the provision of laparoscopic take-home kits to 

trainees to encourage deliberate practice. In addition, open-access dry 

simulation laboratories with virtual reality vascular, laparoscopic and endoscopic 

simulators permit trainees to voluntarily utilise the resources in an ‘out-of-hours’ 

context, which may aid in deliberate practice and technical skills development. 

The new Dublin-based National Surgical Training Centre (NSTC) of the Royal 

College of Surgeons in Ireland (RCSI) further provides high fidelity simulation 

resources including a ‘wet laboratory’ for simulation utilising cadaveric (animal) 

and synthetic models. The institute further provides high fidelity patient 

simulators and standardised patient scenarios to trainees on designated training 

days to supplement their cognitive and psychomotor skills development. 
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1.3.7 Shortening of Irish Surgical Training Program 

A ‘run through’ surgical training program was introduced in Ireland in July 2013, 

in association with the Department of National Doctors Training & Planning 

(NDTP, Health Service Executive). It was anticipated that this new streamlined 

model would improve attractiveness and certainty of Graduate Medical 

Education (GME) programs to young graduates, especially regarding the 

duration of training and its relevance to graduate-entry doctors (Broe, 2013; 

Reilly, 2013; NDTP, 2015). The intense debate for the introduction of ‘run 

through’ in the United Kingdom is currently reinvigorated, with both advantages 

and disadvantages described for such schemes (ASiT Council, 2017). 

This new shortened training program,  coinciding with an mandatory global 

compliance with working time directives, potentially reduces surgical trainees’ 

working hours until consultancy by approximately 50 per cent to less than 20 

thousand hours (Jackson and Tarpley, 2009) [calculated from historical self-

reported working hours internationally (Baldwin et al., 2003)]. This significant 

reduction in training hours and subsequent experience creates a challenge in 

delivering training. This inevitably puts significant pressure on junior trainees to 

achieve the same competencies as their predecessors in a significantly shorter 

duration.  

It is essential that patterns described in other countries be avoided, such as 

those in which advanced trainees may compensate by performing more basic 

procedures (Feanny et al., 2005). With more limited time to achieve cognitive 

and technical competencies, increased training-body monitoring of junior 

trainees is essential during the early period described by psychologists as the 

‘Dunning Kruger Effect’ (Figure 1.1) (Dunning, 2011; Kruger and Dunning, 

1999).  
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Figure 1. 1: Dunning Kruger Effect illustration (adapted from (Bruce, 
2015)) 

Shortened training programs may increase desirability amongst prospective 

candidates, but can pose additional challenges to individuals not only achieving 

competency but further limit the conscious ability to be self-aware of whether 

one has achieved it or not (Figure 1.2, conscious competence model, (Howell, 

1982). To address these concerns, the RCSI training body has adapted 

monitoring standards to now involve: six Structured Clinical Assessments 

(SCA), six Supervised Structured Assessment of Operative Performance 

(SSAOP), two Trainee Assessment Reports (TAR) and frequent review of 

operative exposures annually. Trainee progress is assessed at bi-annual 

Competence Assessment and Performance Appraisals (CAPA) sessions, with 

consultation and remediation implemented where necessary based on 

progression scores and annual Human Factor Patient Skills (HFPS) 

communication assessments and Operative Surgical Skills (OSS) technical 

examinations. These are integrated into an Annual Review of Competence 

Progression (ARCP) type process which is deemed critical for ‘run through’ 

programs (Harries et al., 2016). 
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Figure 1. 2: Conscious Competence Model (adapted from (Blumeron, 
2014)) 

It is therefore essential in these transitioning times, that increased workplace 

monitoring, feedback and formative assessment provides trainees with 

continuous evaluation to achieve competencies. Such pressures are not solely 

limited to an Irish context; Based on one of the highest dissatisfaction rates of 

any specialty (GMC, 2014), the Royal College of Surgeons in England issued a 

report in October 2015 ‘Improving Surgical Training’ with 26 recommendations 

including the introduction of a pilot surgical training programme introduced in 

2018 for trial in select few centres and deaneries (RCSeng, 2015).  

Attaining an elite level of expertise is estimated to take over ten years or 

approximately 10 thousand hours of intense, deliberate practice (Jackson and 

Tarpley, 2009). The relevance of these metrics has been referenced in such 

domains as athletics, musical composition and chess (Ericsson et al., 1993). 

With an increasing number of obstacles in a surgical trainee’s context, surgical 

institutes must evolve and compensate to ensure the appropriate selection of 

trainees, delivery of high yield curricula and maximisation of workplace 

opportunities. Founding trainee selection on robust objective criteria, increased 

monitoring of trainees and delivery of high-quality resources may be paramount 

in ensuring a smooth transition to a simulation-rich training environment. 
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1.3.8 International Standards (North America) 

While the length of surgical training across the Atlantic is significantly shorter at 

approximately five years, one must factor their extended 80-hour working week. 

Furthermore, in North America, a trainee’s mean total operating time (5-year) as 

the primary surgeon was previously described at 2,753 hours with a further 272 

hours as an assistant in 2005, resulting in 91.01% of operative-time trainee-

performed (Trainer scrubbed) (Chung, 2005). A significant increase in trainee-

performed operations of 21% has been described between 2005 and 

subsequently 2011 in this region (Malangoni et al., 2013), demonstrating it may 

somewhat represent modern times. This appears inordinately high compared to 

the two-year operative experiences of junior Irish surgical trainees of 27 ± 14% 

commencing in 2007 to an improved 39 ± 16% for those commencing in 2014 

(Harrington et al., 2017b), and perhaps represents a standard to improve upon 

nationally. However, the two clinical environments contrast significantly 

regarding public vs private mix, and the minimal challenges to the North 

American operative cases, as item-for-service payments are typically critical to 

the financial status of each hospital institute. 

 

1.3.9 Training provision in Ireland 

The body responsible for surgical training in Ireland currently is with the Irish 

Surgical Postgraduate Training Committee (ISPTC) of the RCSI. The national 

governing body, the Irish medical council also outlines accreditation standards 

for postgraduate medical education, outlining a number of critical principles 

(IMC, 2011a). Further priority recommendations to such accreditation for Irish 

General Medical Education (GME) in general surgery were reported in 2011 

(IMC, 2011b) which included: a formal update of the objectives of the Basic 

Specialty Training (BSpT) year [one year of single surgical specialty placement 

occupying 3rd year of surgical training], ensuring regular trainee feedback, and 

analyses/feedback regarding the trainee attrition rates which were as high as 

30% in the 2008-2009 BST level. With significant tuition costs associated with 

training UK and Irish surgical trainees (Table 1.1), it is essential to ensure 

proficient training and maintain cost-effectiveness to the exchequer.  
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Table 1. 1: Tuition & ‘Replacement’ Cost of Surgical GME training 

  

With a significant shift in the architecture of surgical training in the Republic of 

Ireland, it is essential to evaluate the present state of affairs to determine if 

further improvement is necessary. An analysis of two-year Core Surgical 

Training data (RCSI Colles Portal [REC1483]) for 2013-2015, 2014-2016 and 

2015-2017 cohorts, reveals attrition from Irish surgical GME training of 52.91% 

across this junior population. As of July 2018, 47.09% of this population had 

proceeded to Higher Specialist Training (81 of 172 individuals), in any surgical 

speciality in the Republic of Ireland. While this is disappointing at an individual 

level, the cost associated with this attrition must also be realised. The GME 

tuition & replacement training cost [calculated from (Harrison and Shalhoub, 

2007)] of this population’s attrition is estimated at a minimum, approximately 

€762,960/year in tuition costs across any two staggered cohort years. While the 

causes of attrition are beyond the scope of this research, one could suggest 

that the tuition of these individuals may further benefit their future careers in an 

alternative specialty. 

An attrition rate of this magnitude, however, must provoke significant reflection. 

The prevalent attrition rate worldwide is estimated at 18% across the lifetime of 

a general surgical training program, the majority of which is voluntary and 48 

per cent of such, occurs by the end of the first year of training (Khoushhal et al., 

2017). The Royal Australian College of Surgeons (RACS) provides a similar 

structured surgical training program to that in Ireland called the Surgical 

Education and Training  (SET) program and an internal review determined an 

attrition rate across the entire program of 15%, the majority due to choice (56 

per cent of attrition rates) and the remainder dismissal or hurdle examinations 

(Forel et al., 2018; Ardnell Group, 2016). The plethora of obstacles to surgical 

trainees developing competency in the workplace, combined with significant 

tuition costs and  early surgical attrition rates, suggests a reassessment of a 

Training Level Cost (€)/year/trainee* 
Core Surgical Training (CST) [2-years] 25,432 

Higher Surgical Training (HST) [6-years] 11,973 
*adapted from Harrison and Shalhoub, 2007. UK based-data, currency value as of 

July 2018. 
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number of factors including: (a) the selection criteria to surgical training 

programs, (b) the competencies associated with the delivery of such training 

and (c) the development of high yield simulation resources. 

 

 History of Simulation 

With significant importance resting with surgical simulation, it is necessary to 

recognise the historical development of such resources. Despite its relatively 

recent development in the medical profession, simulation has its roots in history 

for centuries, likely in the form of military strategies, chess and evolving game 

theory (Tolk, 2012). Simulation’s development in the pre-computer era was 

initiated in 1777 with the early form of the Monte-Carlo method by Buffon 

(Goldsman et al., 2010) in a needle experiment- the foundation of statistical 

models which rely on sequential, random sampling to obtain results (Buffon, 

1777). Simulation provided a significant foundation in subsequent statistical 

developments including the Student's t-test of significance developed by William 

Gosset in 1908, in which manual simulation was used to verify the study’s 

inferences (Gosset, 1908). This Oxford-educated mathematician was an 

employee of the Dublin-based brewery of Arthur Guinness and was forced to 

publish his paper under the guise of ‘Student’ as his employer forebode 

publications due to the risk of industrial espionage (Goldsman et al., 2010; 

1968). 

In 1910, one of the first versions of an aviation simulator was developed in the 

form of the Sanders Teacher which could replicate aerodynamic forces (Page, 

2000). Similar to other simulators in this period, the Teacher was limited by the 

unpredictable variables of nature and the wind (Page, 2000). The urgency for 

pilots in the upcoming World Wars would provide the impetus for the rapid 

development of a variety of similar simulators (Page, 2000). 

One such simulator entered the aviation industry in 1929, the “Link Trainer” an 

invention by Edwin Link which revolutionised aviator’s training for World War II 

(Braham and Beingessner). Like many early inventions, the value of this 

simulator was not appreciated in its junior years, more favoured as a carnival 

ride, but after high profile plane crashes its value was recognised by the US 
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Army in 1934 (ASME-International, 2000).  The Link Trainer may have been 

one of the pivotal developments in the creation of modern day flight simulation, 

and its principles can be recognised in high-fidelity aviation simulators (ASME-

International, 2000).  

The English steel industry at this time was booming and streamlining processes 

and improvement were in high demand. Keith Douglas Tocher, formerly of 

Imperial College Simulation was not content with the present method of 

sampling statistics and did ‘not feel that the use of these Monte Carlo methods 

should be regarded as anything but a stop-gap procedure’ (Tocher, 1952; 

Hollocks, 2008). While employed by the United Steels Company he developed 

the General Simulation Programme (GSP), an industrial plant modelling of 

relevant machines at varying states of activity (Tocher K, 1960). This coincided 

with the rapid development of basic computers such as the Harvard-IBM Mk 1 

calculator, the Electronic Numerical Integrator And Computer (ENIAC) and the 

Ferranti computer models such as Pegasus (Hollocks, 2008). Tocher’s further 

contributions included the first textbook on simulation in 1963, ‘The art of 

simulation’, and flow diagrams in 1964 (Goldsman et al., 2010). 

With the rapid development of electronics over the last half-century, simulation 

has progressed rapidly to manifest as high-fidelity resources in a number of 

professions. In the twenty-first century, it is used on an everyday occurrence in 

disciplines with a significant risk of impact on human lives or with liability risks, 

such as the army, navy, aeronautical and nuclear industries. Active training to 

overcome learning curves associated with these areas may be unfeasible or 

pose an unnecessary risk to human life. Therefore, significant investment in 

high-fidelity simulators and training curriculums was prioritised. It remains to be 

questioned, therefore, why simulation in surgery was slow to be adopted (Zevin 

et al., 2014), and if the fidelity of this has reached optimum standards. 

 

 Aviation and Surgical Training Standards 

The pressure from a booming commercial aviation industry brought about the 

development of quality, high fidelity aviation simulators, setting in place 

international standards of practice (Kozuba and Bondaruk, 2014). Adopting 
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strategies from other successful professions can often be beneficial. The 

comparison between aviation and the surgical profession is commonly 

referenced in recent times (Wauben et al., 2012), due to similarities in 

simulation need, safety protocol adherence, the risk to human life and inherent 

daily worker-client contact. However, as previous researchers suggest, in 

practice they may differ considerably (Sommer, 2014). A comparison of each 

professions simulation standards and working condition regulations are outlined 

in Table 1.2.  

Table 1. 2: Practical and Working Condition Regulations 

Criteria Irish Surgical 
Discipline* 

Commercial Pilot Licence 
(CPL grade)** 

Mandatory ‘instructed’ practical 

experience (hrs) 

Defined specialty 

specific volume of 
procedures as per ISCP 

≥180 hours (80 hours dual 

instructed and further 
components) 

Frequency of mandatory 

simulation recertification once 

graduated 

No statutory Regulations Bi-annual (operator 

proficiency check), Annual 

(Licence proficiency check) 

Maximum working time per week 

(hrs) 

48 25 

Maximum working shift (hrs) 24 13*** 

Minimum rest time between shifts 

(hrs) 

11 per 24 hrs ³12 hrs/ previous shift 

duration 

Minimum consec. rest time per 

week (hrs) 

35  36 

* Commission Regulation (EU) No 88/2013, average hours with exceptions, ISCP Guidelines, 2016. 

**Commission Regulation (EU) No 83/2014 & No 216/2008, average hours with exceptions 

***dependent on acclimatisation, sector#, crew#, commencement time, extendable dependent on consec. bunk rest in-flight 

(max 18 hrs). 

 

Comparing mandatory practical experience between the two professions is 

difficult as the Intercollegiate Surgical Curriculum Program (ISCP) guidelines 

define experience by specialty and procedure type (ISCP, 2016), while aviation 

defines the measure in hours. One of the fundamental differences in this 

category is that commercial pilots can accrue a portion of these hours in a 

simulator while this is currently not feasible in the surgical profession. 

The fidelity of commercial aviation simulators may be of such standard 

currently, that distinguishing the simulator from reality remains a challenge. 
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However, the reproducibility of aviation simulators is likely considerably less 

complicated than that of surgery. Aviation requires the simulation of the 

movement, function and appearance of a fixed object within a limited number of 

predictive conditions and environments. In surgery, however, even reproducing 

artificial tissue remains a challenge, including its malleability, plasticity and 

variability. Furthermore, with current technological limitations, multiuse, realistic 

surgical simulators that reproduce a representation of the environment, patient 

characteristics and tissue similarities are limited. Replicating the complex 

cognitive processes, the interplay between personnel and theatre working 

environments remains challenging for surgical simulation.  

Regarding prerequisite technical training, an intense ‘boot-camp’ course was 

introduced in Scotland for surgical trainees in 2012 (Hamlin and Finlayson, 

2012), and taught concepts not limited to didactic lectures, research 

methodology, wet lab skills including bowel anastomosis, tendon repairs, 

communication skills, human factors/patient safety and simulated ward rounds. 

Similar boot-camp concepts have existed since 2004 in North America for final 

year medical students entering surgical residency (Boehler et al., 2004; Neylan 

et al., 2017).  

In 2013, this concept was introduced in an Irish setting to become mandatory, 

provided over a five day period and has shown favourable immediate post-

course effects (Heskin et al., 2015). In this limited period, the technical skills 

provided, likely aid in transitioning through the early cognitive stage of the tasks 

motor learning. Meta-analysis of such effects demonstrates a significant 

improvement in immediate post-course clinical skills, confidence and knowledge 

(Blackmore et al., 2014). However, any course-specific effects are yet to be 

adequately described in a clinical setting.  

 

 Simulation in Medicine 

Simulation in its basic form has been defined as “the artificial representation of 

a real-world process to achieve educational goals via experiential learning” 

(Flanagan et al., 2004). Simulation techniques can and should be applied to 

every facet of surgical training. Simulation for surgical trainees intends to 



47 
 

efficiently overcome the technical or non-technical learning curve to achieve a 

minimum level of competency that is safe to the patient population. The use of 

simulation aims to develop the cognitive and psychomotor skills that underpin 

operative procedures and aid in progressing through the three stages of motor 

skill acquisition- cognitive, associative and automation (Wulf, 2007).  

This ergonomic and mathematical model of motion was principally theorised in 

the 1960’s by Fitts & Posner and is widely accepted in the literature (Table 1.3) 

(Fitts and Posner, 1967). The cognitive stage involves the individual 

comprehending the task and requires significant cortical activity with movement 

components consciously initiated and resulting in awkward and abrupt motion. 

For a given task, the first stage involves the individual comprehending the 

individual mechanics, how to hold the instrument and the ergonomic 

movements and architectures (Reznick and MacRae, 2006). With deliberate 

self-practice, this progresses to a more fluid and efficient activity during the 

associative phase, until eventually the motion is perfected and reaches 

‘automatacy’. 

Table 1. 3: Stages of Motor Learning 

 

Deliberate practice is a vital component in the application of these learning 

stages in a surgical trainee’s skill development. The cognitive and associative 

stages must be addressed in the simulation laboratories, providing the basic 

know-how and motor memory that can be applied to a given operative 

procedure (Reznick and MacRae, 2006). Furthermore, deliberate practice may 

Learning 
Stage 

Objective Attentional 
Exaction 

Motion 

Cognitive 
‘Verbal’ 

Comprehend activity Consciously 
involved 
movements 

Abrupt, awkward 
& distinct 
motions 

Associative Fine motor 
improvements 

Combination of 
conscious & 
automatic 
movements 

Improved 
reliability,  
fluidity & 
economics 

Autonomous 
‘motor’ 

Effortless, perfected 
movement without 
attention 

Automation of 
movements 

Smooth, fluid & 
efficient 

*adapted from Wulf, 2007; Fitts and Posner, 1967, Reznick, 2006. 
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be challenging to achieve in the workplace (Ericsson et al., 1993). Rather than 

purely the attainment of autonomous motor functions, expert surgeons are 

considered those with persistently superior outcomes than non-experts 

(Ericsson, 1996).  

As previously described, volume of operations is considered a significant factor 

in patient outcomes and therefore the progressive nature of expertise, even at 

high levels of seniority (Halm et al., 2002). This further suggests that the level of 

professional or social seniority should not be interpreted as attaining expertise, 

and in fact, many professionals may obtain an average reliable performance for 

the rest of their career (Ericsson, 2004).  

Perhaps an interpretation of technical expertise relates to the functional ability 

to independently overcome critical incidences or demanding moments 

intraoperatively. Ericsson describes this amongst physicians presented with 

challenging situations that may involve complex medical comorbidities or rare 

pathology (Ericsson, 2004). To go further afield, de Groot represents this well in 

the analysis of ‘Grand Master’ and expert chess players, in which performance 

is related to the optimum choice during critical moments rather than throughout 

the task (deGroot, 1946).   

While deliberate self-practice may overcome the psychomotor learning curve for 

a given procedure, it may extend beyond the early stages of motor learning. 

Ericsson suggests it is not purely volume of surgical exposure but rather volume 

of deliberate practice that promotes expert performance (Ericsson, 2000). 

Summative technical assessments in a simulated environment are frequently 

relied upon to assess competency progression. However they cannot be 

interpreted as achieving a level of expertise as they solely represent the varying 

attainments of learning of psychomotor skills or memorising of procedural steps. 

Theoretically, competency should be assessed and monitored passively in the 

workplace to reproduce realistic representations of a trainee’s performances 

(Epstein, 2007). 

Immediate feedback post specialised training is most conducive of skill 

improvement and is essential to deliberate practice and intraoperative learning 

(Trehan et al., 2015; Ericsson, 2004). This feedback or formative assessment 

fosters learning, enhances techniques and corrects behaviours (McKendy et al., 
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2017). While it is generally accepted that feedback is an essential element to 

promote teaching competencies, in an Irish context the majority of physicians 

surveyed have never sought feedback on their teaching quality (Feeley et al., 

2018). The complex limitations on the potential for learning in the current 

hospital environment promote further pressure on the use of simulation.  

 

1.6.1 Types of Simulation 

Simulation for technical skill development has attracted the most attention and 

investment, potentially due to the commercial attractiveness of developing 

technical psychomotor-based simulators. This is with specific regard to 

minimally invasive or endoscopic techniques which can be replicated using 

currently available technology and operate independently without the 

requirement for additional staff input. However, simulation extends beyond the 

psychomotor aspects, to include situational awareness, team and patient 

communication skills, mental skills training and adverse event management. 
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Table 1. 4: Modes of Simulation 

 

Technical Skill Simulation Domains (summarised in Table 1.4): 

o Open surgical skills- This remains the most underdeveloped domain of 

surgical simulation due to the limitations of current technologies. 

Typically, this focuses on the stepwise and incremental acquisition of 

skills including instrument handling and ergonomics, knot tying 

(single/double-handed), suturing, excision and dissection techniques. 

Initially, these are simulated on plastic models but can be introduced to 

cadaveric scenarios. Primitive synthetic models are available to replicate 

a limited number of basic to intermediate procedures such as sapheno-

femoral ligation, hernia repair and excision of subcutaneous lesions. 

While not widely available, open procedures can be simulated on human 

cadavers and cadaveric/live animal models. In the current era, the 

Simulator Target Skill Modality Fidelity Benefits Disadvantages 
Cadaveric 
(Human,  
animal) 

Open, Laparoscopic, 

Endoscopic, Robotic, 

Endovascular* 

High Simulates entire 

procedure,  

Expensive, institute-

based, staff dependent, 

single-use, availability 

(human), risk of infection 

Benchtop 
models 

Open, Laparoscopic, 

Robotic 

Low Inexpensive**, 

Portable, Staff-
independent, Multi-

use 

Simulates part of basic 

procedures, 
predominantly for junior 

trainees, 

Virtual 
Reality 

Laparoscopic, 

Endoscopic, Robotic, 

endovascular 

Medium Staff-independent, 

Multi-use, 

Performance metrics 

Expensive, institute-

based, 

Animal 
(Live) 

Open, Laparoscopic, 

Endoscopic, Robotic, 

endovascular 

High Entire procedure, 

Availability 

Expensive, institute-

based, staff dependent, 

single-use, Req. specific 

staff training & facilities, 
ethics,  

Patient 
Simulators 

Open, Endovascular, 

Team Training 

High Multi-use, Data 

recording 

Expensive, institute-

based, staff dependent, 

limited procedural 

applications,  

*requires additional set-up, **synthetic procedure models additional expense 

adapted from Reznick, 2006 
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availability of virtual/augmented reality-based open-procedure 

simulations is minimal due to limitations in technology. 

o Laparoscopic Skills- The majority of laparoscopic skill acquisition is 

simulated using benchtop and virtual reality simulators, both modern day 

modalities that provide haptic feedback. Benchtop simulation provides 

the ability for deliberate practice using plastic or synthetic models, the 

latter of which is of single-use and costly, such as cholecystectomy 

models. Benchtop models are advantageous due to their portability, and 

they are typically utilised in the early adoption of skill acquisition. 

Cadaveric and live laparoscopic simulations are available in high fidelity 

centres but as of yet are not available in the Republic of Ireland. These 

require additional staff training and institutional resources including 

storage mechanisms and can be of ethical debate. 

o Endoscopic- Typically these simulators are based on virtual reality 

technology and are of limited availability due to their expense and fixed 

location within institutes. They provide performance metrics, data 

collection and adaptability of technical challenge. Cadaveric and live 

models are also possible platforms, but they are infrequently used. 

o Endovascular skills- The availability of endovascular simulation is limited 

and typically based in virtual reality. There is the potential of utilising 

adapted cadaver models or live animals, but this is infrequent (Nesbitt et 

al., 2017). One of the latest developments is the use of high fidelity 

patient simulators such as the SimManTM Vascular (Laerdal, Norway), 

which may be advantageous over cadaver models due to the reusability 

and lower setup time.  

o Robotic Skills- As a relatively recent modality, the simulation of such 

skills is less utilised due to its limited availability in the Republic of 

Ireland. Any simulation platform/technology that can provide laparoscopic 

simulation can theoretically be replicated for the robotic domain. 

Typically, an individual proceeds to robotic simulation after he/she has 

demonstrated proficiency in laparoscopy and there is evidence of the 

transfer of skills (Kim et al., 2014; Thomaier et al., 2017; Anderberg et 

al., 2010). Currently, simulator platforms are mainly available in high 

fidelity centres through virtual reality or live animal models.  
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o Team training- In the modern era, this typically requires high fidelity 

human patient simulators, low fidelity mannequins or simulated patients 

and are utilised to simulate communications, crisis training and 

leadership skills. These require simultaneous staff involvement and are 

typically of limited availability due to their high expense. 

 

1.6.2 Predictors of Technical Competency 

Deliberate practice is now generally accepted by medical educators as essential 

to the achievement of technical competency. However, regarding individual 

trainee factors, consensus is lacking (Louridas et al., 2016). These intrinsic 

factors are now of increasing interest to selection committees due to the 

accumulating number of obstacles to achieving competency. Furthermore, due 

to rapid evolutions in surgical technologies and techniques, the associated 

learning curve associated with their respective competencies may be 

steepening. These technologies include the minimally invasive techniques such 

as laparoscopy, endoscopy, endovascular and robotic or natural-orifice 

approaches. While historically integrated with intellectual and general aptitude 

battery tests (Kaufman et al., 1987), a variety of aptitude abilities have been 

researched in the context of open and laparoscopic skill development (Louridas 

et al., 2016). 

Contrary to some research postulations, this dissertation would propose that 

visuospatial and psychomotor aptitudes are not necessarily an ‘innate’, inherent 

trait (Buckley, 2014), or as suggested, present relatively unchanged from birth 

(Kaufman et al., 1987). Rather, these factors extend far beyond developmental 

gains and progress over time through the influence of a combination of 

environmental factors and activity exposures. As aptly spoken, ‘correlation does 

not imply causation’ (Ksir and Hart, 2016), the cortical demands associated with 

performing laparoscopic procedures may share the same neural networks 

tested by various aptitude scales or may, to some degree, ‘measure’ the other.  

Visuospatial ability is one such aptitude that specifically relates to the 

interpretation and neural processing of image content, to discern the spatial 

relations of objects contained (Anastakis et al., 2000). More specifically, spatial 

ability is the capacity to construct, preserve, retrieve and reconstruct visual 
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imagery (Lohman, 1996).  Each of these may be distinct processing phases that 

can be represented by a variety of spatial abilities. Functional MRI (fMRI) 

studies demonstrate significant activation in the superior parietal lobe during 

complex laparoscopic tasks (Bahrami et al., 2014), a region potentially 

associated with visuospatial perception and awareness (Johns, 2014). 

Theoretically, the association between the two is logical. The training or 

deliberate self-practice of one trait may see a corresponding development in the 

target domain through neural plasticity. Video gaming scores, for example, 

demonstrate evidence of a degree of construct validity with aptitude tests 

(Gagnon, 1985), while gameplay can significantly improve visuospatial 

aptitudes (Sanchez, 2012). While not an aptitude as such, video gaming is an 

example of a fine-motor activity that may improve laparoscopic performances 

(Rosser et al., 2007). 

 

1.6.3 Skills Transferability 

The international recognition of the value of simulation in the surgical profession 

is based on significant evidence in the literature. This mounting evidence 

suggests that simulated technical skills are to some degree, transferable to the 

operating room  (Dawe et al., 2014; Sturm et al., 2008). Regarding laparoscopy, 

a number of studies have demonstrated the value of simulation for both virtual 

reality and video trainer platforms (Grantcharov et al., 2001b; Scott et al., 2000; 

Seymour, 2005; Hamilton et al., 2002; Ahlberg et al., 2002). Virtual reality 

endoscopic training has demonstrated improved performance and transferability 

to the clinical setting, especially in the early development of skills (Cohen et al., 

2006; Ahlberg et al., 2005; Sedlack et al., 2004). Further minimally invasive 

training in endovascular simulation has elucidated similar benefits (Chaer et al., 

2006).  

 

 Current Issues with Simulators 

With increasingly limited time in the workplace, and select training days 

available, the ability for repetitive and deliberate practice is restricted. Despite 

the majority of a surgical trainee’s average week being spent outside of the 
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hospital or training institute due to EWTD compliance, there remains limited 

ability to develop technical skills in the home environment. While previously 

demonstrated of significant importance, and a number of modalities available, 

the availability and feasibility for deliberate practice with such resources, to 

progress toward expertise is restricted. 

Despite the availability of surgical simulators such as benchtop and virtual 

reality platforms in institutes outside of training hours, voluntary use of such is 

limited (van Dongen et al., 2008; Chang et al., 2007). Although the overall goal 

of simulation is to replicate conditions to as near as possible to real life, surgical 

simulation is typically abstract and performed out of context to a hospital or 

operating environment. This may reduce trainee motivation and perceived 

benefits of such resources. With a wide disparity in the geographical location of 

trainees, promoting self-motivation and usage of simulators in the Dublin based 

National Surgical Simulation Centre remains difficult. There may be an 

argument to further supplement simulation in the home environment in these 

cases to encourage deliberate practices amongst trainees. 

 

 Motivation 

Educators remain dedicated to seeking methods of encouraging motivation in 

students/trainees to attend and engage with pedagogical sessions. Stimulating 

an intrinsic motivation in the new generation remains challenging as distractions 

are plentiful, and the upbringing of this generation may involve intense and 

high-frequency stimuli. The environment is flooded with positive reinforcement 

and dopamine-inducing reward stimuli such as those in video games 

(Weinstein, 2010). In the 21st century, society may have been conditioned to 

self-motivate based on reward and avoidance mechanisms. 

However, distractions such as mobile phones can be detrimental to learning 

(Kuznekoff and Titsworth, 2013; Fang-Yi et al., 2012). Considering the high 

frequency of distracting technology available in educational settings (Lenhart et 

al., 2010), trainers may not have adapted their teaching styles to suit the newer 

generation; medical students frequently adopt the assimilation learning style 

while evidence suggests faculty may be convergent and accommodative 
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(Engels and de Gara, 2010). These learning styles may transition as one 

progresses through training programs or be specific to one’s era of education, 

with trainees holding similar learning styles to that of faculty (Drew et al., 1999). 

These styles would suggest that surgical trainees would most benefit from 

learning via manual, active experiences and problem-based scenarios (Drew et 

al., 1999). 

The demographics of medical students may also be evolving (Dhalla et al., 

2002) and tailored methods of assessment should be implemented (Epstein, 

2007). Research suggests that teachers should adjust their assessments and 

styles to accommodate the student audience (Cook, 2005; Lubawy, 2003). 

Anecdotally, Generation Y (the millennial generation) are characterised as 

technologically adept and with increased expectations for technology-enhanced 

learning than their predecessors (Gardner, 2006; Romanelli et al., 2009). 

Considering the rapid advances in recent technologies, this ‘digital division’ 

between generations may be widening (El Bialy and Jalali, 2015; Roebuck et 

al., 2013). 

Motivational saliences may be a significant component of student learning 

(Sage, 2017; Jovanovic and Matejevic, 2014); The incentive salience to self-

educate or be stimulated by the promise of reward or recognition from family, 

peers and faculty for excelled examination results. However, aversive saliences 

may also be a contributing factor such as the motivation to avoid unpleasant 

feedback including examination failure. These saliences may aid in reinforcing 

future positive and negative conditioned behaviours amongst student 

populations. Attempting to promote a learned self-motivation amongst a trainee 

cohort without incorporating structured salience responses may result in 

inadvertent results. Competition is one such dimension that provides immediate 

feedback and inadvertently incorporates both motivational saliences. 

 

 Competition and Rivalry 

Competition remains a contentious area in a variety of professions including 

medical disciplines. The surgical specialty is no different with one of the highest 

competition rates of any discipline in the United Kingdom (McNally, 2008). As 
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described, competition may provide a natural foundation for both incentive and 

aversive saliences. With significant costs associated with a surgical training 

curriculum, developing a proficient and optimised teaching environment is 

essential, and elements to incentivise or encourage trainee participation are in 

high demand. 

Although goal-based outcomes are intrinsic to sport’s psychology, they may 

have compelling educational applications. Both task and ego-involvement are 

intricate to achievement goal theory. Reward feedback is founded on 

dopaminergic pathways (Schultz, 2006), and thereby, may be more associated 

with ‘ego-involved’ goal theory. Furthermore, dopamine may have a significant 

role in stimulus-associated reward learning with incentive saliences (Flagel et 

al., 2011). Research suggests that the introduction of a competitive dynamic 

may have positive effects on performance in a number of different disciplines 

including sport and education. 

Competition in sport is an inherent and integral element of the game as 

individuals or teams vie for reward or recognition. The introduction of 

competition to a variety of exercises has been researched. Rhea determined 

that its introduction in weight-lifting furthers achievements and promotes self-

presentation/awareness theories (Rhea et al., 2003). Tanaka determined 

alterations in kinetic and arousal states amongst amateur and professional 

golfers (Tanaka and Sekiya, 2010). The effect of competition on basketball 

performance was found to be significant, especially regarding intrinsic 

motivation in an intergroup setting (Tauer and Harackiewicz, 2004). 

The effects of competition as an entity have been studied amongst educational 

sectors. Many educational conferences integrate a competitive aspect for oral 

or poster presentations to encourage high-quality content-delivery, as well as 

further engaging delegates in team competitions. Furthermore, the gamification 

of thoracic surgical education for trainees has resulted in a demonstrable 

improvement in engagement (Mokadam et al., 2015). Competition between 

European CPR retraining centres was found to be a motivating factor amongst 

participants (Smart et al., 2015). This competitive dynamic between groups is 

introduced by the Spanish Red Cross for first-aid skills and suggests the entity 

provides evidence of training quality and requirements for self-improvement 
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(Martinez et al., 2010). In a Chinese classroom setting, introducing competition 

amongst students demonstrated a significant performance benefit, but 

increased self-doubt, with the competitive group more likely to sacrifice learning 

opportunities for performance, thereby correlating with goal theory (Lam et al., 

2004). In a surgical context, the introduction of this rivalrous dynamic resulted in 

significant performance benefits in novice laparoscopic training benefits 

(Hashimoto et al., 2015). The Royal College of Surgeons (RCSI) hosts a yearly 

surgical skills competition between medical schools in the nation to encourage 

surgical interest and surgical skill development with potential future trainees 

(RCSI, 2013). 

Competition as an entity is pervasive in everything we do, from the work 

environment to the home, and is so prevalent that it commonly goes 

unrecognised (Kohn, 1986). It may manifest in the surgical workplace, through 

applications for training programs, grants, academic or clinical promotions or 

the constant struggle with colleagues for private practice and clients. Outside of 

the workplace, one's dearest friend becomes a foreign entity during a friendly 

game of football or squash, with only pride at stake (Kohn, 1986). Even six-

year-old children are unknowingly drawn into this lifelong arena as they seek 

that gold star-of-the-week in school. Despite the harsh reality that it is now 

ingrained into society and psyche, it may have a number of beneficial roles and 

productivity applications as described previously.   

 While frequently associated with negative connotations, rivalry as an 

entity may motivate a primal determination to perform and succeed in excess of 

routine competitive ambitions. This can be depicted in the high profile sporting 

and commercial rivalries that occur between sporting giants or large 

enterprises. It remains to be answered, whether one can harness the positive 

attributes of competition and rivalry in education and training, or will it 

encourage a more ruthless dynamic and disrupt a harmonious environment. 
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 Objectives 

1.10.1 Fundamental Hypothesis 

The primary goal of this dissertation was to determine in essence, true 

competitive factors in surgical trainee competency. Through multiple phases 

and a mixed-methods approach, this research aimed to determine true trainee 

competitive factors and the impact of competitive dynamics and platforms in the 

development of technical and non-technical skills development. The attrition 

rates of surgical training internationally pose unique challenges to training 

institutes and service providers. The selection of optimum candidates to surgical 

GME programs and the provision of ideal simulation resources are essential in 

maintaining standards into the future. Significant obstacles to the acquisition of 

trainee competencies are now presented in an Irish context. This research 

aimed to evaluate for robust evidence in surgical selection strategies, methods 

of monitoring competencies and the provision of new engaging simulation 

resources in the home environment.  

By evaluating these factors, this dissertation aimed to provide both nationally 

and internationally, evidence to construct valid selection criteria and further 

evidence of operative opportunity. By evaluating gamified resources, this 

research chose portable and accessible platforms that could potentially deliver 

deliberate practice in the home environment, which remains a significant 

research gap. With an accruement of obstacles to achieving competency in the 

workplace and geographically less accessible simulator-resources (institute-

based) for those occupying university training hospitals in Cork, Limerick or 

Galway (201-258 km distance), the development and evaluation of home 

simulators appear to be the next logical step in the simulation arsenal for 

surgical trainees. These may supplement existing institute-based resources to 

provide trainees with an armoury of platforms for deliberate practice. 

This research hypothesised that introducing a competitive dynamic to the 

surgical trainees’ learning environments would result in a measurable impact on 

behaviours. By introducing competition as motivation in surgical logbooks, we 

anticipated a significant improvement in recordings, which may reflect a more 

succinct representation of workplace learning opportunities. This may allow 

further reflection on the need for simulation resources. We did not anticipate, 
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however, that being intrinsically more competitive would provide performance 

benefits in the delivery of psychomotor skills. We would assess this variable in 

conjunction with fine-motor experiences and psychomotor aptitudes in a 

longitudinal study of laparoscopic skill variation, which we anticipated would 

reveal additional predictors of technical skill acquisition and maintenance. 

Following the evaluation of the impact of competitive personalities and 

environments, and the potential need for simulation resources, this research 

anticipated that gamification and ‘serious game’ platforms would be ideal media 

for the delivery of a variety of surgical simulation domains. We hypothesised 

that gamification or serious game platforms would provide a channel to motivate 

learning, psychomotor and decision-making skills.  

 

1.10.2 Detailed Objectives 

Objective 1. To determine the predictive validity of selection factors to 
surgical programmes with future in-training performance.  

Significant pressures are posed to both training institute selection committees 

and surgical candidates on an annual basis regarding the application process 

for surgical training programs internationally. There is an ongoing debate 

regarding these existing processes in North America due to their high 

cumulative attrition rates of approximately 20 per cent (Yeo et al., 2010; Yeo et 

al., 2018), and lack of conformity between centres (Wagoner and Suriano, 

1999; Makdisi et al., 2011). Locally, recent cumulative attrition rates from early 

surgical GME are over 52 per cent in the Republic of Ireland. An evidence-

based approach to the compilation of selection criteria is essential to maximise 

trainee proficiency and minimise attrition. Reliable and objective competitive 

factors that successfully predict trainee progression are long overdue. Our 

objective was to determine the long-term predictive validity of potential factors 

at selection interview with future in training performance through a systematic 

review and meta-analysis. To the best of our knowledge, no comprehensive 

meta-analysis has been performed on this specific population, and quantitative 

synthesis of existing data may provide further evidence for selection committees 

and institutes.  
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Objective 2. To assess the impact of a competitive dynamic to surgical 
trainees recording behaviours and subsequently analyse these databases 
for independent variables of operative exposure and surrogate markers of 
technical competency. 

As described previously, with significant pressures on workplace efficiency, 

ensuring optimum working conditions is essential for surgical trainees to 

develop operative skills. Historical logbook analyses suggest significant under-

reporting and erroneous recording, resulting in databases which may not 

represent reality. In 2013, RCSI introduced a real-time scoring and feedback 

system to objectively assess trainee quantitative operative exposure relative to 

their training cohort. Through a pre and post-intervention analysis, our objective 

was to assess the impact of open-benchmarking of these operative volumes. 

Through the acquisition of potentially succinct operative databases, we aimed to 

assess for variances in operative exposure depending on trainee, training-site 

and speciality. Additionally, we aimed to assess these volumes for surrogate 

indicators of technical competency.  

 

Objective 3. To determine the predictive validity of competitive personality 
traits, psychomotor aptitudes and fine-motor experiences on the 
variability of laparoscopic performances.  

The acquisition of laparoscopic skills may pose challenges to junior trainees 

due to the requirement for non-intuitive skill development. Previous researchers 

in RCSI have demonstrated some evidence of validity for visuospatial aptitudes, 

and these have been incorporated into selection criteria for Irish surgical 

training programmes. However, a comprehensive knowledge of competitive 

predictors of laparoscopic skill performance is not fully understood, including the 

effects of potential confounding variables such as competitive personality and 

fine motor experiences. Through a multiphase study, we aimed to assess the 

absolute correlations of psychomotor aptitudes on baseline laparoscopic 

performance metrics, followed by a longitudinal assessment of independent 

variables on the acquisition and maintenance of laparoscopic skills. 
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Objective 4. To assess the impact of a dedicated laparoscopic serious 
game on skill acquisition and voluntary utilisation in the home 
environment.  

The ability to deliver resources for deliberate practice is limited in the home 

environment, and platforms for such resources are in high demand. 

Furthermore, the effect of gamification or educational ‘serious games’ on the 

acquisition of minimally invasive skills remains to be described. As previously 

detailed, inciting a self-motivation amongst trainees remains a challenge and 

delivering simulation through platforms with pre-existing intrinsic motivation may 

see further engagement and benefits. To this end, we aimed to assess the 

voluntary utilisation of a dedicated, serious game and controller in the home 

environment and the effect of its training on the acquisition of laparoscopic 

skills.  

 

Objective 5. To evaluate the entertainment platform of Virtual Reality for 
serious games and educational applications  

One of the latest gamified and entertainment platforms is Virtual Reality (VR) 

headset technology. The utilisation of this technology for medical serious games 

and simulation platforms has not been explored, despite its portability, 

immersion and recent high profile. We aimed to assess if this recent gaming 

and entertainment technology could engage and motivate medical audiences, 

through the development and appraisal of both a decision-making serious game 

and video applications. We intended to conduct this through a multi-phased 

mixed methods approach due to the combination of intended applications.  
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 Ethical Approval 

Ethical approval for this research was granted by the regional ethics committee 

of the Royal College of Surgeons in Ireland (RCSI). This mixed-methods and 

multiphase research was conducted under the ethical applications 

REC001128b, REC001202, REC001347b and REC001483. All participants 

from the prospective phases provided informed written consent. Implied 

unwritten consent was obtained on completion of anonymous feedback surveys 

in select study phases. Study information leaflets were distributed to potential 

participants prior to the acquisition of consent or data. To allow due 

consideration, a delay between information distribution and obtaining informed 

consent was typically implemented of a week or longer duration. Individuals 

were informed that participation in the study would not alter their current or 

future medical training and research data collected would be stored according 

to institute protocols, adequately protected from third party involvement. Full, 

informed patient consent was obtained in advance, on the single occasion 

where operative video recording was performed, and no identifiable features 

were ensured in the final published intra-operative recording. Where 

retrospective auditing of data was conducted, de-identified linked-data was 

provided to study authors in conformity with ethical guidelines.  

 

 Participant Recruitment 

Potential participants were contacted through the distribution of invitation 

information emails, notice board leaflets and electronic bulletins, in collaboration 

with the RCSI Institute. These emails were distributed via student class 

representatives, departmental heads and communication departments, with no 

direct contact from authors, to ensure voluntary participation and exclude the 

potential of perceived coercion. Potential study candidates self-declared interest 

in research participation by responding to these emails and were provided with 

study information leaflets. This was followed by opportunities to attend 

information sessions to query study aspects and involvement. Participation in 

prospective studies was wholly voluntary and was exempt from traditional 

educational curricula or assessments within the institute.  
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 Systematic Review and Meta-analysis 

An extensive review and correlation meta-analysis was performed according to 

PRISMA and AMSTAR-2 guidelines to evaluate evidence for the predictive 

validity of selection factors at the time of the interview with future surgical in-

training performances. Nineteen sources of evidence were chosen involving six 

research databases, five trial databases, two thesis and dissertation 

repositories and six grey literature archives (Appendix B). Search strategies 

were compiled using hierarchal structures including MeSH and Emtree, 

truncation and synonyms where appropriate with the assistance of Ms Lorna 

Flannery of the RCSI Library, who must be acknowledged. Record screening 

and data extraction were performed in duplicate with agreement calculated 

utilising Cohen’s Kappa scores. No language, time or publication status 

restrictions were applied to this review, but full-text availability was essential for 

record inclusion, and we must acknowledge the assistance of Ms Carol Creavin 

of the RCSI Library for her assistance on this matter. The review included all 

studies that compared surgical populations’ pre-training attributes with future in 

program technical and non-technical performances.  

Quality and Risk of Bias assessment was performed utilising the Newcastle 

Ottawa Scale and Cochrane Risk of Bias tool 2.0 where relevant. Authors of 

included studies were contacted for additional information and data clarity. We 

must recognise the assistance of Joseph D. Forrester, Stanford University; 

Joseph Milbrandt, Southern Illinois University; Andrew Redman, University of 

Cincinnati; Bridget Zimmerman, University of Iowa; Daniel London, Mount Sinai; 

Craig Ziegler, University of Louisville; Abdullah Alfawaz, King Saud University; 

Tassos Kyriakides, Yale University and Bliss Kaneshiro, University of Hawaii, 

for their cooperation with data supplementation and analyses.  

All effect sizes were converted to a standard correlation r scale where possible 

to facilitate pooling using Comprehensive Meta-analysis (CMA 3.0) and random 

effects models. Forest and funnel plots were created for each independent-

dependent variable combination with sensitivity analysis performed where 

appropriate, through a ‘one-study’ removed methodology. 
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 Participant Demographics 

Recruited participants included 129 preclinical students from a medical 

university (foundation year to 3rd year), 23 final-year secondary school students, 

30 medical professionals from an Advanced Trauma Life Support (ATLS) 

course (11 instructor trainers, 19 attendees including post-graduate trainees, 

interns and non-surgical trauma related-specialties) and 19 consultant 

medical/surgical trainers and surgical conference attendees. The prospective 

studies were further supplemented with a retrospective analysis of anonymous 

linked-data from 527 Basic and Core Surgical Trainees (BST/CST 1-2) from 

2007-2014. Each cohort of participants was recruited and specific to a 

prospective study without overlap of participants. All participants were required 

to be at least 18 years old with specific dependent inclusion and exclusion 

criteria implemented, related to the study phase in question. Although not 

generalised, exclusions included individuals with a history of manual 

laparoscopic experience or surgical aptitude completion (chapter 5 & 6), and 

those prone to vertigo/epilepsy were advised not to participate in interventions 

involving virtual reality headset technology (chapter 7 & 8).  

 

 Survey Platform 

All surveyed content was founded on the popular electronic platform 

SurveyMonkeyTM. This medium was selected due to its general mainstream 

popularity, ease of use and rapid distribution. Survey completion was 

predominantly carried out via this electronic portal, but hard copies were 

available where necessary. Participant baseline demographics and feedback 

were assessed via survey completion. Fundamental extracurricular activities, 

handedness and visual impairment, were also investigated via the surveys for 

those participants within trials of manual skills assessments. Where unvalidated 

measures were utilised to quantify experience, questions were posed in 

multipoint Likert Scales. These included participant variables such as video 

gaming frequency, musical instrument experience and sporting activity. Bipolar 

multipoint Likert scales were utilised for face validity and feedback, to minimise 

acquiescence bias and further distinguish variance in responses.  
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 Operative Logbook Processing 

Historically, operative records were inputted to the ‘elogbook’ (hosted by 

RCSed) by all British and Irish surgical trainees. To objectively score logbooks, 

an in-house application was developed and launched in 2013 by the RCSI’s 

Department of Surgical Affairs (DOSA) and the Learning Technology Manager 

(Mr Donncha Ryan), which processed Irish surgical trainee’s logbook data from 

the ‘elogbook’ at a local RCSI server level. It processed this raw data daily, 

providing quantitative and relative data via an HTML (web) based trainee-

portfolio, accessible to each surgical trainee. This process was developed using 

HTML, C# and Microsoft SQL databases. 

This application provided an objective score for every operative procedure 

based on the level of involvement and complexity of the procedure. Operative 

complexities were adapted from the BUPA schedule of procedures. Before 

introduction, the applications scoring algorithm was piloted on historical data 

and adjusted until outputs complimented respective operative participation and 

complexity levels. The in-depth process is further defined in its relevant study 

(chapter 4). The impact of this competitive intervention has not been described, 

nor the potential value of its outputs in interpreting work-place related operative 

opportunities. 

 

 Assessment of Competitive Personality Traits 

A fourteen-point assessment of competitive personality traits was utilised in this 

research as an independent variable in technical skills assessments. This 

personality assessment was based on the Revised Competitive Index score that 

assesses the domains of both competitive enjoyment and contentiousness, 

through a multi-question 5-point Likert scale (Houston et al., 2002). The scale 

proposes to measure the level of competitiveness associated with a given 

individual’s personality. This index was a further update of a previous scale 

described in 1992, which, while more extensive involving 20 questions, tested 

dichotomous true/false answers and demonstrated low inter-item reliability  

(Smither and Houston, 1992). The revised scale has demonstrated validity and 

reliability with high inter-item reliabilities (α 0.82-0.93) and test-retest reliabilities 
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(α 0.78-0.85) (Harris and Houston, 2010). Furthermore, it demonstrates 

significant correlation with existing competitive scales incorporated in the Sports 

Orientation Questionnaire, the Work and Family Orientation Questionnaire and 

Lindgren's NachNaff (Need for Achievement, Need for Affiliation) scale 

(Houston et al., 2002). The Revised Competitive Index test was converted to an 

electronic version for ease of distribution and scoring in this dissertation 

(Appendix A). This scale, while proposed to assess a stable personality trait of 

ones intrinsic competitiveness (Harris and Houston, 2010), may in part assess 

ones desire or motivation to achieve, indirectly through its significant correlation 

with other scales.  

 

 Aptitude Assessments 

Five aptitudes were selected based on their current utilisation in the selection 

strategy of surgical trainees in Ireland since 2014 and to further supplement the 

validation from previous researchers (Buckley, 2014; Nugent, 2012). These 

encompassed three visuospatial aptitude tests in an electronic format: cube 

comparisons, card rotations, map planning, an electronic perceptual test- 

PicSOR, and a fine-motor dexterity test, the modified grooved pegboard. 

Through the research contributions of the previous institute members on these 

aptitude tests, all have been suggested to possess  a degree of predictive 

validity for the acquisition of laparoscopic skills (Buckley et al., 2013; Buckley et 

al., 2014a; Buckley, 2014; Buckley et al., 2014b; Nugent, 2012; Henn et al., 

2018; Nugent et al., 2012a; Nugent et al., 2012b). However, the effect of 

confounding variables and the effect on entire populations rather than extremes 

of performance was not described. Furthermore, recent reviews suggest that 

evidence is conflicting with few aptitudes reliably predicting technical 

performance especially across skill categories (Louridas et al., 2016). This 

research proposed to further validate these aptitudes individually rather than in 

a composite format and to establish their predictive validity on not only 

acquisition but also maintenance of laparoscopic skills. 

As described previously, visuospatial aptitude is a compilation of a number of 

different abilities that likely each measure distinct processing phases. Each 

phase may be measured by varying ability tests including the domains of spatial 
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orientation and spatial scanning.  Spatial orientation refers to the ability to 

manipulate a complete spatial configuration while maintaining orientation 

(Bergqvist, 2015; Wochinger and Philips, 1997). Spatial scanning describes the 

ability to rapidly explore a spatial field visually (Wochinger and Philips, 1997). 

Perceptual ability is the capacity to interpret and translate two-dimensional 

representations of three-dimensional objects (Kramp et al., 2016). Psychomotor 

ability describes the capacity to perform bimanual motor movements that 

demand eye-hand coordination, fine-movements and rapid reaction times 

(Kramp et al., 2016).  

 

2.8.1 Visuospatial Tests 

The three visuospatial aptitudes (cube comparisons, card rotations and map 

planning) were initially described in the ‘Manual for Kit of Factor-Referenced 

Cognitive Tests’ (Ekstrom et al., 1976) and measure spatial orientation and 

spatial scanning. These three tests were initially designed for paper format but 

have been translated and adapted to an electronic-based format via the web-

based quiz provider ClassmarkerTM for ease of distribution and scoring. A copy 

of these tests is not enclosed to protect the integrity of the current selection 

process. 

 

2.8.1.1 Cube Comparisons 

 

Figure 2. 1: Cube Comparisons Test Conceptualised 
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Cube comparisons is a test designed to test three-dimensional spatial scanning. 

As illustrated in figure 2.1, cube comparisons require the candidate to compare 

two cubes of varying faces to identify if they are matching. The test involves 42 

consecutive binary answer questions (true/false) taken on a single attempt 

within a 6-minute window (8.6s per question). Results are objective and include 

negative marking, thereby requiring decisive but accurate responses to achieve 

high performance. Test-Retest reliability of 0.47-0.84 has been demonstrated in 

the literature (Ekstrom et al., 1976). Instructions for this test were provided to 

candidates before commencement.  

 

2.8.1.2  Card Rotations 

 

Figure 2. 2: Card Rotations Test Conceptualised 

Card rotations is a test designed to assess spatial orientation in a two-

dimensional environment and require candidates to compare two similarly 

designed structures that can be rotated about a two-dimensional axis (figure 

2.2). The test involves 160 consecutive binary questions (true/false) taken on a 

single attempt within a 6-minute window (2.3s per question). Similar to cube 

comparisons, results are objective and include negative marking and 

instructions were provided prior to commencement. Test-Retest reliability of 

0.80-0.89 was previously determined (Ekstrom et al., 1976). 
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2.8.1.3 Map Planning 

 

Figure 2. 3: Map Planning Test Conceptualised 

Map Planning is a test designed to measure spatial scanning in a two-

dimensional format. This single-attempt test involves 40 multiple choice 

questions delivered over a six-minute window (9s per question). Again this is an 

objective test, automatically scored and included negative marking. The 

objective of the test is to identify the shortest route between two lettered points 

on a map by designating the building (number) you would pass by (figure 2.3). 

Instructions were provided before test commencement. The routes involve 

obstacles, and there is only one correct answer.  This examination previously 

demonstrated test-retest reliability of 0.75-0.80 (Ekstrom et al., 1976). 

 

2.8.2 Perceptual Aptitude 

The perceptual test PicSOR is also currently utilised in the selection process of 

surgical trainees in Ireland. The test is provided via a software application 

available on Microsoft-based personal computers. This test assesses the 

degree of accuracy in measuring the slant of an arrowhead rotating with its 

apex fixed to a flat surface. In this perceived three dimensional space, the 

candidate must adjust the angulation of the arrow until the candidate perceived 

it to be 90 degrees perpendicular to the surface in the X and Y axis using the up 

and down arrows of the keyboard (figure 2.4). The test-retest reliability has 

been determined to be 0.81 (Henn et al., 2017). 
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Figure 2. 4: Example of PicSOR Candidate Trial 

There is no time limit to this task, and there are 35 different random cube-arrow 

perspectives (trials) to be completed. Scoring is conducted using a pearson’s 

product moment correlation of the degree of deviation of each arrowhead 

chosen by the candidate from the correct orientation and then the slope of the 

fitted line (Henn et al., 2017).  

 

2.8.3 Psychomotor Aptitude 

The modified grooved pegboard (model 32025, Lafayette Instrument Company) 

was selected due to its current utilisation within the National Surgical selection 

process and ongoing revalidation requirement (figure 2.5).  

 

Figure 2. 5: Modified Grooved Pegboard Example 

This test aims to measure the fine-motor dexterity of both dominant and non-

dominant hands. Under separate timed conditions, candidates commence 

initially using their dominant hand, placing identical shaped pegs or ‘keys’ 
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individually into the pegboard from left to right and top to bottom, while 

attempting to minimise dropping. This is then repeated for the non-dominant 

hand. The pegboard consists of 25 grooved holes (5 x 5 matrix), with each slot 

identically shaped but of varying orientations. This requires the candidate to 

manipulate the orientation of each peg to fit into the respective hole. Error rates 

(number of drops) are added to each respective time duration and averaged 

between hand laterality. The test-retest reliability has been determined to be 

0.91 and 0.85 for right and left hands respectively (Wang et al., 2011). 

 

 Laparoscopic Skills Assessments 

Laparoscopic skills assessments were conducted with both Virtual Reality (VR) 

based simulators and benchtop video box-trainers. The virtual reality platform 

was utilised for measuring precise components of a laparoscopic performance 

which cannot be measured efficiently using video-trainer setups. It facilitated 

this research in identifying independent variables associated with varying 

components of movement. The video-trainers were utilised to assess the 

acquisition and performance variations of commonly utilised and previously 

validated tasks, in a large cohort of participants. This would not have been 

feasible due to the limited availability and cost associated with virtual reality 

simulators.  

All simulator testing was conducted in the National Surgical Training Centre of 

the Royal College of Surgeons in Ireland, Dublin between 2016 and 2017. 

Before testing, the usability, instrument handling and ergonomics of each 

simulator setup were demonstrated to participants and a sample video 

recording of each task being performed.  
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2.9.1 Laparoscopic Virtual Reality Simulators  

 

Figure 2. 6: Simbionix LAP MentorTM (Courtesy of 3D Systems) 

The Lap MentorTM (version II, 3Dsystems formerly Simbionix, Colorado, USA) is 

an interactive virtual reality laparoscopic simulator that provides haptic feedback 

and attempts to replicate the ergonomics and feel of true laparoscopy (figure 

2.6). The simulator has been extensively validated in the literature over the last 

decade and contains a variety of basic and advanced modules (Ayodeji et al., 

2006; Andreatta et al., 2006; Zhang et al., 2008). These include basic tasks and 

complete intermediate and advanced procedures including laparoscopic 

cholecystectomy and nephrectomy. The Basic Task module was chosen due to 

the availability of incremental task difficulty and the presence of previously 

validated scoring algorithms in the literature (McDougall et al., 2006). These 

tasks fundamentally assess the demonstration of psychomotor skills and do not 

require significant components of memory. Assessing tasks with multiple 

cognitive demands and stages, such as an appendicectomy or 

cholecystectomy, could compromise the primary assessment of psychomotor 

skill demonstration.  

In-depth task analyses are necessary to discover the associated psychomotor 

skills relevant to the given procedure (Kaufman et al., 1987). To that end, a 

spectrum of basic tasks that necessitate bimanual instrumentation was 

selected. Each of these tasks has been evaluated in the literature and 

demonstrated evidence of construct validity. These included ‘eye-hand 
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coordination’, grasping and clipping, two-handed manoeuvres, cutting, and 

fulguration. Metrics from each task and instrument are automatically calculated 

and stored including task time, accuracy and error rates, number of movements, 

speed and path length of instruments, and economy of movements. Instrument 

laterality was converted to participant-specific hand laterality for analyses.  

Objectives were automatically provided to participants by the simulator at the 

commencement of a given task. While metrics were collected prospectively and 

stored by the simulator, where applicable, scoring evaluations were calculated 

retrospectively. Participants were unaware of metrics and scores during the 

active portion of the study phases. 

 

2.9.2 Laparoscopic Benchtop Video Trainers 

Laparoscopic Video Trainers were employed utilising Telepack X displays (Karl 

Storz, Tuttlingen, Germany) with inanimate box trainers for assessing 

acquisition and maintenance of laparoscopic skills (figure 2.7). 

 

Figure 2. 7: Laparoscopic Video Trainer 

The tasks incorporated within the Fundamentals of Laparoscopic Surgery (FLS) 

were chosen due to their extensive validity in the literature (Fried et al., 1999; 

Derossis et al., 1999; Vassiliou et al., 2006). Their international applicability 

further emphasises their ideal foundation for examination with testing centres 
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throughout North America and select centres in France, Singapore, Africa, 

China and the Middle East. The certification of proficiency in these tasks is a 

mandatory prerequisite for general surgeons in North America before their 

board examinations. Furthermore, these tasks have been suggested as a 

foundation for simulation recertification amongst surgeons (Scott, 2006), 

emphasising the importance of research in the maintenance of such skills. 

While comprehending and cognitively memorising the steps involved in these 

tasks may appear relatively straightforward, these incrementally challenge the 

psychomotor skills and laparoscopic know-how through a number of domains. 

We chose laparoscopic video trainers to replicate the previously described 

ergonomics of such FLS examinations to allow generalisability of results to 

similar box trainer standards worldwide (O'Donnell, 2014). The tasks involved in 

the FLS include the PEG transfer, Circle cutting, ligating loop, extracorporeal 

knot tying and intracorporeal knot tying. The intricacies of each of these five 

tasks and the associated scoring metrics are described in the related study 

phase. 

 

 Laparoscopic Serious Game and Controller 

 

Figure 2. 8: Laparoscopic Controller Handling (Courtesy of Grendel 
Games) 

A recently developed dedicated laparoscopic ‘serious game’ and a custom-

made controller for the Nintendo Wii U was chosen for study (figure 2.8). This 

product is commercially available worldwide and created by Cutting Edge 

(Leeuwarden, Netherlands) in association with researchers and medical 

professionals at the University Medical Center Groningen (UMCG) (Jalink, 

2014). This educational game is primarily intended to improve the psychomotor 

skills associated with laparoscopic surgery motivated through a ‘serious games’ 
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format on the Nintendo (Kyoto, Japan) Wii UTM console. The unique 

characteristic of this application is the custom-made (initially 3D printed for 

prototype) controller designed to replicate the appearance, handling and 

ergonomics of laparoscopic instruments (Jalink, 2014). This application is 

single-player and requires the user to manipulate obstacles and manoeuvre 

through puzzle-like quests of increasing difficulty.  

 

 

Figure 2. 9: Custom Made Laparoscopic Video Games Controller 
(Courtesy of Grendel Games) 

Depth perception, the fulcrum effect and magnitude of movements of 

laparoscopy are reproduced by this development, with the movements 

measured by the custom controller-platform (figure 2.9) and translated into 

effects on the associated video screen. Evidence of face, construct, and 

concurrent validity has been described in the literature (Jalink et al., 2014a; 

Jalink et al., 2015a). One of the proposed benefits of this application is not only 

its motivational aspects from gamification, but its availability in the home 

environment and relative in-expense compared to traditional laparoscopic 

simulators (figure 2.10). This application is categorised as a ‘serious game’ or 

more specifically, an ‘exergame’ for developing or training locomotive factors. 

The foundation of these applications is further described in the relevant study 

phases. 
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Figure 2. 10: Demonstration of Serious Game Setup and Gameplay 

 

 Advanced Trauma Life Support (ATLS) Course and 
Guidelines 

Advanced Trauma Life Support (ATLS) is a world established course and set of 

robust guidelines to train and certify medical professionals in the safe 

management of acute trauma patients. This training program is developed and 

regularly revised by the American College of Surgeons (ACS) and delivered by 

accredited bodies around the world (ATLS Subcommittee ACS, 2013). This 

research utilised the Advanced Trauma Life Support (American College of 

Surgeons, Chicago, Illinois) guidelines (9th Edition) (American College of 

Surgeons (ACS) Committee on Trauma, 2013). Our research was mostly 

focused on the gamification of the primary survey components including: (a) 

Airway and cervical spine management (b) Breathing and ventilation (c) 

Circulation & bleeding control (d) Disability & Neurological assessment and (e) 

Exposure & Environmental Control. The practice of regular and systematic 

reassessment was also integrated where appropriate. Procedural tasks were 

also selected from the guidelines and the gamified steps implemented in the 

research phase. The development and integration of such guidelines are further 

described in the related study phase. 
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 Virtual Reality and 360° Video Platforms 

 

Figure 2. 11: Samsung Gear VR (Courtesy of Samsung Electronics Ltd) 

The Samsung (Seoul, South Korea) GearTM VR (figure 2.11) was selected as 

the primary platform for virtual reality experiences due to its relatively high 

resolution and perceived visual quality. The Samsung Gear VR headset is built 

in collaboration with Oculus technology and is relatively inexpensive providing 

one possesses the compatible Samsung smartphone. The Samsung Gear VR 

processing power is provided by the accompanying smartphone and can 

provide foundations for running Virtual Reality applications and watching 360-

degree video content.  

Table 2. 1: Comparison of Virtual Reality Headset Devices 

Platform Fidelity Dependent Hardware Headset Cost* 
(euro/unit) 

Google CardboardTM Low Smartphones (req. Gyroscope) 12.80 

Samsung GearTM VR Medium Samsung Galaxy/ NoteTM smart 

phones 

111.02 

Oculus RiftTM High Advanced Capability Computer & High 

Quality Graphics Card.  

449.99 

*prices sourced from Official GoogleTM & SamsungTM store and currency conversion at the time of 

publication. 

 

Alternative headsets (table 2.1) include the google-cardboard (figure 2.12), the 

least expensive virtual reality headset device and anecdotally the lowest fidelity. 

Like the Samsung Gear VR, it requires a compatible smartphone which 

provides the processing platform for VR applications and videos. Unlike the 

Samsung Gear VR which is made of moulded plastic, the Google version is 



79 
 

made of cardboard and does not incorporate  adjustable lens components, 

resulting in a significantly less expensive product. We anticipated this might 

reflect in the viewing experiences.  

 

Figure 2. 12: Google Cardboard and Smartphone  

 

The final device tested was the high fidelity Oculus (Irvine, United States) RiftTM 

device (figure 2.13), which is generally known as of the highest fidelity and is a 

PC-dependent device with a high-quality viewing experience via the headset 

device. This device is not smartphone compatible and requires not only a 

dedicated Personal Computer (PC) but also an advanced capability graphics 

card to support the device.  

 

Figure 2. 13: Oculus Rift Headset 
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 360° Video Camera technology 

 

Figure 2. 14: Go ProTM Omni 360° Camera Array (courtesy of GoPro) 

The GoPro (San Mateo, California) OmniTM (MHDHX-006), a six camera 

synchronised hub of 4K cameras arranged in a cube-like fashion was employed 

for this research (figure 2.14). This camera provides pixel precision 

synchronisation between the six cameras and is advantageous as it allows the 

operator to control the process via a single camera. The camera array can also 

be arranged in any orientation including inverted without incurred issues in post-

production. It can also be attached to an external battery source for prolonged 

recording such as in extensive operative procedures.  The arrangement setup 

of this camera is further discussed in the relevant study phase. 

 

 Software packages 

2.14.1 Kolor Autopano Video Professional & Autopano Giga 

Kolor (Francin, France) Autopano Video ProTM software package allows the 

merging and synchronisation of multiple camera perspectives into a single 

video. In this research, 4K resolution (3840 x 1920 pixel) equirectangular format 

was the intended format for utilisation on Virtual Reality devices and hosting on 

the popular online video streaming site YouTubeTM. The additional Kolor 

Autopano (Kolor, Francin, France) GigaTM software allows additional in-depth 

360-degree video editing including the perfecting of the stitching (merge/anchor 

points) between different camera viewpoints and the masking of defects. This is 
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especially relevant for dynamic movements within the 360-degree video as 

objects alter rapidly from one viewpoint to another.  

 

2.14.2 Adobe Premiere Pro, After effects and Skybox plugin 

The Adobe (San Jose, California) Premier ProTM package including After-

EffectsTM and Mettle SkyboxTM plugin were utilised to compile further the 360° 

videos, editing length, transitions between video clips and integrating didactic or 

educational narrated audio. The Mettle SkyboxTM software was utilised to import 

additional two-dimensional text, images and video content, further transforming 

these to be customarily visualised within the 360-degree viewing environment. 

 

2.14.3 Online Video Hosting 

The popular online video hosting site YouTubeTM (San Bruno, California) was 

chosen to cloud host any 360-degree videos published. This allows the 

streaming of 360-degree high-resolution videos to compatible Virtual Reality 

headsets and mobile devices that have inbuilt gyroscope components, or a 

human interface mechanism such as touch screens, a keyboard or mouse, to 

rotate the video perspective. We chose this host platform as it remains easily 

accessible and integrates with multiple devices with mostly unhindered 

experiences. Furthermore, at the time of development, it was one of the few 

platforms that delivered such video compatibilities.  

 

2.14.4 Unity & 3DS Max Software Packages 

Unity (Copenhagen, Netherlands) 3D engine is a software application that 

allows the compilation of three-dimensional objects, characters, scripts and 

audio in a 360-degree environment. It allows the scripting of game design, 

decisions and mechanisms all integrated into a user-friendly workplace. Any 

specific game scripting was conducted by project collaborators (Immersive VR 

education, Waterford, Ireland & FirepandaUK, Suffolk, England), with game 

design, content, and storyline directing by study authors. Furthermore, this 

software package allows the distribution of a given application to a wide variety 
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of platforms including virtual reality and mobile devices. Autodesk (Mill Valley, 

California) 3ds MaxTM is an additional software package that allows the custom 

design of 3D objects including mapping their materials and textures before 

importation to the Unity software described. This software was utilised by the 

collaborating developers to custom-make hospital-specific content, guided by 

study authors. 

 

 Statistical Analyses 

Statistical analyses were predominantly performed utilising IBM® SPSS® 

Statistics version 22.0-25.0 on Microsoft Windows 7.0 and 10.0. Normality of 

data was assessed utilising the Shapiro Wilk test, QQ normality plots, 

skewness/kurtosis and distribution histograms. Where the absence of normality 

was determined, non-parametric testing was utilised. Simple descriptive 

statistics, simple linear regression, Student's t-test, analysis of variance, 

Fischer’s Exact Test (± Freeman Halton extension), Wilcoxon rank sum test, 

Pearson's Method and Spearman’s Rank Correlation were applied where 

appropriate. A repeated measures analysis (linear mixed-effects model) was 

undertaken for longitudinal testing of multiple time points using SAS® Version 

9.3 (SAS Institute Inc, Cary, NC, USA) with the aid of statistician Patrick Dicker, 

acknowledged previously. In these events, participant characteristics (abilities, 

extracurricular activities, performances) were designated as fixed effects and 

the individual as a random effect. These matrices assumed independence of 

participants (i.i.d) and no corrections for multiple-testing were undertaken. An 

alpha value of the 5% level (two-tailed) was deemed statistically significant. The 

use of Comprehensive Meta-Analyses (CMA 3.0) for quantitative synthesis and 

the statistical methodologies associated are described in its related section. 
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 Introduction 

The optimum selection strategy of candidates to Graduate Medical Education 

(GME) poses a recurring challenge and source of debate. The reputation of 

surgical GME programs is founded not only the subjective impression of their 

graduates, but the objective rates of certification from licensing or board 

examinations (Bernstein, 2013; American Board of Surgery, 2017), and native 

program attrition rates. Some would view a trainee’s failure to complete and 

certify from their training as in-part, a failure of the program and the primary 

processes utilised to select such individuals.   

Despite the evolving surgical environment and new additional challenges to 

surgical trainees achieving competency, selection processes have not 

developed at the same rate. A comprehension of factors associated with 

success during surgical training may optimise selection strategies and further 

promote specialty certification rates and retention. These strategies are 

challenged annually in various matching processes to surgical programs 

worldwide or the North American, National Residency Match Process (NRMP), 

colloquially termed ‘the match’; A ‘race’ or ‘blind date’ of sorts between medical 

school graduates and program directors (Bernstein, 2016). Similar type 

selection strategies exist throughout developed countries to select ‘best fit’ 

candidates for surgical GME programs. These selection processes require 

significant financial investment with costs ranging from $45,000 to $148,000 per 

program per annum (Gardner et al., 2018).  

The majority of research evidence on these strategies has been focused in the 

United States (Schaverien, 2016). Despite the formation of the NRMP in North 

America since 1952, consensus on selection strategies across the nation is 

lacking (National Resident Matching Program, 2016; Taylor et al., 1995). While 

candidates submit through a universal application process, recording historical 

achievements of both objective and subjective nature, training programs weigh 

the importance of these achievements separately, according to local 

preference. The scarce conformity between the regional centres further 

emphasises the shortcomings of evidence, in what is intended as mostly 

objective proceedings (Al Khalili et al., 2014; Makdisi et al., 2011; Wagoner and 

Suriano, 1999). The reform of such screening and selection processes is 
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invariably scrutinised by medical educators internationally (Prober et al., 2016). 

Applications to general surgical GME programs are highly competitive and 

typically dominated by academically gifted candidates (Stain et al., 2013). 

Despite the rigorous selection process, both labour intensive and financially 

demanding (Fried, 2015; Brummond et al., 2013), outcomes of surgical GME 

programs are less than desirable. Cumulative attrition from general surgical 

GME programs is described at 19·5-20·8% in the United States (Yeo et al., 

2010; Yeo et al., 2018), and licensing examination failure rates of 20·1% (Jones 

et al., 2015). The Membership of the Royal College of Examinations (MRCS) 

parts A and B are hurdle licensing-type examinations mandatory for candidate 

progression in Great Britain and Ireland surgical GME programs. Research 

reveals first-time failure rates of 39% and 28% respectively in these summative 

examinations (Scrimgeour et al., 2018). Furthermore, we have described 

significant attrition from junior surgical training in an Irish context. The 

ramifications of attrition extend beyond training costs and program logistics, 

generating challenges to institutional and national workforce planning 

(Khoushhal et al., 2017; Andriole et al., 2008).  

Typical selection strategies incorporate both cognitive and non-cognitive 

components to gauge the overall capabilities of a candidate (Schaverien, 2016). 

Cognitive factors may include medical school GPA, USMLE scores or clerkship 

performances, typically objective, summative assessments in nature. The non-

cognitive attributes are routinely assessed during the interview process, such as 

communication skills, social and personality characteristics. Both of these 

domains are combined in an attempt to identify candidates best suited and most 

likely to succeed in the respective specialty and training program. Assessing the 

effectiveness of selection strategies worldwide is further limited by the lack of 

standardisation of both pre-training program measures and in-training 

performances which may be specialty specific. Furthermore, despite a 

profession that necessitates both technical and cognitive attributes, few centres 

appear to have incorporated technical skills assessments into selection 

strategies.  

In this study, we describe a systematic review and correlation meta-analysis to 

evaluate the long-term predictive validity of selection criteria at the time of the 
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interview, with future effective performance and attrition during surgical GME 

programs.  

 

 Objectives 

3.2.1 Hypothesis 

This study hypothesised that a multiplicity of academic and non-academic 

factors predicts future trainee performance during surgical training. We would 

further hypothesise that the predictive strength of such variables is inherently 

stronger between objective independent-outcome variable combinations than 

introducing a subjective component. Therefore, while not absolute, we 

anticipated that pretraining summative assessments would likely predict similar 

type summative examination outcomes during training and fellowship due to 

their often standardised nature. Due to the subjective and often unstandardized 

nature of formative type assessments, despite the possibility of validity and 

reliability evidence, we hypothesised that these variables would likely 

demonstrate fewer significances than their summative counterparts.  

By evaluating the predictive validity of a host of independent variables, this 

study may provide more substantial evidence for incorporation into selection 

strategies internationally. Through the adoption of a universal approach to this 

study, we aimed to maximise the generalisable nature to the results. We would 

postulate that in a well-conditioned work environment, robust selection 

strategies may optimise trainee proficiency, progression, and further reduce 

attrition rates. In reciprocation, we speculate that this could result in a more 

content trainee workforce and improve cost-effectiveness to the exchequer. 

However, the predictive nature of independent variables is further limited by a 

combination of environmental factors. Therefore, we advance on this premise 

acknowledging the aphorism (Rees, M) that “absence of evidence is not 

[necessarily] evidence of absence” (Cyclops People (NASA), 1971). 
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3.2.2 Detailed Objectives 

Objective 1. To quantify the predictive validity of selection factors at the 
time of program interview with future technical and non-technical in-
training performances.  

The primary aim of this study was to quantify the strength and significance of a 

variety of independent variables present at the time of the surgical interview, 

with objective and subjective performance data during training.  

 

Objective 2. To identify selection factors at the time of program interview 
that are significantly associated with future attrition during surgical GME 
training. 

We further aimed to identify candidate variables at the time of interview that 

may predict future attrition from a surgical training program or fellowship.  
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 Methods  

3.3.1 Search Strategy and Selection Criteria 

We systematically searched six independent electronic databases from the date 

of their inception to January 24, 2018, without restrictions to language or 

publication status. These databases included Excerpta Medica dataBASE 

(EMBASE), MEDLINE (Ovid), Web of Science Core Collection (with Conference 

Proceedings Citation Index (CPCI)), CINAHL Plus, PsycINFO, Educational 

Resources Information Centre (ERIC) and were supplemented with the 

interrogation of trial registers and grey literature archives (appendix B). 

Relevant literature in the form of dissertations and theses were evaluated via 

Open Access Theses and Dissertations (OATD) and ProQuest Dissertations & 

Theses (PQDT). The references of all included research and reviews were 

hand-searched in a reverse citation method, adopting a snowballing approach 

for pertinent references. Experts in the field and study collaborators were 

contacted for any additional studies. This study was conducted according to the 

Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 

and adheres to AMSTAR 2 guidelines.   

This review aimed to identify pre-training factors available at the time of 

applicant interview that predicts future technical and non-technical performance 

during surgical training and fellowship. Search strategies (appendix B) were 

constructed with the assistance of library faculty using a combination of 

keywords, synonyms, truncation and search methodologies including ‘Emtree’, 

‘MeSH’ and hierarchal structures where applicable. The surgical population 

were defined as per the American College of Surgeons (ACS) as one of the 

fourteen surgical specialities or sub-specialties including Obstetrics and 

Gynecology, Gynecologic Oncology and Ophthalmology. Articles were included 

of both observational and controlled nature providing they were of longitudinal 

character. To also be included in this review, a study must be relevant to typical 

selection committees by (1) evaluating applicants to surgical training and/or 

fellowship (2) include objective and/or subjective performance outcomes during 

the training/fellowship (3) provide (or upon request) a comparative analysis 

between selection factors and outcome measures. Any measurable selection 

(exposure) factors that could conceivably be utilised by committees were 
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considered in this review including subjective and objective undergraduate 

medical performances, awards, Grade Point Average (GPA), United States 

Medical Licensing Examinations (USMLE)/ National Board of Medical 

Examiners (NBME) Step I & 2, research publications and honours, Medical 

College Admission Test (MCAT) and alike, academic degrees and 

extracurricular activities, interview score/ranking, clerkship grade, 

professionalism or probationary status, Letters of Recommendation, mental 

ability and situational judgement tests. To maintain social validity standards, we 

did not consider age, ethnicity or sex/gender for review. Where a full text was 

unavailable from authors upon request, we excluded abstracts and letters to the 

editors, as well as editorials, commentaries and discussions.  

Independent screening and data extraction (using modified Joanna Briggs 

Institute Forms) were performed in duplicate. Disagreements between authors 

were resolved through consensus with a third author. Data relating to trainee 

population, demographics, study attributes, sample attrition rates and funding 

sources were extracted from each article. Additional information regarding 

eligibility, methodology and data clarity was obtained from relevant study 

authors, where necessary.  

The full protocol of this review is available upon request and registered with 

PROSPERO, number CRD42018078789. This study was granted exemption by 

the Institutional Review Board (IRB). 

 

3.3.2 Study Quality Assessments 

Study quality and risk of bias were assessed in duplicate utilising the Newcastle 

Ottawa scale for cohort and case-controlled trials and the Cochrane Risk of 

Bias Tool (RoB 2.0) for any randomised trials where available. Due to the 

retrospective nature of many of the included studies, a modified approach to the 

Newcastle Ottawa scale was adopted from previously outlined literature 

(Chopra et al., 2013). 
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3.3.3 Outcomes 

The primary outcomes were in-training performance measures that transpire 

through a variety of forms. These include summative, objective In-Training 

Examinations (ITE) such as American Board of Surgery In-Training Examination 

(ABSITE), Orthopaedic In-Training Examination (OITE), Council on Resident 

Education in Obstetrics and Gynaecology (CREOG), Ophthalmic Knowledge 

Assessment Program (OKAP). Furthermore, formative assessments or In-

Training Examination Reports (ITER) were evaluated including faculty 

assessments of competencies such as the ACGME, for both technical and non-

technical skills. In Great Britain and Ireland, these may manifest as Mini Clinical 

Evaluation Exercises (Mini-CEX), Procedure Based Assessments (PBAs) or 

DOPS, Supervised Structured Assessment of Operative Performance (SSAOP) 

or trainer reports. Licensing examination achievement or scores were evaluated 

as a dependent variable, factors such as the Membership of the Royal College 

of Surgeons (MRCS), Fellowship of the Royal College of Surgeons (FRCS), 

American Board examinations such as ABOS, ABSQE and ABSCE. Additional 

outcomes were also evaluated including the non-desirable outcomes of attrition 

from GME training and problematic status. These variables must be specified 

as of an in-training (training program, residency, fellowship) nature where 

relevant to be eligible for inclusion and generally one year or more into the 

programme. This strategy may exclude studies analysing time or career-

dependent variables such as research publications or state disciplinary action 

outcomes.  

 

3.3.4 Data Analysis 

Study measures were converted to correlative data where possible to facilitate 

pooling on a standard scale. This included the conversion of t-test data, 

categorical chi-squared and odds ratios utilising established formulae (Appendix 

C). As a significant portion of data was in continuous-continuous correlation 

format rather than biserial scale, we could not logically convert this to a 

standard mean difference such as Cohen’s D or Hedge’s g which may have 

permitted alternative studies in quantitative synthesis. Additional data 

clarification from relevant study authors was sought where necessary and the 
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retrieval of raw de-identified datasets where permissible to retrieve correlative 

measures. Data between studies were pooled when three or more studies 

examined the same independent-dependent variable combinations. Where 

overlapping population data was present between studies in a given 

independent-dependent combination, the largest sample size statistic was 

retained. In the occurrence of dependent results at multiple time points, the 

most longitudinal result was extracted or the mean value across the years, if the 

alternative was a single early-year value.  Comprehensive Meta-Analysis (CMA) 

3.0 was utilised to pool study correlative data via Fisher’s z transformation and 

utilising a random-effects HKSJ model. The weighting of included studies was 

calculated and incorporated in CMA. Heterogeneity was assessed utilising the 

I2, Tau2 and Q statistics. Funnel plots were presented to assess symmetry and 

publication bias. A p-value of <0.05 was deemed statistically significant. 

Heterogeneity was investigated where necessary, and four or more studies 

were present for the same independent-dependent variable combinations. This 

was conducted utilising a ‘one-study removed’ methodology to determine the 

impact on alterations of pooled effect sizes. 
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 Results  

18,644 unique records were screened in duplicate with κ value 0·60 (98·91% 

agreement). 18384 records were excluded based on their title/abstract resulting 

in 260 unique records (figure 3.1). These full texts were interrogated and data-

extracted in duplicate, with an assessment of eligibility, κ value 0·81 (91·54% 

agreement) based on inclusion criteria. 90 and 63 records were eligible for 

qualitative and quantitative synthesis respectively.  

 

Figure 3. 1: Flow Chart 

We excluded 170 studies by full text (figure 3.1), due to data replication, absent 

dependent or independent variables, lack of full texts or mixed non-specific 
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populations. Furthermore, 27 studies restricted the synthesis of contents due to 

data structures and were exempt from meta-regression. This resulted in 63 

publications of 12,053 participants conducted between 1968-2016, detailing 

10,994 surgeons, 457 OB-GYN and 602 ophthalmologists (study references 

available in appendix B) in quantitative synthesis. The median sample size from 

meta-regression studies was 67 participants (range 20 – 2654), and settings 

were USA (96.8%), Canada (1.6%) and Middle East (1.6). Over these 63 

studies, 15 selection criteria and six outcome measures permitted synthesis, 

resulting in 28 unique independent-dependent combinations. These selection 

strategies included: Medical GPA, USMLE/NBME exams, Research 

Publications, Medical School reputation, Clerkship performance and Interview 

Rank. Outcome measures were: Licensing Exams, In-Training Examinations 

and Reports, Research Publications, Awards and Attrition. 9.7% of the studies 

stated funding from sources including research grants, foundation supports and 

commercial enterprises.  

Regarding study quality and risk of bias assessment of meta-regression studies 

(Appendix B), 30 (47.6%) studies were rated high quality, 32 (50.8%) studies 

rated low quality and one study suggested evidence of high intrinsic bias (Table 

3.1). Due to the nature of the study types, reasons for loss of quality were 

predominantly in the categories of ‘ascertainment of exposure’ and 

‘ascertainment of outcome’ within the selection and outcome domains. 

 

Table 3. 1: Risk of Bias Assessment Domains 

 Newcastle Ottawa Scale Cochrane* Total 
Bias present Selection Comparability Outcome Intrinsic Bias  
Yes  36 3 26 1 - 

No** 26 59 36 0 - 

Total 62 62 62 1 63 
*Risk of Bias 2.0 tool for Randomised controlled trials 

**Includes ‘not applicable’ 
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Tables 3.2-3.5 present the assimilation of the 63 studies included in the 

quantitative synthesis. Each predictor-outcome strategy synthesised is 

presented by a corresponding plot (appendix B). 

 

3.4.1 Objective Independent – Objective Dependent Variable 
Combinations 

Table 3. 2: Objective Predictor-Objective Outcome Variable Syntheses 

Predictive 
Variable 

Performance 
Outcome 

No. of 
Studies 

No. of 
Participants 

Correlation  
r (95% CI) 

p-value I2 (%) Study 
References 

USMLE/ 
NBME 1 

ITE 30 1661 0.424 

(0.374-0.471) 

1e-9 18.9 65a, 16a, 52a, 72a, 40a, 
28a, 62a, 10a, 7a, 64a, 
68a, 71a, 5a, 42a, 48a, 
26a, 13a, 70a, 82a, 20a, 
41a, 11a, 86a, 2a, 87a, 
33a, 32a, 63a, 74a, 83a 

USMLE/ 
NBME 1 

Licensing 15 5907 0.446  

(0.341-0.540) 

1e-9 93.4 61a, 62a, 19a, 41a, 48a, 
45a, 39a, 15a, 80a, 26a, 
25a, 14a, 85a, 55a, 11a 

USMLE/ 
NBME 2 

ITE 17 731 0.430 

(0.345-0.508) 

1e-9 36.7 65a, 52a, 72a, 28a, 62a, 
2a, 26a, 71a, 88a, 33a, 
63a, 69a, 7a, 75a, 73a, 
10a, 83a 

USMLE/ 
NBME 2 

Licensing 6 4861 0.484  

(0.328-0.614) 

3e-8 96.6 61a, 15a, 80a, 62a, 14a, 
26a 

AOA ITE 5 294 0.338  

(0.227-0.442) 

1e-8 7.2 62a, 13a, 87a, 27a, 52a 

Clerkship Attrition 3 521 -0.010  

(-0.108-0.087) 

0.834 12.6 6a, 52a, 91a,  

Clerkship ITE 5 304 0.311  

(0.203-0.411) 

4e-8 0.0 21a, 52a, 27a, 62a, 87a 

Rank  

(unadj.) 

ITE 4 176 0.220  

(0.070-0.360) 

0.004 0.0 32a, 11a, 59a, 31a 

Research  

Pub. 

ITE 4 137 -0.024  

(-0.197-0.150) 

0.789 0.0 11a, 13a, 16a, 62a 

Research 
Pub. (MS) 

Research Pub. 

(Intraining) 

3 582 0.422  

(0.323-0.513) 

1e-9 35.8 30a, 46a, 16a 

USMLE=United Stated Medical Licensing Examination, NBME=National Board of Medical Examiners, ITE=In Training Examination, 
Licensing=Training/Fellowship Licensing Examination, AOA=Alpha Omega Alpha Honour Society Status, Rank (unadj.)= Unadjusted 
Interview Rank. Research Pub.= Research Publications, MS= Medical School 

 

The standardised USMLE step 1 examination or it's predecessor NBME Part I, 

demonstrated significant associations with In-Training Examinations (ITE) and 
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Licensing exams in quantitative synthesis (r=0.417-0.446, p=1e-9). Research 

has demonstrated higher OITE in those with USMLE Step 1 scores >220 but no 

advantage for licensing or ITER (Crawford et al., 2010). Another study (De 

Virgilio et al., 2010), quote a USMLE Step 1 score of >200 as a positive 

predictor of ITE scores, and is further supported by other evidence (Kim et al., 

2015), revealing a positive point differential of 0.1-0.3 per 1 point increase for 

these exams. In addition, Sutton describes significantly higher first-time pass 

rates with licensing examinations if USMLE 1 scores were above the national 

average (Sutton et al., 2014). On the contrary, however, some studies in the 

review suggest a lack of predictive validity for USMLE (Bent et al., 2011).  An 

extensive national study of surgeons in North America demonstrated significant 

predictors from USMLE 1 and 2 scores with being ‘board certified’ in a surgical 

specialty (Andriole and Jeffe, 2012). Furthermore, the USMLE examinations 

have demonstrated correlations with score performances within the licensing 

examinations (Klein et al., 2004). Other studies demonstrate only validity for 

USMLE Step 2 (Maker et al., 2012), or that Step 2 was of higher validity than 

USMLE Step 1 (Silber and Veloski, 2005).  

NBME examinations, predecessors to the USMLE tests, were examined in 

conjunction with medical school GPA, and it was determined these were 

significantly higher in those board certified in surgery (Xu et al., 1998).  

Conflicting research (Dirschl et al., 2002), however, could determine no 

significant predictors of board performance in their orthopaedic population, and 

a subsequent study (Dirschl et al., 2006), could determine no significant board 

exam variations between trainees matched on their academic performance vs 

those accepted based on non-academic factors. In a similar guise, Guo 

determined significant academic variations on entering GME training between 

integrated and independent plastic surgical trainees, but no significant variation 

in training performance determined in the future between the groups (Guo et al., 

2008). Our quantitative synthesis demonstrated a significant correlation 

between research publications before and during training (r=0.422, p=1e-9) but 

absent correlations with other factors. 

Regarding attrition, performance in the clinical clerkships demonstrated no 

significance with the likelihood of completing a surgical GME program (r=-0.010, 

p=0.834). Interestingly, it has been previously demonstrated that those with 
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some of the highest rankings at interview were significantly more likely to ‘drop 

out’ of the program (Farley and Cook, 2001). Other research describes 

significantly higher academic performances in their recent group’s attrition than 

those that remained in general surgery (Wolfson et al., 1991). Kron however, 

provided conflicting evidence (Kron et al., 1985), predicting a 89% success in 

training completion from the variables of AOA status, class rank, clinical 

honours and research publications during medical school. Geissler furthermore, 

demonstrated that those ranking in the highest echelon at interview 

demonstrated significantly improved in training examinations, competencies and 

licensing examination performances (Geissler et al., 2013). 

In further respect to attrition, one study (Kelz et al., 2010), demonstrated no 

association between USMLE Step 1 and attrition, and another lacked 

significance for those graduating from a top-10 ranked medical school (Lynch et 

al., 2014). Analyses of similar medical school ranking and pre-training 

publications determined no significant difference in these factors between high 

and low performers in training (Spitzer et al., 2009). Significant variations in 

passing licensing exams were determined between graduates from varying 

medical schools in the United Kingdom and future MRCOG examination 

performance (Rushd et al., 2012). 

 

3.4.2 Objective Independent – Subjective Dependent Variable 
Combinations 

Objective, independent variables continued to demonstrate positive but low 

strength correlations with subjective outcomes (ITER), including USMLE/NBME 

Step 1, AOA and unadjusted interview rank. Significant correlations between 

USMLE 1 and ACGME (ITER) competencies have been illustrated (Tabuenca 

et al., 2007), with similar results including correlation with Medical GPA 

described elsewhere (Naylor et al., 2008). However, Tolan determined minimal 

significance for USMLE 1 but strength for independent variables such as AOA 

and clerkship honours (Tolan et al., 2010). 
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Table 3. 3: Objective Predictor-Subjective Outcome Variable Syntheses 

Predictive 
Variable 

Performance 
Outcome 

No. of 
Studies 

No. of 
Participants 

Correlation  
r (95% CI) 

p-value I2 (%) Study 
References 

USMLE/ 
NBME 1 

ITER 15 837 0.130  

(0.041-0.217) 

0.004 30.4 67a, 52a, 21a, 27a, 
20a, 17a, 62a, 19a, 4a, 
83a, 32a, 75a, 33a, 
78a, 84a 

USMLE 1 Award 4 264 -0.009  

(-0.263-0.246) 

0.945 76.3 50a, 84a, 86a, 33a,   

AOA ITER 6 320 0.365  

(0.202-0.508) 

2.4e-5 59.2 52a, 17a, 27a, 57a, 
83a, 62a 

Clerkship ITER 6 272 0.118  

(-0.023-0.255) 

0.102 24.0 57a, 52a, 62a, 17a, 
75a, 21a 

Ext. Local ITER 3 157 0.090  

(-0.070-0.246) 

0.271 0.0 17a, 83a, 62a 

Medical  

GPA 

ITER 3 186 0.205  

(0.009-0.386) 

0.041 43.0 34a, 4a, 83a 

MS. Rep ITER 3 133 -0.023  

(-0.581-0.550) 

0.944 92.4 83a, 20a, 17a 

Pre- 

clerkship 

ITER 3 132 0.335  

(0.141-0.505) 

0.001 25.6 75a, 83a, 36a 

Rank  

(unadj.) 

ITER 3 259 0.182  

(0.056-0.302) 

0.005 2.7 59a, 31a, 32a 

Research  

Pub 

ITER 3 142 -0.304  

(-0.798-0.435) 

0.430 95.0 83a, 75a, 62a 

USMLE/ 

NBME 2 

ITER 7 429 0.044  

(-0.080-0.167) 

0.490 43.7 67a, 34a, 52a, 62a, 
33a, 83a, 4a 

MS=Medical School, USMLE=United Stated Medical Licensing Examination, NBME=National Board of Medical Examiners, 
ITER=In Training Examination Report, Ext. Local= Externship at Local Institute, AOA=Alpha Omega Alpha Honour Society 
Status, MS. Rep=Medical School Reputation, Rank (unadj.)= Unadjusted Interview Rank. Research Pub.=Research 
Publications 

 

Honours in the surgical- specific clerkship were determined to be a significant 

factor for ITER competencies (Calhoun et al., 1997). Grewal determined that 

their top performing trainees in a urology GME had significantly higher match 

rank and letters of recommendation (Grewal et al., 2013). Regarding the 

reference letters, Stohl determined significantly higher In Training Evaluations 

for those with higher comments on competency domains such as patient care, 

medical knowledge and communication skills (Stohl et al., 2011). 
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3.4.3 Subjective Independent- Objective Dependent Variable 
Combinations 

Table 3. 4: Subjective Predictor-Objective Outcome Variable Syntheses 

Predictive 
Variable 

Performance 
Outcome 

No. of 
Studies 

No. of 
Participants 

Correlation  
r (95% CI) 

p-
value 

I2 (%) Study 
References 

Interview 
Score 

ITE 3 227 0.124  

(-0.103-0.338) 

0.28
4 

46.8 20a, 11a, 1a 

Interview 
Score 

Licensing 3 254 -0.193  

(-0.632-0.341) 

0.48
8 

92.8 68a, 11a, 1a 

NRMP  

Rank 

ITE 6 280 0.031  

(-0.178-0.237) 

0.77
4 

64.1 11a, 16a, 8a, 
31a, 32a, 84a 

NRMP  

Rank 

Licensing 3 134 -0.372  

(-0.836-0.402) 

0.34
8 

95.1 11a, 68a, 84a 

ITE=In Training Examination, Licensing=Residency/Fellowship Licensing Examination, NRMP 
Rank= National Residency Matching Program Rank (Consensus, adjusted) 

 

While a low number of studies facilitated pooling regarding subjective 

independent variables, few of these demonstrated significant predictive validity. 

Interestingly the strength of unadjusted rank for the predictive validity of training 

performances demonstrated stronger correlation than NRMP rank, indicating 

that introducing a ‘consensus’ adjustment to these figures may weaken validity.  

Two studies (Bergen et al., 2000; Naylor et al., 2008), evaluated factors 

associated with high-risk individuals or those with an unsatisfactory outcome. 

Bergen discovered no significant difference in AOA status, publications, or 

extracurricular activities between trainees that encountered difficulty in training 

or not (Bergen et al., 2000). However, Naylor determined the significant positive 

influence of team sports, dean’s letter comments and academic history in the 

completion of training and passing board examinations on the first attempt 

(Naylor et al., 2008). 
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3.4.4 Subjective Independent- Subjective Dependent Variable 
Combinations 

Table 3. 5: Subjective Predictor-Subjective Outcome Variable Syntheses 

Predictive 
Variable 

Performance 
Outcome 

No. of 
Studies 

No. of 
Participants 

Correlation  
r (95% CI) 

p-
value 

I2 (%) Study 
References 

Interview 
Score 

ITER 5 353 0.099  

(-0.042-0.236) 

0.16
8 

32.8 20a, 83a, 77a, 
59a, 17a 

NRMP  

Rank 

ITER 9 379 0.172  

(0.021-0.317) 

0.02
6 

50.0 11a, 83a, 32a, 7a, 
31a, 60a, 18a, 
84a, 58a 

RL ITER 3 276 0.132  

(0.013-0.248) 

0.03
0 

0.0 83a, 59a, 17a 

ITER=In Training Evaluation Reports, NRMP Rank= National Residency Matching Program Rank 
(Consensus, adjusted), RL=Reference Letters 

 

Reference letters and NRMP (consensus) rank, while demonstrating significant 

predictive validity, the strengths of such correlations were negligible.  

Few studies evaluated the predictive validity of technical skills at the time of 

interview. Moore determined the significant predictive validity of a microvascular 

technical skills assessment at the interview with future in-training performance 

in otolaryngology (Moore et al., 2015). Staying with the otolaryngology specialty, 

Tang determined no significant in a soap-carving exercise at the time of the 

interview, with future performances (Tang et al., 2014). No longitudinal study 

was found for associating pre-programme visuospatial or psychomotor aptitude 

with future surgical in-training performances.  

Regarding medical school education, graduates from graded rather than 

pass/fail curricula performed significantly higher during training (Moss et al., 

1978). 
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 Discussion 

This study aimed to assess selection factors for evidence of predictive validity 

through a thorough review of the existing literature. This extensive systematic 

review and meta-analysis assessed worldwide literature through both database 

and grey literature archives. Conducted via a comprehensive search strategy 

this research satisfied the primary aim outlined, by identifying a number of 

independent variables that predict future trainee performances.  

Similar to other studies (Maker et al., 2012; Silber and Veloski, 2005), this meta-

analysis determined USMLE/NBME step 2 to retain the highest predictive 

validity and effect size out of any independent variable including its preceding 

examination USMLE step 1 (ITE, r=0.484 CI (0.328-0.614)). This would make 

logical sense considering that Step 2 is a clinical knowledge-based examination 

while Step 1 is predominantly focused on the basic sciences. This would conflict 

with current strategies described in which the USMLE Step 1 holds greater 

emphasis (Wagoner and Suriano, 1999). Previous research has identified 

significant screening strategies adopted by training programs for surgical 

applications, often with the United States Medical Licensing Examinations one 

of the major contributors (Makdisi et al., 2011). This often provokes significant 

debate with many advocating for less academically stringent criteria and a more 

holistic approach (Bernstein, 2016; Bowe et al., 2017). However, this 

quantitative synthesis demonstrates multiple significant positive correlations for 

USMLE/NBME Step 1 and 2 with objective In-Training Examinations (ITE) or 

Licensing examinations, of mild to moderate strength (r=0.424-0.484, r=3e-8). It 

may provide credence for USMLE Step 1 examinations as was previously 

described in a general medical population (Kenny et al., 2013).  However, these 

factors held mostly insignificant or negligible strength correlations with In-

Training Evaluation Reports, potentially due to lack of standardisation amongst 

these outcome measures and potential variances between surgical specialties. 

Similar deductions are described on a small review of the same population 

recently published (Zuckerman et al., 2018).  One may also surmise that the 

USMLE examinations may not be a universal predictor of surgical trainee 

performances, but rather indicate a subset of competencies including medical 

knowledge and summative ‘test-taking’ performance. Classically, licensing and 

In-Training Examinations are knowledge-based summative assessments while 
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In-Training Evaluation Reports may assess a variety of non-cognitive domains 

or other competencies including communication, teaching, professionalism and 

technical skills. 

Other academic factors including AOA membership and pre-clerkship 

performances were the sole objective variables that predicted a significant mild 

correlation with In-Training Examination Reports (ITER). Once a subjective 

component was introduced such as reference letters, interview score or 

consensus rank, the predictive strength of such variables became mostly 

negligible. As previously described, the lack of standardisation or feasibility of 

scoring certain variables such as reference letters may contribute to the lack of 

validity determined. 

Despite a lack of Level 1 or 2 evidence trials in the literature likely due to ethical 

considerations, program directors appear to hold the USMLE examinations and 

academic measure in high regard for use in selection strategies to surgical 

programs (Wagoner and Suriano, 1999).  In North America, the top prioritised 

selection factor amongst general surgery program directors  was USMLE Step 1 

followed by Step 2 (Makdisi et al., 2011), while Neurosurgery program directors 

hold high regard for the interview process followed by USMLE step 1 and 

reference letters (Al Khalili et al., 2014). Defining success in surgical training 

may go beyond the academic measures, in-training and licensing examinations 

and extend to other factors such as awards, interpersonal skills and teamwork, 

domains which are often difficult to measure and standardise. Arriving at a 

similar conclusion to Berner in 1993, this study would propose that academic 

factors remain integral to selection criteria, but as their predictive validity is 

moderate at best, further non-academic factors are retained in the process 

(Berner et al., 1993). This is further emphasised by a review (McGaghie et al., 

2011), which demonstrated no significant correlations between the academic 

measures of USMLE tests and future in training procedural skills. Furthermore, 

a review (Maan et al., 2012), describes the predictive characteristics of 

academic factors with GME completion and end of training examinations 

(licensing exams) but no association with clinical performance during the 

training. However, Gardner suggests the majority of surgical trainee remediation 

is non-technical in nature (Gardner et al., 2018), further emphasising the 
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necessity for selection interview, personality and communication skills’ 

assessments.  

Surprisingly, there was a dearth of evidence evaluating individual pre-training 

performance variables with future attrition from surgical GME programs despite 

the worldwide incidence. Classically research in this area is focused on 

demographics or socioeconomic factors (Yeo et al., 2010; Yeo et al., 2017). 

Clerkship performances demonstrated no significant correlation or effect with 

attrition, and we could not feasibly synthesise other independent variables to 

evaluate this outcome. Furthermore, we could not identify a single research 

study in our inclusion that evaluated (a) pre-training psychomotor or visuospatial 

aptitudes or (b) pre-training Situational Judgement Tests (SJT) with future 

surgical trainee performances. While visuospatial and psychomotor aptitudes 

have previously been piloted in limited centres for surgical selection (Tansley et 

al., 2007), this review was unable to identify centres that currently utilise such 

measures other than as described in an Irish context. 

 

3.5.1 Limitations 

There are several limitations that must be appreciated in the interpretation of 

this study’s results. Research evidence was mainly of North American origins, 

and the global translation of independent variables such as the USMLE 

measure may not be possible. Evaluation of participant characteristics was also 

not feasible as the majority of studies did not present such variables as gender 

distribution (Appendix B). 

The quality and level of evidence of some included studies may also pose an 

inherent source of bias. The majority of the included studies were retrospective 

and observational in character due to the nature of this research. The type of 

these studies and the principal research question at large resulted in the 

approximate division of included studies between high and low quality. Due to 

the character of this research subject, it inherently minimised the potential use 

of level 2 evidence or randomised controlled trials to contribute to evidence.  

The heterogeneity of studies in pooling subgroups was also variable and could 

be considerable depending on a given variable combination. Causes of such 
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heterogeneity could be dependent on trainee specific factors, speciality type, 

teaching quality of a given training program or the lack of standardised training 

outcomes other than licensing or examination factors. Significant heterogeneity 

between studies was also apparent depending on the given independent-

dependent variable combination, and the sample sizes of included studies were 

often inconsistent. Due to the frequently small sample sizes, Fisher's z 

transformation was utilised to normalise results. However, this methodology is 

not without flaws but is suggested to be a less biased method particularly 

regarding small sample sizes (Silver and Dunlap, 1987). Furthermore, zero 

order heterogeneity was determined for some subgroup syntheses, which can 

be common with pooling of a limited number of small studies. While high 

heterogeneity should not be ignored where possible, a zero-order heterogeneity 

may also underrepresent underlying variances in the data (Kontopantelis et al., 

2013). Quantitative synthesis also required the transformation of effect sizes to 

a correlative scale where possible to facilitate pooling. These transformations, 

while based on described methodology, can also be intrinsically flawed without 

the raw source data, due to assumptions on data characteristics and normality. 

One may suggest that a meta-analysis is limited by the quality of the data it is 

founded on. To this end, we requested de-identified datasets (participant level) 

from the authors of every included study. However, these datasets were often 

inaccessible or unavailable due to restrictions in data governance or significant 

time periods since study conduct.  

The authors were surprised at the lack of worldwide literature on this topic, with 

research mainly of North American origins. While the search strategy terms and 

architecture were designed to encompass evidence from most regions, this may 

have been an underlying factor or could represent the reality that the vast 

majority of research is from this region. As the most significant single region in 

the developed world for surgical training, the US matching process  would 

innately have a predominant research backing, and its volume in our study may 

make logical sense. 
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3.5.2 Conclusion 

While classically objective and summative academic factors retained the 

highest predictive value for future surgical In training examinations and 

evaluations, the strength of these effect sizes was mild-moderate at best, and 

this study would not advocate for their application in isolation for selecting 

candidates to surgical training programmes. Future, multicentre longitudinal 

observational trials are required, utilising standardised pre-training and in-

training measures, before valid conclusions can be made. These must include 

cognitive skills, psychomotor aptitude and interpersonal skills. 
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 Introduction 

As previously described, surgical training has experienced significant changes 

in the last decade due to a number of external factors worldwide. ‘To Err is 

Human’, a publication at the apex of this change, demonstrated inconceivable 

rates of adverse patient events and set in motion the foundations for simulation 

in surgery (Institute of Medicine Committee on Quality of Health Care in 

America, 2000).  In addition, the European Working Time Directive (EWTD) was 

transcribed into Irish Law in July 2004, limiting workers to a maximum of 48 

hours per week (An Roinn Sláinte, 2014)  . These working-time restrictions were 

slow to be adopted by the Irish healthcare workforce, and their implementation 

in surgical disciplines in essence only commenced to any degree in 2013. In 

Chapter 1, these dynamics were calculated to theoretically reduce the volume 

of surgical trainee’s workplace-experience by 50 per cent, until consultancy.  

Anecdotally and through evidence illustrated previously, manual experience or 

deliberate practice is generally accepted as a significant component in 

achieving surgical competence (Halm et al., 2002; Ericsson, 2000). Concerns 

have been expressed regarding the EWTD and its limiting factor in surgical 

trainee’s operative exposure (Fitzgerald and Caesar, 2012). Specific expert 

groups, in response to these global trepidations, have highlighted the 

importance of meaningful workplace learning and that trainees and trainers 

must embrace every learning opportunity (Temple, 2010; Greenaway, 2013). 

With limited working hours for trainee operative exposure and a requirement to 

achieve a minimum acceptable volume in selected cases, there may be ongoing 

competition amongst trainees for surgical procedures and participation. In a 

highly competitive and intense workplace environment, trainee operative 

experiences may be affected by a number of internal and external factors. 

The structure of Irish surgical Graduate Medical Education (GME) training has 

undergone significant architectural changes since 2013. This has been 

accompanied by a competitive selection process and an increased focus on the 

monitoring of competencies. These fundamental changes to surgical GME are 

now accompanied by a competency-based progression system with priority 

placed on multidimensional aspects, which include operative exposures. 

Historically, while operative exposure was a factor in trainee progression, 
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further priority was placed on research activity.  This competency-based 

progression now introduces a significant competitive dynamic to new trainees 

as each vies for a restricted number of positions in the third year, coinciding 

with the commencement of specialty training.  

Despite this highly competitive environment from the commencement of GME 

training, and its associated competitive progression, it remains to be described 

if any of these competitive dynamics incite performance. The motivational 

aspects of goal theory have been described in Chapter 1 for both 

undergraduate and postgraduate education. However, a minimal description of 

its impact on surgical GME exists. Competition may improve attention during 

physical tasks but can result in adverse outcomes such as poor memory 

performances (DiMenichi and Tricomi, 2015). There is a widespread belief that 

competition may promote undergraduate medical education in a number of 

areas (Jiang et al., 2016). Competition amongst undergraduates has 

demonstrated significant academic and e-learning improvements (Van Nuland 

et al., 2015; Worm and Buch, 2014; Scales et al., 2016).  

One form of indirect measure of workplace learning opportunities could be 

obtained through the interpretation of surgical logbooks. Electronic Surgical 

Logbooks were introduced in the Republic of Ireland in 2007 for all surgeons in 

the form of the ‘elogbook’  (www.elogbook.org, RCSEd). Similar electronic 

logbooks have been established globally to facilitate analysis with other records 

(Brouwer and Kiroff, 2002). Due to the mass variability in operative complexities 

and level of trainee participation, current electronic logbooks share significant 

limitations in their analysis capabilities. Interpretation of these case logs without 

quantitative measures remains challenging, particularly in periods of trainee 

appraisal. Despite an obligation in many countries, surgical logbooks are 

underreported and incomplete in over 20% of cases and may be inadequate for 

accurate auditing (Veldenz et al., 2001).  

Surgical logbooks are perceived as a surrogate marker of quality of surgical 

training in Britain. The majority of surveyed responses amongst surgeons for 

assessing training quality involved the logbook (Singh et al., 2014). Multiple 

benefits of a well-structured logbook have been identified including: the 

recognition of a ‘marginal trainee’ with reduced operative exposure, the 
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evaluation of a surgical training post or hospital to provide appropriate surgical 

opportunities, and furthermore to identify the increasing trainee operative 

involvement as their understanding and skills evolve over time (Beasley et al., 

2011). 

The importance of surgical experience has been emphasised in the literature 

(Maruthappu et al., 2015). Patient outcomes have been significantly correlated 

with surgeon operative volume across multiple specialities (Dimick et al., 2002; 

Moore and Bennett, 1995; Schrag et al., 2002). Within the overburdened public 

health services in Ireland, it remains challenging to justify the increased 

procedural duration and therefore costs associated with surgeons less 

experienced or in training (Moore and Bennett, 1995; Babineau et al., 2004). 

Considering recent procedural advancements including robotic and endoluminal 

approaches, the added complexity and challenges to trainees’ learning may 

become overwhelming. 

With a multiplicity of challenges that may compromise trainees’ learning, 

innovative methods are essential to monitor and advance surgical training 

quality and competencies. These include additional functionalities to encourage 

or incentivise trainees to adequately complete their electronic logbooks, such as 

the introduction of a competitive dynamic or scoring system this research 

proposes. Furthermore, if such strategies could stimulate trainees, trainers and 

training institutes to maximise learning opportunities in the workplace, it may 

inevitably drive up standards.  
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 Objectives 

4.2.1 Hypothesis 

We hypothesised that the introduction of a competitive scoring system to 

trainees’ operative logbooks would cause a definite and measurable impact on 

behaviours. By evaluating this rivalrous dynamic, we aimed to measure the 

impact this entity had on operative recorded numbers pre and post-intervention. 

These hypothetically more complete records may provide succinct databases 

for representing workplace opportunities. 

The present study aimed to assess if the scoring system could identify 

individuals who may have substandard operative exposure and consequently, 

may not develop technical competency at the desired rate. This, in turn, may 

provide benchmark numbers for future monitoring of surgical trainees.  

The primary aim of this study was to assess the impact of a scoring feedback 

system on trainees’ behavioural recording. By assessing the significance of the 

system, it may justify future use for all surgical trainees and provide a system of 

highlighting the ‘marginal trainee’ who may require additional support or 

encouragement at an early stage. The secondary goals were multiple. Firstly, to 

identify individual and external factors responsible for variability in operative 

exposure and secondarily, to assess trainees’ operative volumes for surrogate 

markers of technical competence.  
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4.2.2 Detailed Objectives 

Objective 1. To assess the impact of a competitive feedback scoring 
system on the recording behaviours of surgical records. 

We aimed to quantify the significance of a rivalrous scoring system on trainees’ 

recorded numbers compared to historical data, via a pre and post-intervention 

analysis.  

 

Objective 2. To identify significant factors associated with the level of 
operative exposure. 

Within this same trainee cohort, we aimed to identify if individual or external 

factors such as speciality and training institute were associated with significant 

variation in operative opportunities amongst trainees. 

 

Objective 3. To determine if operative exposure is a significant factor in 
the development of technical competency.  

We aimed to evaluate if operative exposure is a factor in the development of 

technical skills development. This, in reciprocation, may highlight the 

importance of ensuring adequate trainee operative opportunities amongst 

trainers, training hospitals and surgical disciplines.  
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 Materials and Methods 

4.3.1 Participants 

Participants, as defined in chapter two, were provided with access to the 

scoring and feedback system, to view at their discretion.  

All new surgical trainees commencing in July 2013 and July 2014 were 

automatically provided with the logbook scoring system in addition to the 

‘elogbook’ database provided to historical trainees. These study participants 

were all commencing the two-year Core Surgical Training (CST) in the Republic 

of Ireland from the dates above.  

First-year surgical trainees were selected to maximise the effective duration 

period over the two years. Therefore, any trainee that deferred or withdrew from 

the training programme (two-year) was excluded from analysis. A pre and post-

intervention analysis was performed between this prospective data and 

historical Basic Surgical Trainee (BST) data since 2007, under similar standards 

with the scoring algorithm applied retrospectively to the operative data. 

The present study was approved by the local ethics committee of the Royal 

College of Surgeons in Ireland (RCSI 1128b). 

 

4.3.2 Inclusion and Exclusion Criteria 

All trainees that completed the initial two years of surgical training continuously, 

from 2009 to 2016 were eligible for study inclusion. Any individual that deferred 

or withdrew from the programme was excluded from study participation. Any 

trainees failing to submit or with minimally completed case-logs (<1200 

points/year, the minimum equivalent of ≥ twelve operations/year) were excluded 

from analyses. Any speciality with ≤2 eligible trainees was excluded from 

discipline ranking to ensure individual’s anonymity. Historic hospital sites, not 

currently applicable to current trainees, were removed from the institutional 

analysis. 
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4.3.3 Course Programme 

Core Surgical Training is a preliminary two-year period at the commencement of 

surgical training. For trainees commencing in 2013 and 2014, the first year 

involved two six-month rotations of varying specialities followed by one year of 

specialty surgical training. 

  

4.3.4 Specialities and Training Hospitals 

First-year surgical specialities involved General and Trauma and Orthopaedic 

Surgery. In the second year of training, a trainee was allocated one of the 

following training options for one year: Plastic Surgery, Oral and Maxillofacial 

Surgery (OMFS), Urological Surgery, Otolaryngology/Ear-Nose & Throat (ENT) 

Surgery, Paediatric Surgery, Orthopaedic Surgery, General Surgery, 

Cardiothoracic Surgery and Neurosurgery.   

Trainees rotated through a combination of secondary and tertiary teaching 

hospitals throughout the Republic of Ireland. Each training post was associated 

with one of the ten national university teaching hospitals (figure 4.1): Cork 

University Hospital (CUH), Tallaght Hospital (AMNCH), James Connolly 

Memorial Hospital (JCMH), St Vincent’s Hospital (SVUH), Mater Misericordiae 

Hospital (MUH), Beaumont Hospital, St James Hospital (SJH), University 

Hospital Galway (UCHG), University Hospital Limerick (UL) and Waterford 

Hospital. 
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Figure 4. 1: Geographical Variation in Major University Teaching Hospitals 
in the Republic of Ireland. 

 

4.3.5 Logbook Scoring Interface 

An interface between the online elogbook and the trainee web-based portfolio 

‘m-surgery’ was created by RCSI department of Surgical Affairs using HTML, 

C# and Microsoft SQL database. This automated process extracted the 

elogbook raw data for respective trainees, applied the scoring algorithm to each 

operative entry and then presented the data on the web-based trainee portal 

‘msurgery’. The scoring process took place at local RCSI server level using an 

automated process with RCSI-developed (Dept of Surgical Affairs) C# scoring 

software.  
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4.3.6 Scoring Algorithm 

 

Figure 4. 2: Operative Entry Scoring Algorithm. 

The scoring algorithm (figure 4.2) involved weighted parameters for the degree 

of participation and complexity of procedures. The degree of participation was 

self-reported by trainees via the e-logbook database for every operative entry. 

The complexity of procedures was mapped to the BUPA insurance Schedule of 

Procedures online database (BUPA, 2018), and regularly updated (by study 

primary and senior authors). Each operative entry was automatically scored out 

of 100 marks according to the algorithm above with a potential of 75 marks 

potentially for participation and 25 marks for operative complexity. The 

operative score produced (out of 100), was defined as a mark for each 

operation that intended to quantify both the complexity and trainee’s 

participation level within the given procedure. Cumulative operative scores for a 

trainee aimed to depict the individual’s operative case-load or experiences. 

Operative metrics included: a trainee’s cumulative operative score (relative 

case-load), operative numbers/week and distribution histograms of operative 

numbers and corresponding scores according to the complexity of operation 

and degree of participation. 
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Table 4. 1: Operative Entry Scoring Algorithm Sampling Output. 

Operation Participation Complexity Participation 
Score 

Complexity 
Score 

Total 

Weighting   75% 25%  
Inguinal Hernia 
(Open) 

Supervised (90)  Inter (60) 67.5 15 82.5 

Right Hemi-
colectomy (Lap) 

Assisted (50) Major (80) 37.5 20 57.5 

THR (primary) Assisted (50) Major (80) 37.5 20 57.5 
E/o Lipoma Performed (100) Minor (40) 75 10 85 

 

An example of the scoring algorithm applied to operative entries is found in 

table 4.1. A period of data remodelling was undertaken where the scoring 

algorithm was applied to historical data and results evaluated. Outputs were 

evaluated to ensure scores were reasonable for operative complexity and 

degrees of involvement. 

 

4.3.7 M-surgery Logbook Portfolio 

Daily objective feedback was presented to trainees on their electronic web-

based portfolio (Appendix A). The responsive web-design was available on all 

electronic and hand-held devices and incorporated bootstrap technology to 

accommodate the varying electronic devices.  

 

4.3.8 Scoring Portfolio 

The trainee portfolio allowed a trainee to view their absolute and relative 

logbook caseload (Appendix A) at a given time period relative to the mean of 

their training cohort at that time. The scoring interface provided the trainees with 

matrix histograms of operative complexity vs numbers & scores (Appendix A).  

 

4.3.9 Technical Assessments 

Technical skills were assessed as per the trainee’s ongoing continuous 

progression. Trainees completed annual Operative Surgical Skills (OSS) 
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assessments (University-led) and biannual Procedure Based Assessments 

(hospital and trainer-led) as part of competency-based examinations.  

 

4.3.10 Work Based Assessments 

The Procedure Based Assessments (PBA) were predefined by the trainees’ 

respective trainers in each training hospital. Each PBA involved a trainee-

performed operation, supervised by the consultant trainer and scored using a 

modified Objective Structured Assessment of Technical Skills (OSATS). Three 

PBA examinations every six months per trainee were submitted to the training 

body for review. These involved trainees being ‘formatively’ assessed during the 

selected procedures by their consultant trainer during the six-month period but 

typically at the latter aspect of the time period. The procedures varied and were 

dependent on the speciality occupied at the time in question. These Work-

based Assessments (WBA) were repeated biannually over the two-year period 

providing multiple formative assessment points by a number of trainers for each 

trainee.  

 

4.3.11 Operative Surgical Skills Assessments 

The OSS assessments involved faculty-led examinations of open and 

laparoscopic skills standardised for each training cohort using modified 

Objective Structured Assessment Technical Skills (OSATS) marking and 

predefined error scores. The examinations took place annually in the National 

Surgical Training Centre of the Royal College of Surgeons in Ireland. The 

laparoscopic component involved basic tasks (year 1) and a simulated 

cholecystectomy model (year 2). The open component involved basic tasks of 

knot tying, suturing, laparotomy closure models, saphenofemoral junction 

ligation models and inguinal hernia mesh repair models (figure 4.3). All models 

were sourced from Limbs & Things Ltd, Bristol, UK. 

These OSS assessments involved basic and more complex open and 

laparoscopic skills assessments using standardised objective marking 

(OSATS), time and error scores. 
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Figure 4. 3: Examples of Operative Surgical Skills Synthetic Models        
(a) Open Inguinal Hernia Repair (b) Sapheno-femoral Junction Ligation. 

 

4.3.12 Validation 

The electronic logbooks were validated biannually for each trainee by their 

respective consultant trainers. This represented four-time points during the 

initial two years of training in which the case-logbooks were validated. The 

trainees’ cumulative logbook scores contributed to progression criteria with 

progressively increasing score targets of 20, 24, 26 and 28 thousand to 

accompany each consecutive six-month term occupied by a given trainee. 

 

4.3.13 Impact of the Scoring system 

The scoring algorithm was applied retrospectively to trainee logbook volumes 

that entered similar surgical training from 2007-2012 (Retrospective Group). A 

pre and post-intervention analysis was performed with prospective data for the 

2013 and 2014 entry cohorts (Prospective Group). Annual trends were analysed 

for trainees’ cumulative logbook scores (case-load) and absolute operative 

numbers including total recorded, total performed (trainee-performed 

unsupervised or senior/trainer supervised) and total assisted. 

Achievements in index procedure [Individual Training Plan (ITP)] targets, 

applicable in 2009 (Lonergan et al., 2011), were analysed for trainee graduates 

of that period and compared with the prospective group. These targets included 
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17 index operations (nine emergencies, eight electives), trainees should 

achieve during a six-month general surgery rotation. Operative entry delays 

(date of entry – date of procedure) to the logbook were calculated for individual 

trainees, with analysis performed for year to year variances and logbook score 

correlations.  

Training hospitals and specialities were evaluated amongst the prospective 

group according to the cumulative logbook-scores (caseloads) of their 

respective trainees. Training institutes were ranked according to first-year 

trainees, segregated for both orthopaedic and general surgical training posts. 

Specialities were ranked according to second-year trainees. Participation 

dynamics (performed vs assisted) in top-recorded procedures in orthopaedic 

and general surgery were analysed for 2013 entry trainees.  

Trainees’ logbook metrics (cumulative score, total performed/assisted 

operations) were analysed for correlations in technical competence with 

trainees’ technical skills assessments amongst the prospective group. 

 

4.3.14 Statistical Analyses 

Data management and quality assessments were performed using SAS® 

Version 9.3 (SAS Institute Inc., Cary, NC, USA). Data analysis was performed 

using IBM® SPSS® Statistics version 22.0. Simple descriptive analysis, simple 

linear regression, two sample t-tests and analysis of variance (ANOVA) were 

applied as appropriate. Where robustness to departures from normality 

occurred, these were supported by corresponding non-parametric techniques. 

Statistical significance was determined at an alpha level of 5% (two-tailed), and 

no adjustments for multiple testing were performed. 
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 Results 

4.4.1 Participants 

Overall, 494 trainees completed the preliminary two years of training and were 

eligible for study inclusion. Ninety-five trainees completed the Core Surgical 

Training from 2013, and 2014 entry cohorts (prospective cohort) and all 

logbooks were eligible for analysis († table 4.2.). In contrast, 399 eligible 

trainees completed Basic Surgical Training since commencing in 2007 to 2012 

with 33 participants additionally ineligible for data inclusion due to incomplete 

logbook data (table 4.2).  

 

4.4.2 Operative Numbers Recorded 

The ninety-five trainees in the prospective group utilised the scoring interface 

throughout the two-year period and recorded in total 79,490 operations or 836.7 

operations per individual (39.2% of which as the primary operator). In 

comparison, the 399 trainees (retrospective group) from historical years without 

the scoring interface, recorded 171,668 operations over their respective training 

period, averaging 430 operations per individual (30.9% of which as the primary 

operator). 

 

4.4.3 Impact of the Scoring System on the Operative Score (Caseload) 

 

Figure 4. 4: Operative Score Trend by Entry Year. 
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The study determined a significant increase (p<0.050) in mean logbook score 

(case-load) for the prospective cohorts (2013 and 2014 entry, figure 4.4). This 

increase was at minimum 16,528 (50%) compared to the scores of historical 

years. The impact was most defined in the 2014 entry trainees. For the 

prospective group, significant improvements were determined in year one, year 

two and combined logbook scores compared to historical data (table 4.2). 

 

4.4.4 Impact of the Scoring System on Operative Numbers and Dynamics 

 

Figure 4. 5: Total Operative Numbers by Entry Year. 

A significant increase (p<0.05) in total operative numbers (figure 4.5) was 

recorded since 2013 with a minimum increase of 234 (45%) compared to 

historical years. This increase was most substantial in the 2014 entry cohort 

which recorded an average increase of at least 78.2% compared to the 

retrospective cohorts.  
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Figure 4. 6: Total Performed Numbers by Entry Year. 

The study determined a significant increase (p<0.05) in trainee-performed 

operative numbers (figure 4.6) in the prospective groups since 2013. This 

amounted to a minimum increase of 115 (66%) operations per trainee.  

 

Figure 4. 7: Total Assisted Numbers by Entry Year. 

A significant increase (p<0.05) in trainee-assisted operative numbers (figure 

4.7) was recorded since 2013 compared to retrospective data. This increase in 

the prospective group’s records was at least 113 (33%) operations per trainee, 

compared to historical years.  

 

4.4.5 Impact of the Scoring System on Operative Participation Levels 

The percentage of operations that were trainee-performed (performed 

independently/supervised) was higher in the prospective trainees of 2013 and 
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2014 compared to historical years. This amounted to a mean percentage of 38 

± 15 and 39 ± 16 respectively in these trainee cohorts (table 4.2). The 

incentivised scoring algorithm with heavily weighted criteria on operative 

participation rather than complexity may have encouraged trainees to seek not 

only increased operative exposure but additional responsibility in these 

procedures. 

 

4.4.6 Impact of the Scoring System on Operative Entry Delays 

Operative entry delay was the lowest in the 2014 entry cohort and second 

lowest in the 2013 entry cohort across the entire eight years of trainee data 

studied. These trainee cohorts were significantly more adept at maintaining their 

logbooks progressively which may have been secondary to the real-time 

scoring system and daily feedback. 

 

Figure 4. 8: Correlations between Total Logbook Score and Operative 
Entry Delay (Prospective Cohort 2013 & 2014). 

A significant negative correlation r=-0.304, (p=0.003) between total logbook 

score and operative entry delays in the prospective group was present (figure 

4.8). This suggests that prompt and judicious entry of logbook records may be a 

behaviour more accustomed to trainees with higher operative participation or 

alternatively, that this behaviour encourages more comprehensive completion of 

logbook entries.  
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Table 4. 2: Summary of Trainee Entry Years and Electronic Logbook 
Performance Characteristics, Operations and Entry Delay 

 

4.4.7 Individual Trends in the Year to Year Logbook Performance 

 

Figure 4. 9: Correlations between Year 1 and Year 2 Logbook Scores 
(Entire Cohort 2007-2014) 

A moderate and significant correlation between year one and year two logbook 

scores [r=0.622 (p<0.001)] was determined for all trainees since 2007 (figure 

4.9). This suggests that operative recording and exposure are dependent on 

 Trainee Entry Year  
2007 2008 2009 2010 2011 2012 2013 2014 

Logbooks Suitable for 
Study Inclusion  

95 
[93.1] 

95 
[88.0] 

55 
[96.5] 

47 
[94.0] 

52 
[96.3] 

55 
[90.2] 

45† 

[100] 
50† 

[100] 
Inadequate Logbook 
Submission 7 13 2 3 2 6 0 0 

Year 1 Logbook Score 12681 ± 
7531 

11406 ± 
7608 

13709 ± 
9266 

15650 ± 
9763 

13768 ± 
7018 

14418 ± 
6508 

20923** 
± 6220 

29066* ± 
6806 

Year 2 Logbook Score 11489 ± 
7964 

11984 ± 
9504 

 13335 
± 7910 

16455 ± 
10052 

15814 ± 
10648 

18185 ± 
11932 

27864** 
± 12235 

31094* ± 
16112 

Total Logbook Score 24170 ± 
13220 

23389 ± 
15485 

27044 ± 
14298 

32105 ± 
15586 

29582 ± 
15832 

32602 ± 
16220 

49130* 
± 15258 

60161* ± 
20268 

Total Operative 
Numbers 

393 ± 
203 

379 ± 
228 

426 ± 
205 

495 ± 
225 

464 ± 
217 

514 ± 
243 

748*** ± 
223 

916* ± 
213 

Total Performed 
Operations 

108 ± 
88 

107 ± 
116 

139 ± 
125 

172 ± 
130 

157 ± 
141 

162 ± 
118 

287*** ± 
144 

364* ± 
205 

Total Assisted 
Operations 

270 ± 
153 

255 ± 
143 

271 ± 
128 

309 ± 
141 

287 ± 
109 

336 ± 
146 

449*** ± 
161 

530* ± 
197 

% of Operations 
Trainee-Performed 27 ± 14 25 ± 15  30 ± 17 33 ± 16 30 ± 15 30 ± 13 38 ± 15 39 ± 16 

Operative Entry Delay  
(days/entry/trainee) 

73.0 ± 
161.4 

60.8 ± 
39.2 

63.2 ± 
68.0 

69.6 ± 
62.2 

57.4 ± 
38.6 

54.9 ± 
24.1 

41.9 ± 
22.0 

26.6 ± 
19.4 

Mean ± SD [percent], *p <0.001 **p <0.01 ***p <0.05  
†One (2013) /Five (2014) trainees failed to submit logbook entries for the final six months but had satisfied inclusion criteria. This data was 
excluded from analysis in specialty evaluation/trends in scores and correlation analysis. 
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trainee factors and behaviours to some degree. Participants that scored 

operatively high in year one had a moderate correlation for scoring high in year 

two. In reciprocation, those performing poorly in their first year were likely to 

continue on this trend thereafter, highlighting the importance of early 

intervention in these individuals. 

 

Figure 4. 10: Correlations between Year 1 and Year 2 Logbook Scores 
(Prospective Cohort 2013 & 2014). 

Similarly, in subgroup analysis for the prospective trainees since 2013 (figure 

4.10), year one and year two logbook scores significantly correlated, r=0.528 

(p<0.001). While one could suggest that this correlation is solely resultant of a 

trait of high recording behaviour in some trainees, all trainees in this cohort 

were incentivised with logbook performance integrated into competitive 

progression criteria. 
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4.4.8 Variance in Operative Exposure between Surgical Specialities 

 

Figure 4. 11: Operative Score and Recorded Numbers by Speciality 
(Prospective Group 2013 & 2014). 

 

Surgical speciality was a significant factor in logbook score and operative 

opportunities for trainees [prospective group] (p<0.05, table 4.3). Trainees in 

plastic surgery established the highest operative opportunities compared to 

those in other specialities such as cardiothoracic and orthopaedic surgery 

(figure 4.11). This plastic surgery cohort recorded a two to three-fold increase in 

total and performed operations respectively compared to those in cardiothoracic 

surgery. Urological trainees performed the highest number of non-minor 

procedures compared to other specialities. 
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Table 4. 3: Logbook Scoring and Operative Numbers by Year 2 Surgical 
Specialty of Prospective Cohort 

 

4.4.9 Variance in Operative Exposure between Training Hospitals 

 

Figure 4. 12: First Year Hospital Ranking Scores by Speciality 
(Prospective Cohort 2013 & 2014). 

Levels of operative exposure across different specialities within the same 

training hospital were not consistent. Trainees in the top ranking general 

 Cardiac 
(n=5)  

Orthopaedic 
(n=26)  

Paediatric 
(n=4)  

General 
(n=30)  

ENT 
(n=4)  

OMFS 
(n=4)  

Urology 
(n=7) 

Plastic 
(n=8)  

Logbook 
Score* 

23990 ± 
4372 

25102 ±   
9154 

28078 ± 
9647 

28998 ± 
12054 

30854 
± 994 

35919 
± 9174 

44520 ± 
13317 

52883 ± 
12689 

Total  
Operations * 

349 ± 
69 390 ± 127 444 ± 147 413 ± 

161 
495 ± 
32 

471 ± 
101 

562 ± 
185 

748 ± 
199 

Performed 
Operations** 

130 ± 
54 128 ± 85 173 ± 62 225 ± 

131 
191 ± 
19 

302 ± 
107 

438 ± 
119 

445 ± 
111 

Performed 
Non-Minor 
Operations* 

 110 ± 
46 57 ± 47 95 ± 36 123 ± 

95 
32 ± 
12 

177 ± 
63 

410 ± 
126 

145 ± 
42 

Assisted 
Operations 

219 ± 
90 258 ± 84 260 ± 96 183 ± 

104 
 269 ± 
39 

169 ± 
22 

123 ± 
111 

287 ± 
121 

% of 
Operations    
Trainee-
Performed** 

38 ± 18  32 ± 14 39 ± 5 53 ± 17 39 ± 6  62 ± 
12  81 ± 14 60 ± 12 

Mean ± SD, *p< 0.01 **p<0.05 
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surgical hospital since 2013 were identified as having limited orthopaedic 

operative exposure and associated logbook scores (figure 4.12). A disparity in 

the trainee’s performances within the same speciality and training hospital was 

determined, suggesting that multiple considerations such as individual trainee, 

specialty and trainer factors are involved.  

 

4.4.10 Association between Operative Volume and Work-Based 
Assessments 

Significant positive correlations emerged for trainees’ work based technical 

assessments (Procedure Based Assessments) and accumulated logbook 

scores at the 18 and 24-month timelines of r=0.317 (p=0.002) and r=0.336 

(p=0.002) respectively. This indicated that PBA’s might demonstrate a degree of 

validity and one could hypothesise from these results that evidence of their 

construct validity becomes apparent in the later aspects of junior training.  

4.4.11 Association between Operative Volume and RCSI Annual Technical 
Assessments.  

Since 2013, trainees’ year one and year two logbook scores (case-loads) 

significantly correlated with end-of-year RCSI technical skills assessments 

(OSS), r=0.396 (p=<0.001) and r=0.292 (p=0.006) respectively. In the common 

year of training (year 1) this demonstrated a weak to moderate relationship and 

likely signifies that even operative exposure at an early stage is significant in the 

acquisition of technical skills. Contrary to this, however, as described 

previously, one confounding variable hypothesised could be that technically 

more adept trainees may have improved recording behaviours. 
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4.4.12 Operative Participation and Technical Skills Associations 

 

Figure 4. 13: Year 1 Operative Surgical Skills Assessment vs Number of 
Operations Performed 

On further analysis, the number of operations a trainee performed in year 1 

(figure 4.13) significantly correlated with the end of year technical skill’s 

assessment (r=0.492, p<0.001). This research would hypothesise that this 

correlation is of high significance amongst trainees. Furthermore, number of 

operations performed at twelve, eighteen and twenty-four months correlated 

significantly with Procedure Based Assessments of r=0.237 (p=0.026), r=0.307 

(p=0.003) and r=0.315 (p=0.003) respectively.  

At no time-period were significant correlations discovered between the 

accumulated number of assisted operations and Procedure Based 

Assessments (work-based) or annual technical skills assessments (OSS). This 

would be in keeping with Ericsson’s suggestion (Ericsson, 2000), that it may not 

be the volume of surgical exposure that determines performance but rather 

deliberate practice (or manual experience in this study). 

 

4.4.13 Qualitative Assessment of Top Recorded Procedures 

The general and orthopaedic specialities accounted for 65.9% of trainees in 

their second year of training.   
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Figure 4. 14: Top Recorded General Surgical Procedures by 2013 Entry 
Trainees. 

The most commonly recorded general surgical operation in the 2013 entry 

trainees was excision/biopsy of a skin lesion accounting for 1,434 cases (1,225 

performed, 85.4%) (figure 4.14). Trainees were the majority-performing surgeon 

in 9/20 (45%) of the top-recorded general surgical operations. However, 

procedures such as appendicectomy (368 of 1,055 performed, 34.9%) or 

inguinal hernia repair (221 of 698 performed, 31.7%), were mainly assisted by 

trainees, despite being index training target operations. These underwhelming 

figures further suggest a pressurised work environment with consultant or 

senior dominated theatre dynamics. 
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Figure 4. 15: Top Recorded Orthopaedic Surgical Procedures by 2013 
Entry Trainees. 

The most commonly recorded orthopaedic operation in the 2013 entry trainees 

was joint injection/aspiration. There were 1,515 recorded cases (1,093 

performed, 72.1%) (figure 4.15). Trainees were the majority-performing surgeon 

in 3/20 (15%) of the top recorded orthopaedic operations. These three 

operations were joint injection, removal of metal and carpal tunnel 

decompression, the majority of which would be categorised as low complexity 

procedures. This again is significantly underwhelming and could be explained 

by working environments in an acute, trauma-dominated specialty in most 

university hospitals. As Ericsson had proposed 25 years ago, achieving 

deliberate practice in the workplace can be significantly challenging (Ericsson et 

al., 1993). 

 

4.4.14 A Qualitative Comparison of Index Operative Targets between 
Prospective and Retrospective Groups.  

Achievements in reaching Indicative Training Plan (ITP) targets improved in 

≥12/17 (70.6%) operations amongst 2013 and 2014 entry trainees with a dis-

improvement in 4/17 (23.5%) when compared to 2007 entry trainees (table 

4.4.). These procedures included Central Venous Catheter insertion, 

Cholecystectomy, Femoral Embolectomy and Perforated Duodenal Ulcer repair. 

Over the two year period, the maximum in any one cohort that recorded 
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performing a single chest drain insertion was 26% and 56% for performing five 

or more appendicectomy procedures 

 

Table 4. 4: Achievements in Individual Training Plan Targets in General 
Surgery 

 

 

 

 

Operation Participation x 
Target 

Trainees 
Achieving 
Target 2009 

Trainees 
Achieving 
Target 2015 

Trainees 
Achieving 
Target 2016 

Appendicectomy Performed x5 33 (32) 25 (56) 28 (56) 
Abscess Drainage Performed x5 24 (23) 19 (42) 26 (52) 

Right Hemicolectomy Assisted x3 39 (38) 17 (38) 24 (48) 

Wound Debridement Performed x2 16 (15) 18 (40) 33 (66) 

Central Venous 
Catheter Performed x5 2 (2) 0 (0) 0 (0) 

Perforated Duodenal 
Ulcer Repair Assisted x2 13 (13) 2 (4) 8 (16) 

Chest Drain Insertion Performed x1 23 (22) 11 (24) 13 (26) 

Femoral 
Embolectomy Assisted x1 31 (30) 6 (13) 7 (14) 

Tracheostomy Assisted x1 12 (12) 11 (24) 7 (14) 

Simple Skin Excision Performed x5 64 (62) 34 (76) 34 (68) 

Cholecystectomy Assisted x5 94 (90) 37 (82) 40 (80) 

Upper Gastrointestinal 
Endoscopy Performed x5 41 (39) 20 (44) 22 (44) 

Lower Gastrointestinal 
Endoscopy Performed x5 28 (27) 13 (29) 18 (36) 

Inguinal Hernia Repair Performed x1 67 (64) 34 (76) 30 (60) 
Ingrown Toenail Performed x5 25 (24) 26 (58) 25 (50) 
Pilonidal Sinus 
Excision Performed x1 41 (39) 21 (47) 32 (64) 

Skin Graft Assisted x1 24 (24) 25 (56)  23 (46) 

Number of Trainees achieving target: n, (percentage in parentheses) 
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 Discussion 

The present study has demonstrated the significant motivational impact 

competition, and rivalry has on trainees’ recording behaviours. The competitive 

dynamic or open benchmarking of these logbooks may stimulate trainees to 

seek further operative opportunities and furthermore, to document those 

experiences. While underreporting of operative data has been demonstrated in 

up to 20% of cases (Veldenz et al., 2001) and inaccurate in 12.5% of data 

(Achuthan et al., 2006), the improvement in reporting numbers in this study was 

at least 45% and suggests that rivalry may incentivise increased operative 

participation and recording in a postgraduate medical cohort.  

Utilising the preintervention cohort (pre-scoring years) as a control group or 

comparator, allowed a significant volume of data to be included and provided a 

vast array of entry years. There are no reasons to suggest the demographics of 

participants from year to year significantly vary, and since 2013 external 

variables such as working time directives would theoretically negatively impact 

operative exposure, rather than benefit.  

The significant findings of the scoring system would be in keeping with 

achievement goal theory and in particular ego-orientated involvement (Duda, 

1992). While the rivalrous environment may promote trainees to achieve high 

performance, it may also provide a platform for the avoidance of below average 

scores, thereby motivated by bipolar approach or avoidance incentives (Ellliot, 

2006). The system promotes trainee’s ego-involvement as a motivating factor, 

and task-involvement is not a significant component as qualitative feedback of 

one’s operative performance is not incorporated into the scoring system. 

Structuring task-involved motivation to improve a quantitative or volume-based 

outcome process may be difficult and was not feasible with the current 

hypothesis. 

The findings of this study have confirmed the hypothesis on multiple levels. 

While causing a significant impact on recorded numbers as outlined above, this 

provided the ability to define factors associated with variability in operative 

exposure. These included surgical institute and surgical discipline. Early sub 

specialisation of individuals was thought to compromise operative opportunities 

in previous research (Tottrup, 2002). However, this study found higher levels of 
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operative exposure in many disciplines when compared to general surgery, in 

the second year of training.  

Previous research has suggested that open availability of training site analyses 

may create accountability among institutes and trainers and thereby improve 

standards (Singh et al., 2014). This study has demonstrated the importance of 

maximising operative participation for trainees, with technical skills acquisition 

otherwise potentially compromised. The intervention in this study provides a 

method of monitoring national operative exposures and indirectly the standards 

associated with each training site. The heightened public expectations, an 

overrun service-driven health department and high media coverage may have 

created an environment with predominantly consultant-performed operations, 

which may indicate the lower than anticipated levels of operative participation 

for given procedures in this study. In the current climate, the situation may have 

been difficult to avoid due to the increased cost and time associated with 

intraoperative-training of trainees as the performing surgeon (Bridges and 

Diamond, 1999).  However, the operative responsibility for trainees may not be 

limited by individual technical ability but rather the ethos and practices of their 

overseeing trainers and hospital institutes (Beasley et al., 2011). 

While the ego-orientated competitive dynamic in this study has increased 

operative recording and now provides more succinct databases for analyses, 

the current study does not support the implementation of absolute or indicative 

procedure numbers into competitive progression or a competency process. 

Research has demonstrated that some trainees that achieve indicative 

operative numbers, lack competency in the subsequent technical skills 

assessments (De Siqueira and Gough, 2016). The competitive scoring system 

provides a platform for ensuring more succinct logbook recording and a method 

of identifying marginal trainees, training posts and training institutes that lack 

operative exposure and may require remediation.  

However, the low trainee-performed operative rates of 38/39% in 2013 and 

2014 entry cohorts necessitates time for reflection. While Ericsson theorised 

that immediate feedback for trainees may have the highest impact on technical 

skill’s development, the opportunity for trainees to receive meaningful 

performance feedback is more limited as for over 60% of the procedures in this 
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study, trainees were assisting. Train the trainer courses are available for 

trainers to develop the skills to provide structured feedback to trainees. As 

previously described, such courses are significantly underutilised in the 

Republic of Ireland, however (Feeley et al., 2018).  

While the focus of this study was not in essence on training sites or trainer 

competencies, the ACGME publishes robust guidelines for every surgical 

discipline regarding program and program director standards. For categorical 

general surgery, this includes a fully protected 5 year residency position per 

trainee, the program director must have at least 30% protected time, distribution 

of trainees to non-integrated training positions must have “a clear educational 

rationale”, 75% of trainees must have attended the core conferences, and 

trainees must have at minimum 850 major cases during the 5 years, with at 

least 200 of these in the chief resident (final) year (Accreditation Council for 

Graduate Medical Education (ACGME), 2017). The ISCP publishes similar 

guidelines. However, there remains room for improvement in both guidelines to 

incorporate more absolute figures on a year-by-year basis. 

This study would encourage: 

o The widespread use of similar competitive scoring systems to motivate 

participation and incentivise recording of operative databases. The 

significant impact on operative recording numbers would justify its 

continued use and may overcome some of the limitations reported 

elsewhere (Achuthan et al., 2006; Veldenz et al., 2001). 

o Ensuring logbook entries are entered into the electronic system within a 

designated time window to promote more accurate real-time results. The 

negative correlation between logbook score and delay in logbook entry in 

this study suggests a strong behavioural component to practices and 

motivating more prompt recording may encourage positive ‘herd 

behaviours’. 

o The application of the competitive scoring system to all levels of surgical 

training to compare and monitor operative opportunities. Considering this 

study demonstrated applicability amongst all specialties and a significant 

impact since its introduction, there remains no reason to justify its limited 
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use amongst more junior colleagues and could easily be adapted into the 

Intercollegiate Surgical Curriculum Programme (ISCP).  

o The publication of openly available training-institute and training post 

competitive rankings to ensure transparency and raise standards. This 

may introduce open benchmarking between trainers and training-

hospitals, highlighting substandard units and increasing competition for 

those programs with increased operative opportunities.  

o Selective and judicial use of indicative operative numbers/scores in 

competitive trainee progression. While this study has demonstrated 

significant but low impact correlations between operative exposure and 

participation, it has not evaluated operative competency. Interpreting 

operative exposure as a surrogate marker of operative competency is not 

without its limitations as reported previously (De Siqueira and Gough, 

2016) 

o A feedback loop to encourage and remediate quantitatively under-

performing trainees in year one. With a significant and moderate 

correlation between year one and year two operative exposures 

demonstrated in this study, early remediation is essential in ensuring 

trainees return to optimal standards. Anecdotally, one of the primary 

reasons a candidate chooses surgical training is due to the operative and 

manual experiences of the profession. This is missing for many trainees 

and has the potential to factor in the attrition rate from early surgical 

GME in Ireland. 

o A protocol for early recognition of repeatedly poorly performing training 

posts for operative opportunities, which may require removal from the 

training network. With operative exposure correlating significantly with 

operative skills examinations, ensuring a benchmark level of exposure 

and educational opportunities amongst training body-ordained training 

sites is critical in this modern era.  

o An independent assessor for trainee Procedure Based Assessments to 

eliminate potential bias in trainee evaluations. This is suggested by the 

relatively lower correlations discovered for Procedure Based 

Assessments (PBA) than faculty technical skills assessments (OSS) 

scores, with operative volumes. Furthermore, one may surmise that 

trainee evaluation could be positively biased in general by the knowledge 
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of reciprocal evaluations by the trainee on the respective trainer/ training 

post. 

o Increasing the functionality of logbooks to record specific procedural 

steps rather than solely complete operations (Gomez Diaz et al., 2015). 

The limitation of the current ‘elogbook’ is its inability to enter operative 

sub-parts may increase erroneous or underreporting of trainee 

exposures. 

o The comparison of similarly scored surgical trainees’ logbooks between 

nations to compare and construct benchmark levels of achievement. 

With significant variations in working conditions, training programmes 

and working hours amongst surgeons worldwide, comparing exposure 

levels amongst different nations may aid in recognising optimal 

conditions in the future. 

These more succinct operative databases now provide a more comprehensive 

foundation for analysis and monitoring. While a natural focus on competency 

and standards typically lies on individual trainee factors a balanced approach 

may be beneficial in also ensuring trainer and training site standards.  

This ‘ego-involved’ competitive system may create motivation in a number of 

educational areas. It may stimulate and incentivise students to engage in 

behaviours they otherwise wouldn’t be motivated to do on a voluntary basis. 

With a barrage of intense stimuli available to trainees in everyday-life, merging 

education with these dopamine-reward stimulation platforms may be vital in 

adapting to modern learning styles. 

The study has demonstrated the positive impact a competitive rivalrous 

intervention has on trainee surgeons’ behaviours. Competition as an 

intervention was a positive motivator for participants in their actions. The 

gamification of data may have wider fields of use in education.  The study did 

not, however, evaluate the effects of an intrinsic competitive trait on participants’ 

behaviours or other fundamental factors on the achievement of skill. 

Furthermore, nor did it evaluate competitive or gaming platforms as suitable 

foundations for education.  

While the scoring system may increase competition to record total operative 

numbers, the algorithm favours operative participation rather than the 
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complexity of the operation. Performing, rather than assisting the operation is 

likely to improve higher order learning as Edgar Dale’s cone of learning 

suggests (Dale, 1946). This study supports this theory and Ericsson’s 

proposition on the importance of deliberate practice (Ericsson, 2000), as 

operative numbers performed rather than assisted, correlated with technical 

skills assessments. 

In conclusion, this study suggests overwhelming support for a multidimensional 

approach to monitoring and maintaining trainee competencies. New 

methodologies such as game theory should be incorporated into postgraduate 

curriculums to incentivise performance. This study suggests a multifaceted 

approach to training is necessary. Monitoring and ensuring training institutes 

and training posts educational standards is imperative. With training institute 

and speciality a factor in trainee’s operative learning opportunities, and 

operative exposure levels correlating with technical skills acquisition, developing 

stringent marks and standards for training positions is essential. Transparent 

and openly available training post and institute rankings may increase 

competition and elevate standards. A multidimensional refocus on trainers and 

training institute competencies is necessary. 
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The Effect of Competitive Personality 
Traits and Fundamental Influencers 

on Baseline, Acquisition and 
Variability of Technical Laparoscopic 

Performance. 
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Visuospatial abilities and fine motor experiences influence acquisition and 
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 Introduction 

The last two decades have seen the widespread adoption of minimally invasive 

techniques such that the current trend is towards minimally invasive surgery 

(MIS) as the de facto approach (Eurostat, 2016). 

The acquisition of laparoscopic technical skills can be challenging and even 

insurmountable for some individuals due to the demand for non-intuitive skill 

development (Buckley et al., 2013; Buckley et al., 2014a). This includes 

mastering unique, abstract psychomotor skills such as non-dominant or inverted 

hand movements, pictorial perception, the fulcrum effect and ergonomics (Lin 

and Chen, 2013; Ballantyne, 2002; Grantcharov and Funch-Jensen, 2009). 

Furthermore, the transferability between laparoscopic and robotic-simulated 

skills in this modern era (Anderberg et al., 2010; Thomaier et al., 2017; Kim et 

al., 2014), makes mastering laparoscopic skills even more pertinent.  

As previously demonstrated in Chapter 4, the trainee’s operative experience 

may be failing to meet expectations at a number of stages. Despite achieving 

target numbers, some individuals lack competency in technical skills (De 

Siqueira and Gough, 2016). With increasingly limited workplace time to achieve 

such technical competencies, fundamental predictors of technical skills 

acquisition may become of considerable interest in selection to surgical training 

programs. These may aid in overcoming the steep learning curve (figure 5.1), a 

concept first described in aviation (Wright, 1936). 

 

 

Figure 5. 1: Concept of Learning Curve 
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While some aptitudes predicting the capacity to acquire MIS skills have been 

examined including visuospatial ability (VSA), perceptual and psychomotor 

ability (PMA), no single test demonstrates reliability across technical categories 

(Louridas et al., 2016). Regarding laparoscopy, there remains a lack of 

conclusive evidence for ability tests that consistently predict skill acquisition 

(Louridas et al., 2016). Significant but low predictive power for each ability has 

been demonstrated, suggesting a battery of aptitude tests may be beneficial 

(Kramp et al., 2016). Furthermore, the effect of cognitive aptitude and non-

surgical experiences on the ability to maintain laparoscopic skills is not well 

described. 

Anecdotally, the influence of non-surgical experiences which demand fine motor 

activity may influence dexterity. Repetitive neural stimulation may promote 

cortical neural priming (Schacter and Buckner, 1998). Fine motor activities such 

as musical instrument or video games experience may stimulate cortical 

plasticity, strengthening neural networks through Hebbian learning (Cooper, 

2005). Surprisingly, few non-surgical experiences aside from video-gaming 

demonstrate positive associations with laparoscopic virtual reality simulators 

and task-trainers (Louridas et al., 2016; Ou et al., 2013).  

Video-gaming frequency is associated with first-time and subsequent 

performances with virtual reality laparoscopic simulators and task-trainers 

(Paschold et al., 2011; Enochsson et al., 2004; Van Hove et al., 2008; Madan et 

al., 2008). Video gaming has been shown to improve complex hand-eye 

coordination (Granek et al., 2010) and components of visual attention (Green 

and Bavelier, 2003). Significant video-gaming use is also thought to alter 

cortical plasticity and affect dissociated tasks (Granek et al., 2010). The ability 

to reconstruct two-dimensional images into three-dimensional structures is 

integral to both video games and laparoscopy. Higher frequency gaming has 

been associated with significantly higher aptitude performances (Buckley et al., 

2014a). However, previous research in laparoscopy has not excluded video-

gaming as a source of confounding bias in evaluating the predictive value of 

visuospatial and psychomotor abilities.   

While the introduction of a competitive dynamic has now been demonstrated to 

affect participants’ behaviours positively, the association between competitive 
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personality levels and surgical task performances is not well described. Defined 

scales used to determine interpersonal competitive traits have shown internal 

consistency, temporal stability and reliability (Harris and Houston, 2010; 

Houston et al., 2002). A significantly higher competitive trait has been 

demonstrated in professional compared to non-professional sports’ athletes 

(Houston et al., 1997). 

There remains a high level of competition for selection to Irish surgical training 

programmes and competitive factors to progression are of significant interest 

(Gallagher et al., 2008). While academic achievements traditionally dominated 

selection and progression criteria amongst medical careers, surgical specialties 

demand technical and procedural skills over and above cognitive aspects. 

Reliable predictors of technical-skill acquisition and maintenance may be of high 

value to selection committees. These may have the potential to influence 

attrition rates, preselecting those predicted unsuitable, and reduce failure to 

progress due to deficits in technical competency (Buckley et al., 2014a). This 

may allow the redistribution of limited training resources to those more likely to 

achieve technical competency in a shorter time-period (Buckley et al., 2013). 

The tasks involved in the fundamentals of laparoscopic surgery (FLS) 

programme have been extensively validated in the literature (Vassiliou et al., 

2006; Derossis et al., 1999; Fried et al., 1999) and mandatory certification is 

required for many trainees internationally. Furthermore, FLS has been 

suggested as a means of re-certification (Scott, 2006). Despite this pre-

requisite, candidate predictors of FLS technical performance remain to be 

described.  
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 Objectives 

5.2.1 Hypothesis 

This research hypothesised that fundamental variables including psychomotor 

abilities and fine-motor experiences would positively influence laparoscopic 

skills’ performances at baseline, acquisition and maintenance of both virtual 

reality and bench-top models. By excluding the potential confounding bias of 

video-gaming, phase 1 of this study ensured a homogenous surgically-naive 

population, to assess the impact of these aptitudes. Phase 2 of this study aimed 

to assess the impact of these fundamental aptitudes and previous motor 

experiences including video-gaming, on both the acquisition and maintenance 

of laparoscopic skills. 

The present study intended to assess whether fundamental factors would 

impact on laparoscopic task performances in those without previous 

laparoscopic exposure.  

The primary aim of this study was to assess the impact of fundamental 

characteristics including visuospatial aptitudes, psychomotor abilities and motor 

experiences on baseline and variability of laparoscopic skills. Secondarily, we 

aimed to assess the effect of a competitive personality trait on laparoscopic task 

metrics.  By evaluating for these associations, the research may provide further 

evidence for adopting a more holistic approach in the selection of future surgical 

trainees. Furthermore, with an abundance of randomised validation and 

intervention studies evaluating laparoscopic educational approaches and 

simulators, this research may highlight participant factors that require 

stratification to ensure homogenous study arms. 
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5.2.2 Detailed Objectives 

Objective 1. To determine if a competitive personality trait significantly 
impacts laparoscopic task metrics. 

This study aimed to determine if the competitive level of participants’ personality 

significantly influenced laparoscopic task metric outcomes on baseline, 

acquisition and maintenance performances. By comparing competitive 

personality scores to physical task metric outcomes, we aimed to determine if 

competitive personality traits can influence physical tasks. 

 

Objective 2. To determine the impact of cognitive aptitudes on baseline 
performance in laparoscopic task metrics (phase #1). 

By excluding the confounding bias of video-gaming, for the first time, this study 

aimed to determine if the aptitudes of visuospatial, perceptual and dexterity 

abilities influence first time laparoscopic task performances.  

 

Objective 3. To determine the impact of visuospatial, psychomotor, and 
perceptual aptitudes on variability in laparoscopic task metrics (phase 
#2). 

Furthermore, this research aimed to identify correlations between specific 

cognitive aptitudes and the ability to acquire and maintain laparoscopic skills 

over time.  

 

Objective 4. To determine the influence of fine and gross motor 
experience on baseline and variability in laparoscopic task performances. 

We aimed to evaluate for significant correlations between previous fine-motor 

experiences such as musical instrument, sports and video-gaming experiences 

with acquisition and maintenance of laparoscopic task performance metrics.  
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 Materials and Methods (phase #1) 

5.3.1 Participants 

Participants, as described in Chapter 2, were consecutively recruited from 

preclinical years at a medical university. Individuals self-declared interest in 

study involvement via an information e-mail and relevant hyperlink distributed 

from independent class representatives. There were no monetary, or academic 

rewards for participating and volunteers could withdraw at any stage. 

 

5.3.2 Electronic Survey 

Participants completed a 25-point electronic survey to indicate expression of 

interest and to assess eligibility. The electronic questionnaire involved questions 

relating to demographics, hand-dominance, standardised evaluation of 

competitive personality level (revised competitive index) as outlined in Chapter 

2 (Houston et al., 2002) and Likert scale questions relating to prior background 

participation in non-surgical experiences such as sporting activity, video-gaming 

and musical instrument experience. This was further supplemented by a self-

perceived rating scale of dexterity level (Likert scale 0-100) and interest in a 

surgical career. Information relating to personal experience with laparoscopy 

(live or virtual reality simulation) and frequency of personal video gaming in 

hours/week was also obtained. This survey aided in determining participant 

data and evaluating individuals for inclusion and exclusion criteria 

 

5.3.3 Aptitude testing 

Eligible participants proceeded to complete a single attempt at four electronic 

aptitude tests as described in Chapter 2: three VisuoSpatial Aptitudes (VSA) 

and one perceptual ability test involving card rotations (Ekstrom et al., 1976), 

cube comparisons (Ekstrom et al., 1976), Map Planning (Ekstrom et al., 1976) 

and PicSOR (Pictorial Surface Orientation, (Cowie, 1998)). These three VSA 

tests pre-selected from the ‘Manual for Kit of Factor-Referenced Cognitive 

Tests’ (Ekstrom et al., 1976) involve Card Rotations (CR), Cube Comparisons 

(CC) and Map Planning (MP) which measure spatial orientation (2D), spatial 
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orientation (3D) and spatial scanning (2D), respectively. All aptitude testing was 

performed prior to laparoscopic testing and performances with scores 

calculated electronically. Psychomotor dexterity testing was performed using a 

single attempt at the modified grooved Pegboard (Model 32025, Lafayette 

Instrument Company, [PEG]).   

CR involves the user performing multiple comparisons of shaped cards with 

varying orientations in a 2D space. CC involves multiple comparisons of cubes 

of similarly lettered faces, but of varying orientations within a 3D space. MP 

involves identifying the shortest distance between two points on 2D maps 

involving route obstacles. PicSOR was chosen to investigate perceptual ability, 

an electronic test which evaluated the ability to measure the 3D orientation of 

structures from 2D imaging. The grooved pegboard was employed to measure 

PMA and involved placing 25 identical pegs into randomly orientated key slots, 

assessed using dominant followed by non-dominant hands. 

 

5.3.4 Inclusion criteria 

Eligible participants were required to lack any prior laparoscopic exposure (live 

or simulated) and to have an infrequent background of video gaming of <3 

hours per week as previously defined (Rosser et al., 2007). 

 

5.3.5 Exclusion criteria 

Exclusion criteria comprised of: minors (<18 years old), experience with 

laparoscopy (live or simulated), a background of video gaming ≥3 hours/week 

generally or ≥15 hours over the preceding four weeks, or a history of surgical 

aptitude assessment completion. 

 

 



146 
 

5.3.6 VR Laparoscopic Simulator Testing 

Following this, individuals completed baseline laparoscopic testing using four 

tasks on the Virtual Reality (VR) simulator, LAP MentorTM (3D systems, formerly 

Symbionix, Colorado, USA).  

Virtual reality laparoscopic testing was performed using the LAP MentorTM 

(version II). A standardised demonstration video of the four tasks was observed 

by each participant followed by a brief orientation to the simulator and 

instrument handling. Standardised objectives were provided at the beginning of 

each task by the simulator. Participants performed a trial of each task to 

completion followed by a ‘live’ performance. They were observed throughout the 

process without prompting. 

The four assessments consisted of previously validated tasks within the LAP 

MentorTM Basic module (McDougall et al., 2006): 

 

Figure 5. 2: Task 1 Eye-Hand Co-ordination. 

1. Task 1 Eye-Hand Co-ordination: Two colour coded laparoscopic hooks 

were used by participants. The task required individuals to dislodge 

flashing coloured balls from their pedestals using the appropriate colour-

matched instrument (figure 5.2).  
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Figure 5. 3: Task 2 Grasping and Clipping. 

2. Task 2 Grasping and Clipping: A laparoscopic grasper (non-dominant 

hand) and clip applicator (dominant hand) were used by participants. The 

task required individuals to bimanually clip nine leaking ducts 

representing vessels. These ducts were placed under tension using the 

laparoscopic grasper applied to the duct’s end (colour coded section 

only). Once adequate tension has been applied a colour change at the 

centre portion of the duct occurs, and the duct can be clipped over this 

section (figure 5.3). 

 

Figure 5. 4: Task 3 Two-Handed Manoeuvres 

3. Task 3 Two-Handed Manoeuvres: Two laparoscopic graspers were 

used by participants. The task required individuals to manipulate a 

recoiling gelatinous mass from overlying coloured spheres. Once each 

sphere was adequately uncovered a colour change signifies it can be 

grasped and placed into a container representing an endobag. 
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Recognition was only provided if the sphere was adequately placed into 

the container and could not be retrieved if dropped outside of the 

structure (figure 5.4). 

 

 

Figure 5. 5: Task 4 Fulguration 

4. Task 4 Fulguration: Two laparoscopic hooks (electro-cauterised) were 

used by participants. The task required individuals to diathermy a 

designated colour coded band using an instrument and the 

corresponding foot pedal. The coloured band occupied a mesh of 

varyingly orientated bands held horizontally between two pillars. A 

second hook could be used to manipulate and protect the undesignated 

bands within the mesh. Once adequately cauterised the target band 

disappeared, but diathermy could be applied inappropriately to adjacent 

bands (figure 5.5).  

Laparoscopic performance metrics included: time taken, error rates, number of 

movements of each instrument, path lengths, the economy of movements and 

average speeds. These variables were recorded automatically by the LAP 

MentorTM software for each task. 

 

5.3.7 Statistical Analysis 

Data management, data quality assessment and statistical analysis were 

performed using IBM® SPSS® Statistics version 22.0. Simple descriptive 
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statistics, Student’s t-test, Fischer’s Exact Test, Pearson’s Methods and 

Spearman Rank Correlation were applied where appropriate. Statistical 

significance was determined at the 5% level (two-tailed), and no adjustments for 

multiple testing were performed.  

 

5.3.8 Ethics 

This research was approved by the local ethics committee (ID REC1202). All 

participants consented to participate. 

 

 Results (phase #1) 

5.4.1 Participants 

 

Figure 5. 6: Participant Flow Chart. 

During the recruitment phase, sixty individuals expressed an interest in this 

study. Subsequently, forty-seven individuals consented to participate and 

completed the electronic questionnaire (figure 5.6). Twenty-seven candidates 

were excluded due to a combination of a personal history of high-frequency 

video-gaming or experience with laparoscopy. Subsequently, 20 participants 

were eligible for participation and completed four electronic and one physical 

aptitude test prior to VR simulator testing.  
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Participant demographics and gender variance are outlined in table 5.1. 

 

Table 5. 1: Participant Demographics 

Characteristic Male 
(n=6) 

Female 
(n=14) p-value* 

Age 22 ± 5.0 20.3 ± 3.2 0.368 
Handedness 
   Right 
   Left 

 
5 (83.3) 
1 (16.7) 

 
14 (100) 
0 (0.0) 

0.300 

Corrected Vision 
   Yes 
   No 

 
3 (50.0) 
3 (50.0) 

 
9 (64.3) 
5 (35.7) 

0.642 

Active Sports Experience 
   None 
   Occasionally 
   Active with the local team 

 
1 (16.7) 
5 (83.3) 
0 (0.0) 

 
3 (21.4) 
10 (71.4) 
1 (7.1) 

1.000 

Musical Instrument Experience 
   No 
   Yes 
   Achieved Distinction 

 
6 (100.0) 
0 (0.0) 
0 (0.0) 

 
6 (42.9) 
4 (28.6) 
4 (28.6) 

0.091 

Video Gaming frequency 
   None 
   <1 hour/week  
   <3 hours/week 

 
3 (50.0) 
3 (50.0) 
0 (0.0) 

 
8 (57.1) 
4 (28.6) 
2 (14.3) 

0.642 

Revised Competitive Index 
Score 50.8 ± 9.4 46.4 ± 8.0 0.320 

Aptitude Performance 
   PicSOR (%) 
   Grooved PEG Board (s) 
   Card Rotations 
   Cube Comparisons 
   Map Planning 

 
57.8 ± 29.3 
61 ± 6.5 
77 ± 28.1 
24.7 ± 6.8 
12.3 ± 7.3 

 
30.2 ± 22.1 
63.3 ± 7.4 
67.2 ± 26.9 
23.8 ± 8.1 
11.8 ± 7.6 

 
0.032 
0.518 
0.488 
0.807 
0.882 

Continuous/Numeric data are presented as mean ± SD, and categorical data are 
presented as n (%) *Student’s t-test for continuous data, Fisher’s Exact Test for 
categorical data 
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5.4.2 Aptitude Inter-correlations 

 

Figure 5. 7: Scatter Plot and Histogram of Inter-Aptitude correlations. 

Of the five aptitude tests examined: PicSOR, Card Rotations and Cube 

comparisons demonstrated significantly positive inter-correlations in 

performance, rs= 0.65-0.86 (p<0.05) [figure 5.7]. The map planning test did not 

correlate with any other aptitudes. Factors such as revised competitive index, 

age, musical experience, sports background and visual impairment 

demonstrated no associations with performance in any of the aptitude tests. 
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5.4.3 Gender Performance Variations 

 

Figure 5. 8: Gender Variation in PiCSOR aptitude performance. 

Male gender was significantly associated with an improved PicSOR aptitude 

(p=0.032). This resulted in male participants scoring a mean of 57.8 ± 29.3 

compared to 30.2 ± 22.1 for their female counterparts (figure 5.8). 

 

Figure 5. 9: Gender Variation in Task 1 Performance. 

As PiCSOR similarly correlated with the metric EoM of the dominant instrument 

in task 1, male gender demonstrated significantly higher performance in this 

task metric (p=0.019, figure 5.9) 
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Figure 5. 10: Gender Variation in Task 2 Performance. 
 

As PiCSOR similarly correlated with the accuracy rate of applied clips in task 2, 

male gender demonstrated significantly higher performance in this task metric 

(p<0.001, figure 5.10). 

 

Figure 5. 11: Gender Variation in Task 4 Performance. 

As PiCSOR similarly correlated with the time cautery applied to incorrect bands 

in task 4, male gender demonstrated significantly higher performance in this 

task metric (p=0.005, figure 5.11). 

 

5.4.4  Competitive Personality Level and Baseline Laparoscopic Metrics 

Revised competitive index demonstrated significant correlations with 

laparoscopic metrics in every task performed. These were reflected in higher 
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average speeds of the non-dominant instrument (task 1, 2), higher path length 

of the dominant instrument (task 2-4), higher path length of the non-dominant 

instrument (task 2), lower economy of movement of the dominant hand (task 2) 

and higher number of movements of the dominant instrument (task 4). 

 

5.4.5 Aptitude and Baseline Laparoscopic Metrics 

The aptitude tests PicSOR, Card Rotations and Cube Comparisons shared 

similar significant correlations with a number of laparoscopic performance 

metrics across the majority of tasks performed (table 5.2.-5.5.).  

These included: number of movements with the dominant instrument (task 1) 

rs=-0.48 to -0.57 (p<0.05), accuracy rate of applied clips (task 2) rs= 0.50-0.61 

(p<0.05), number of movements with the non-dominant instrument (task 4) rs=-

0.45 to -0.51 (p<0.05) and time to task completion (task 4) rs=-0.48 to -0.55 

(p<0.05).  The grooved-pegboard (PEG) and map-planning aptitudes 

demonstrated no significant correlations with any performance metric of the four 

tasks.  

 

5.4.6 Other Fundamental Predictors 

Musical instrument experience is significantly correlated with the speed of 

dominant or non-dominant instrument movement in several tasks, rs=0.47-0.78 

(p<0.05). These included tasks two, three and four. However, none of the 

aptitude tests significantly correlated with non-dominant instrument speeds. 

Sporting background in this study cohort was not found to have any significant 

associations with any laparoscopic metric.  
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Table 5. 2: Laparoscopic Task 1 and Performance Correlations 

 

 

 

 

 

 
Accuracy 
Rate 
Targets 

No. 
Movements 
Dominant 

No.  
Movements 
Non-Dominant 

Path 
Length 
Dominant 

Path  
Length Non-
Dominant 

EoM 
Dominant 

EoM Non- 
Dominant 

Avg Speed 
Dominant 

Avg Speed 
Non-
Dominant 

Total 
Time 

PicSOR 0.303 -0.475* -0.338 -0.394 -0.242 0.530* 0.096 -0.495* -0.101 -0.215 

PEG -0.155 0.135 0.079 0.048 -0.136 0.144 0.120 0.041 -0.152 0.142 

Card Rotations 0.390 -0.458* -0.297 -0.376 -0.098 0.342 -0.099 -0.290 0.214 -0.310 

Cube Comparisons  0.381 -0.574** -0.337 -0.433 -0.122 0.361 -0.028 -0.300 0.224 -0.308 

Map Planning  -0.034 -0.264 -0.431 -0.266 -0.422 0.200 0.263 -0.208 -0.138 -0.368 

Musical experience 0.122 -0.024 0.192 0.075 0.213 -0.165 -0.336 0.285 0.281 0.041 

Sports Background -0.234 0.267 0.207 0.295 0.119 -0.419 0.013 0.328 -0.152 0.410 

Revised Competitive 
Index 

0.284 0.112 0.295 0.119 0.433 0.177 -0.204 0.235 0.647** 0.255 

r value, *p<0.05, **p<0.01. EoM=Economy of Movement 
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Table 5. 3: Laparoscopic Task 2 and Performance Correlations 

 

 

 

 

 
Accuracy 
Rate 
Clips 

No. Movements 
Dominant 

No. Movements 
Non-Dominant 

Path Length 
Dominant 

Path Length 
Non-
Dominant 

EoM 
Dominant 

EoM Non- 
Dominant 

Avg Speed 
Dominant 

Avg Speed 
Non- 
Dominant 

Total 
Time 

PicSOR  0.563** -0.475* -0.364 -0.177 -0.120 0.485* 0.248 0.059 0.071 -0.392 

PEG -0.381 0.209 0.184 -0.089 -0.055 -0.003 -0.145 0.009 -0.156 0.222 

Card Rotations 0.606** -0.563** -0.447* -0.105 -0.135 0.306 0.517* 0.139 0.272 -0.562** 

Cube 
Comparisons  0.504* -0.400 -0.317 -0.046 -0.086 0.276 0.401 0.086 0.207 -0.403 

Map Planning  -0.025 0.070 0.039 0.056 -0.022 -0.031 -0.011 0.200 -0.122 0.183 

Musical 
Experience -0.021 0.027 0.110 0.123 0.199 -0.082 0.000 0.210 0.470* -0.110 

Sports 
Background 0.087 0.006 0.000 -0.183 0.041 0.120 -0.132 -0.213 -0.061 -0.032 

Revised 
Competitive Index -0.057 0.439 0.400 0.609** 0.520* -0.535* -0.289 -0.124 0.578** 0.204 

r value, *p<0.05, **p<0.01.  EoM=Economy of Movement 
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Table 5. 4: Laparoscopic Task 3 and Performance Correlations 

 

 

 

 

 

 
No. 
spheres 
collected 

No. 
Movements 
Dominant 

No. 
Movements 
Non-Dominant 

Path Length 
Dominant 

Path Length 
Non-
Dominant 

EoM 
Dominant 

EoM Non- 
Dominant 

Avg Speed 
Dominant 

Avg Speed 
Non-
Dominant 

Total 
Time 

PicSOR  0.256 -0.407 -0.155 -0.425 -0.129 0.414 -0.025 -0.080 -0.058 -0.304 

PEG -0.349 -0.036 0.207 -0.087 0.240 0.073 0.519 -0.161 0.009 0.236 

Card Rotations 0.073 -0.232 0.044 -0.147 0.169 0.009 -0.214 0.138 0.280 -0.083 

Cube Comparisons  0.118 -0.345 -0.026 -0.280 0.103 0.200 0.007 0.148 0.239 -0.263 

Map Planning  0.383 -0.044 0.250 -0.238 0.117 -0.169 -0.392 -0.409 -0.286 0.420 

Musical Experience -0.248 -0.027 0.206 0.027 0.494* -0.069 -0.007 0.443 0.784** 0.014 

Sports Background 0.017 0.241 -0.076 0.128 -0.028 -0.125 -0.555 0.065 0.240 0.188 
Revised Competitive 
Index -0.421 0.282 0.291 0.457* 0.089 -0.266 0.104 0.470* 0.054 0.120 

r value, *p<0.05, **p<0.01. EoM=Economy of Movement 
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Table 5. 5: Laparoscopic Task 4 and Performance Correlations 

 

 

 

 
Accuracy 
Rate Target 
Bands 

No. 
Movements 
Dominant 

No. Movements 
Non-Dominant 

Path Length 
Dominant 

Path Length 
Non-
Dominant 

Avg Speed 
Dominant 

Avg Speed 
Non-
Dominant 

Time Cautery 
non-target 
bands 

No. Non-
target 
bands cut 

Total 
Time 

PicSOR  0.282 -0.456* -0.449* -0.326 -0.537* 0.094 -0.327 -0.372 -0.283 -0.467* 

PEG -0.200 0.303 0.338 0.088 0.169 -0.325 -0.102 -0.047 0.202 0.434 

Card Rotations 0.093 -0.503* -0.478* -0.141 -0.441 0.484* -0.016 -0.309 -0.094 -0.551* 
Cube 
Comparisons  0.284 -0.385 -0.513* -0.024 -0.426 0.473* -0.057 -0.212 -0.285 -0.542* 

Map Planning  0.256 -0.180 0.096 0.051 0.003 0.045 -0.225 0.155 -0.257 0.083 
Musical 
Experience -0.017 -0.041 -0.247 0.226 0.082 0.532* 0.492* 0.273 0.017 -0.267 

Sports 
Background 0.130 -0.043 -0.345 -0.273 -0.064 -0.116 0.098 0.062 -0.130 -0.102 

Revised 
Competitive 
Index 

0.036 0.516* 0.271 0.467* 0.372 0.273 0.429 -0.040 -0.037 0.313 

r value, *p<0.05, **p<0.01. 
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 Methods (phase #2)  

5.5.1 Participants 

This prospective longitudinal phase of the study took place between November 

2016 and April 2017. Participants were recruited under the same methodology 

as phase 1 but from a subsequent study year. Those eligible completed an 

extensive baseline survey and evaluation of VSA, perceptual and PMA 

aptitudes as previously defined.  

 

5.5.2 Inclusion Criteria 

Eligible participants were required to lack any history of manual laparoscopic 

activity (live or simulated). 

 

5.5.3 Exclusion Criteria 

As previously defined, exclusion criteria included minors (<18 years old) and 

those with manual experience with laparoscopy (live or simulated). However, no 

limitation to background video-gaming experience was imposed. Participants 

that failed to complete a period with this study phase were ineligible to proceed 

to the next period and were withdrawn from the study. 

 

5.5.4 Acquisition Phase 

As one of the most validated laparoscopic programmes internationally, the tasks 

incorporated in FLS provide an ideal foundation for study. A standardised 

orientation to laparoscopy, instrument ergonomics and demonstration videos of 

the five tasks (figure 5.12) of the fundamentals of laparoscopic surgery (FLS, 

Society of American Gastrointestinal and Endoscopic Surgeons, California, 

USA) were provided to all eligible participants. These tasks originated from the 

MISTELS programme (McGill inanimate system for training and evaluation of 

laparoscopic skills (Derossis et al., 1998; Society of American Gastrointestinal 

and Endoscopic Surgeons (SAGES), 2018)): 
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Figure 5. 12: Laparoscopic tasks: (a) Task 1 Peg Transfer, (b) Task 2 
Precision Cutting, (c) Task 3 Ligating Loop, (d) Task 4 Suture with an 

Extracorporeal Knot, (e) Task 5 Suture with an Intracorporeal Knot 

o Task 1 Peg Transfer: Six rubber objects were orientated on the non-

dominant aspect of a 12-item pegboard. Using two Maryland 

instruments, the objects were lifted off the pegs, transferred airborne to 

the dominant instrument and placed on a free peg on the board’s 

dominant aspect. Once all rubber objects were transferred across, the 

process is reversed using the dominant instrument initially. 

o Task 2 precision cutting: A 10 × 10 cm square gauze with a marked 

circle was fixed on one edge using a jumbo-clip, with the opposite 

corners under tension using two velcro-assisted alligator clips. Using a 

maryland for assistance, the circle is excised as precise to the line of 

demarcation, with laparoscopic scissors. 

o Task 3 ligating loop: A marked three-prong foam appendage was fixed 

using a jumbo-clip with the appendages pointing towards the user. With 

the assistance of a laparoscopic-grasper or maryland, a pre-tied 

endoloop is placed as close to the mark on the appendage and then cut 

using laparoscopic scissors. 

o Task 4 suture with an extracorporeal knot: a penrose drain with pre-

marked circular targets was placed on a velcro suture-block. Using two 

needle drivers, a 90 cm suture was placed through the penrose targets. 

Three knots were thrown extra-corporeally and pushed down individually 
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to the penrose drain using a knot pusher. Laparoscopic scissors were 

used to cut the suture within the box. 

o Task 5 suture with an intracorporeal knot: the pre-marked penrose 

drain was positioned as in task 4. Using two needle drivers a 15 cm 

suture was placed through the penrose targets, and three knots were 

placed intracorporeally: a surgeon’s knot followed by two single knots, 

and then cut. 

Each task was timed and errors recorded for penalties including the number of 

non-transferred pegs (task 1), % deviation from a perfect circle (task 2), marker 

deviation (tasks 3–5) and security of knots (tasks 3–5). 

Participants performed a baseline attempt of the five FLS tasks in sequence 

under test conditions without direction. Following this assessment, the 

remainder of the two hours and 15-minute session involved hands-on guidance 

and live demonstrations of the five FLS tasks from the tutor. Following a one-

week interval, the second session involved intensive hands-on training of the 

same tasks with tutor guidance and direct feedback. The week one and two 

sittings amounted to a total of 270 min manual laparoscopic practice. The 

teaching sessions were performed using Tele Pak X displays (Karl Storz, 

Tuttlingen, Germany) and inanimate box trainers, as described in Chapter 2. 

A fixed 0° camera was used for the study, an elevation angle of 60°, a 

manipulation angle of 58°, equal azimuth angles and a distance between ports 

measurement of 17.8 cm for the box-trainer setups. This was performed to 

ensure continuity and similar FLS Box-trainer standards (O'Donnell, 2014). 

 

5.5.5 Post-Training Assessment and Maintenance Phase 

At the third week, participants were re-examined individually on the five FLS 

tasks under test conditions without guidance. Individuals were withdrawn from 

further laparoscopic exposure for the remainder of this study and re-tested at 

designated one-month intervals for the subsequent four months. During this 

maintenance phase, participants performed the same five FLS tasks without 

direction. All individual task times and completion capabilities were recorded at 
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task completion, and error penalties (tasks 2–5) calculated retrospectively. 

Participants were unaware of previous performance scores. 

 

5.5.6 Task Scoring 

Tasks were scored according to established formulas, and score penalties for 

designated errors within each task were incorporated (Fraser et al., 2003). 

Scores were normalised according to previous research methodologies 

obtained from chief resident expert performances (Fraser et al., 2003; Vassiliou 

et al., 2006). As described in the literature, these were maximum scores 

achieved by a chief resident (PGY5) in each given task (task 1 = 237, task 

2 = 280, task 3 = 142, task 4 = 297, task 5 = 520) (Fraser et al., 2003). The tasks 

incorporated strict time limits which were adhered to during the maintenance 

phase (task 1 = 300 s, task 2 = 300 s, task 3 = 180 s, task 4 = 420 s, task 5 = 600 

s) but time allocations were doubled during the acquisition phase and 

normalized scores adjusted accordingly. This was performed to further 

distinguish performance amongst the surgically naïve. During the post-training 

assessment, the progress of the individual was noted in each task for both FLS 

and modified time restrictions. Participants unable to complete or that acquired 

a negative score for a given task were allocated zero. 

 

Normalised score= 

[(task	time	limit − time	spent) − penalty	score]
(maximum	chief	resident	score	for	designated	task) 	x	100 

 

5.5.7 Statistical Analyses 

Statistical and quality analyses were performed using SAS® Version 9.3 (SAS 

Institute Inc, Cary, NC, USA). A repeated measures analysis (linear mixed-

effects model) scrutinised task performance metrics with abilities (VS, 

perceptual, PMA), non-surgical experiences and time-point metrics as fixed 

effects and the participant as a random effect. A simple covariance matrix was 

used assuming independence of participants (i.i.d). Wilcoxon signed-rank test 
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analysed for the degree of significance between time points and Student’s t-test 

was performed for sub-group comparisons where appropriate. A p-value at the 

5% level (two-tailed) was deemed statistically significant. No corrections for 

multiple-testing were performed. 
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 Results (phase #2) 

Forty-nine eligible participants attended the induction and were enrolled at 

baseline. A further two individuals were ineligible for participation due to 

previous experience with a laparoscopic simulator. 35 (71.4%) participants 

completed the acquisition phase, and 33 (67.3%) completed the subsequent 

maintenance phase (figure 5.13). The majority of attrition (87.5%) occurred 

during the acquisition phase, with waning interest or the time-demanding 

schedule conceivable determinants. 

 

Figure 5. 13: Participant Flow 

 

5.6.1 Baseline Characteristics 

The mean age of participants was 19.3 ± 1.2 years with 68.6% female 

predominance (table 5.6). All participants were active foundation and 1st-year 

medical students without manual laparoscopic experience. 85.7% of 

participants were right-hand dominant. There was a high interest in surgical 

practice amongst participants (mean response 70.1%) and a mean self-

perceived dexterity level of 60.8%. The majority reported a degree of active 

extracurricular experience with video-gaming (57.1%), musical instrument 

experience (54.3%) or sporting activities (85.7%). 
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Table 5. 6: Participant Demographics and Cognitive Aptitudes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.6.2 Acquisition Phase 

A significant median change (p < 0.001) in performed tasks was present overall 

of 105.31 and demonstrated across all five tasks in the acquisition phase. 

These significant changes (p < 0.05) in median values amount to 18.75, 21.14, 

6.21, 38.91 and 36.69 in tasks 1–5 respectively (table 5.7). At baseline and 

post-training assessments, no participant demonstrated a superior score in any 

task compared to the predefined expert score. 22 (62.9%) of the participants at 

baseline and 9 (25.7%) of the same individuals at post-training assessment, 

were incapable of completing one or more tasks within the modified time 

restrictions. These were predominantly the more complex tasks of extra and 

intracorporeal knot completion in which 3 (8.6%) and 6 (17.1%) of all 

participants, respectively, remained incapable of completing these tasks despite 

Variable Total 
(n=35) 

Sex (Female) 24 (68.6) 

Age (years) 19.3 ± 1.2 

Hand Dominance (Right) 30 (85.7) 

Visual Impairment (Yes) 22 (62.9) 

Expressed interest in Surgery 70.1 ± 20.2 

Self-Perceived Dexterity Level (SPDL) 60.8 ± 15.2 

Revised Competitive Index Score 47.0 ± 8.3 

Video-gaming 

Frequency 

None (0hours/week) 

Rarely (<1hours/week) 

Sometimes (1-3hours/week) 

Frequently (3-7hours/week) 

Often (>7hours/week) 

15 (42.9) 

14 (40.0) 

4 (11.4) 

0 (0.0) 

2 (5.7) 

Musical Instrument 

Experience 

None 

Currently Play 

Perform with Distinction 

16 (45.7) 

9 (25.7) 

10 (28.6) 

Sporting Activity None 

Occasional 

Active with Local Team 

Perform with Distinction 

5 (14.3) 

23 (65.7) 

3 (8.6) 

4 (11.4) 

Aptitude Score- PicSOR  43.0 ± 29.4 

Aptitude Score- Grooved Pegboard (sec) 64.1 ± 6.2 

Aptitude Score- Card Rotations  78.4 ± 24.4 

Aptitude Score- Cube Comparisons 23.7 ± 6.7 

Aptitude Score- Map Planning 16.4 ± 6.1 

n (%) for categorical data, mean ± SD for continuous. 
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modified FLS time-allowances (a two-fold increase). The nine poorly performing 

individuals (identified as Group A henceforth) demonstrated a significantly lower 

CR ability (mean 63.9 vs 83.5, p = 0.036) and a significantly lower CC ability 

(mean 20.8 vs 24.7, p = 0.018).
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Table 5. 7: Analysis of Interphase Performance Variations

 Acquisition Phasea  Maintenance Phaseb 

Variable Baselinea 
(n=35) 

Post-
Traininga 
(n=35) 

p-value* 
 Post-

Trainingb 
(n=33) 

Month 4b 
(n=33) p-value* 

Task 1 Peg Transfer 52.76 
[27.0] 

71.51  
[20.42] 0.001  35.44  

[47.82] 
67.51  
[24.68] <0.001 

Task 2 Precision 
Cutting 

32.97 
[40.77] 

54.11  
[8.06] <0.001  4.95  

[12.45] 
51.01  
[27.55] <0.001 

Task 3 Ligating Loop 81.99 
[25.78] 

88.20  
[15.53] 0.031  74.65  

[34.51] 
84.51  
[21.83] 0.002 

Task 4 
Extracorporeal Suture 

28.87 
[39.61] 

67.78 
[15.34] <0.001  22.22  

[36.36] 
53.20 
[36.20] <0.001 

Task 5 Intracorporeal 
Suture 

26.52 
[48.04] 

63.21 
[32.32] <0.001  19.62  

[35.67] 
46.15  
[44.04] <0.001 

Combined Tasks 217.62 
[128.80] 

322.93  
[78.53] <0.001  138.28  

[82.82] 
286.63 
[82.89] <0.001 

Median [IQR], a corrected for extended time, b FLS time restrictions, *Wilcoxon Signed-Rank Test 
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The extracorporeal knot procedure (task 4) demonstrated the highest degree of 

overall score acquisition (change in median value) followed by task 5. 

Nevertheless, the results indicate that the precision cutting and intracorporeal 

tasks represented the most difficult tasks amongst participants, relative to 

expert score. 

 

5.6.3 Maintenance Phase 

A significant change in performance (p < 0.05) was present during the 

maintenance phase with an overall median change of 148.35. The most 

significant change was noted between the one and two-month periods (figure 

5.14). These significant changes (p < 0.01) in median values were 32.07, 46.06, 

9.86, 30.98 and 26.53 in tasks 1–5 respectively (table 5.7). 

 

 

Figure 5. 14: Trends (boxplots and means) in Acquisition and Maintenance 
Phases for Overall and Individual Task Performance 

 

Of 1010 task measured time points, participants reached expert performance in 

9 (0.89%) events. These occurred at month two and three maintenance periods 
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but were subsequently not sustainable. These were all within task 3 (ligating-

loop task), where participants scored the highest median performances across 

all time points followed by task 1. Within Group A, eight of the nine individuals 

remained in the study until completion. Three remained incapable of completing 

one or more tasks throughout the maintenance phase while a further three 

become capable after month-one and capability persisting thereafter. 

 

5.6.4 Performance Associations with Visuospatial Abilities 

The VSA test CR demonstrated a significant association (p < 0.05) with 

performance in overall tasks and specifically for task 5 intracorporeal knot within 

the acquisition phase (table 5.8). Similarly, during the acquisition phase, CC 

demonstrated a significant association with performances for task 4 

extracorporeal knot. 



170 
 

 

Table 5. 8: Mixed Model Analysis of Predictors of Task Acquisition and Maintenance 

 

 

 

 

 Acquisition Phase (n=35)  Maintenance Phase (n=33) 
Variable Task 1 Task 2 Task 3 Task 4 Task 5 Task 

Sum 
 Task 1 Task 2 Task 3 Task 4 Task 5 Task 

Sum 
Cube Comparisons 0.546 0.427 0.361 0.996* 0.425 2.754  0.843* 0.785† 0.482 0.862‡ 1.179† 4.151‡ 
Card Rotations 0.208 0.027 0.108 0.214 0.319* 0.876*  0.278† 0.189* 0.176* 0.203† 0.369† 1.214‡ 
Map Planning 0.181 0.467 -0.259 -0.163 0.497 0.723  0.434 0.516 0.359 0.500 0.307 2.115 
PicSOR  0.027 0.053 0.101 -0.069 0.128 0.240  0.206* 0.093 0.045 0.058 0.132 0.533 
Grooved Pegboard  -0.224 -0.414  -0.542 0.196 0.090 -0.894  -0.929* -0.413 -0.614* -0.179 -0.331 -2.465 
Video gaming Activity # 0.526 -4.053 -0.510 2.671 3.725 2.360  12.153* 1.812 6.582 3.709 14.123* 38.379* 

Sporting Background # -10.751 -11.269 -6.511 4.596 -2.034 -
25.970 

 -13.103 -3.245 -7.834 -2.321 -10.486 -36.989 

Musical instrument 
Experience # 10.410* 1.486 -2.036 5.252 14.783* 29.894  5.236 -0.238 1.537 0.003 8.635 15.173 

Revised Competitive 
index -0.096 0.019 -0.523 0.138 0.330 -0.132  0.035 0.115 -0.156 0.085 -0.314 -0.236 

SPDL 0.320 -0.044 -0.192 0.005 0.441 0.530  0.340* 0.025 -0.000 -0.100 0.186 0.450 
Surgical interest 0.014 -0.224 -0.293* -0.052 -0.122 -0.677  0.020 -0.108 -0.113 -0.187 -0.104 -0.493 
Estimates, *p<0.05, †p<0.01, ‡p<0.001, #binary comparison (yes/no), SPDL=Self Perceived Dexterity Level.  



171 

 

CR demonstrated significant (p < 0.05) associations with performance across all 

tasks in the maintenance phase (table 5.8). During this period, CC 

demonstrated a significant association (p < 0.05) with performance in tasks 1, 2, 

4 and 5. On further analysis of CR and CC, both predicted a somewhat linear 

relationship (figure 5.15) with task performances in the maintenance period, 

depending on the quartile of ability performance. 

 

Figure 5. 15: Maintenance Phase Trends in Performance According to 

Aptitude Quartile (mean) 

 

5.6.5 Perceptual and Psychomotor Abilities 

During the maintenance phase: PicSOR test demonstrated significant (p < 0.05) 

associations with task 1 and the grooved pegboard for tasks 1 and 3. 

 

5.6.6 Performance Associations with Non-Surgical Experiences 

Analysis of non-surgical experiences revealed that those with musical 

instrument experience demonstrated a significant (p < 0.05) positive association 

with skill acquisition in tasks 1 and 5 (table 5.8). During the maintenance phase, 

video gamers demonstrated significant associations with performance in task 1, 

task 5 and combined tasks (p < 0.05). Sporting background, competitive 

personality traits and demographics including age, gender, hand dominance 
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and visual impairment (corrected), revealed demonstrated no significant 

associations with laparoscopic task performances at any time point. 

 

 Discussion 

This dual phased study, conducted over a combined total of six months, aimed 

to investigate for predictors of laparoscopic skill at baseline, acquisition and 

maintenance periods. The study satisfied the primary research aim by 

demonstrating that multiple psychomotor abilities and non-surgical experiences 

predict a positive association with laparoscopic skills. These included not only 

VSA and PMA aptitudes but the fine-motor experiences of musical instrument 

and video-gaming activity, thereby satisfying the primary and secondary aims of 

this study. The short course of training during phase 2, resulted in a significant 

improvement in performance across all laparoscopic tasks and provided 

evidence that 1-month interval exposure was associated with maintenance of 

laparoscopic skills. 

The concept of being ‘born to be a surgeon’ has been significantly challenged in 

the twenty-first century as mounting evidence suggests a complex mix of factors 

influence the acquisition of skills, rather than a constitutional skillset existing in 

the armamentarium of a surgical novice. Stefanidis determined multiple 

laparoscopic performance correlations amongst surgical trainees for VSA (Rey 

figure and MP), PMA (grooved pegboard and finger tap) and non-surgical (video 

gaming and billiards) experiences (Stefanidis et al., 2006a). On extensive 

review (Louridas et al., 2016), inconsistent outcomes were demonstrated 

between most ability tests and laparoscopy, with many task-specific and few 

(PicSOR and grooved pegboard) reliable. This study supported many of these 

findings but further identified VSA tests (CC and CR) as predictors of 

performance, notably within skill maintenance. Furthermore, many of this 

study’s associations were task-specific, suggesting that individual tests may 

predict distinctive and varying abilities and may not be elucidated across a 

limited spectrum of tasks. While a number of variables influenced performance 

in a variety of exercises for both dominant and non-dominant instruments, no 

distinct ability demonstrated consistency throughout study periods and tasks. 

Similar to other research (Kramp et al., 2016), the predictive power of our ability 
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tests was also low, suggesting they should be used collectively rather than in 

isolation for anticipating performance.  

Higher competitive personality (revised competitive index) was not associated 

with improved laparoscopic performance. In fact, during the phase one cross-

sectional study, a higher level of competitiveness was significantly associated 

with less proficiency of instrument movements at baseline (higher path length of 

instruments, a higher number of movements of the dominant instrument and 

lower economy of movements of the dominant instrument [task dependent]). 

Furthermore, during phase two, the prospective cohort study, level of 

competitiveness did not significantly impact on the acquisition or maintenance 

performance of any of the five laparoscopic tasks examined. While rivalry and 

competition may stimulate higher goal orientated performances as outlined in 

Chapter 3, this study has demonstrated that higher competitive personalities do 

not positively impact task performance.  

The perceptual test PicSOR was first analysed with laparoscopic performances 

over a decade ago (Gallagher, 2003) and subsequently found to have 

significant correlations with novice endoscopic skill metrics (Paschold et al., 

2011). This PicSOR ability or ‘pictorial perception’ varies amongst surgeons and 

may be influenced by a number of factors (Gallagher and O’Sullivan, 2011). 

Other research (Stefanidis et al., 2006a), found no association with PicSOr or 

cube comparison on the baseline or future acquisition of laparoscopic skills. 

However again, the potential confounding effects of video gaming or its co-

influence on aptitude are challenging to isolate. This is further compounded by 

the higher perceptual and visuospatial aptitudes discovered in video gamers 

versus non-gamers (Buckley et al., 2014a; Kennedy et al., 2011). Furthermore, 

the phase 1 study demonstrated a common performance theme amongst 

PicSOR, cube comparisons and card rotation aptitudes. These aptitude tests 

predicted first-time laparoscopic performance in surgically naïve individuals and 

may share similar cognitive demands. 

The dexterity performances of the grooved pegboard demonstrated no 

correlations with laparoscopic metrics in any baseline task measured in this 

study, which is consistent with the hypothesis that laparoscopy has multiple 

demands and not purely motor skills. This lack of association for first time 
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laparoscopic VR performance is consistent with other published data 

(Stefanidis, 2006). However, research has demonstrated that dexterity 

performances predicted a significant improvement in training time and the 

number of repetitions. Interestingly, this prediction was more strongly 

associated with video games experience (Stefanidis et al., 2006a). During this 

study’s maintenance period, the grooved pegboard demonstrated a significant 

positive correlation with task one and three performances. This was associated 

with improved performance over the four-month maintenance period.  

Male gender was a significant factor in improved PicSOR score amongst our 

participants in phase one testing. Although previous research has demonstrated 

gender differences in baseline laparoscopic performance (Madan et al., 2008; 

White and Welch, 2012), this study has discovered a potential explanation for 

this association. Observational and randomised studies have demonstrated 

positive findings between video gaming and laparoscopy (Louridas et al., 2016; 

Ou et al., 2013; Stefanidis et al., 2006a; Jalink et al., 2014b), similar to this 

study. Rosser demonstrated performance advantages in surgeons with video 

gaming experience of > 3 h/week (Rosser et al., 2007). Regarding musical 

instrument activity, research (Madan et al., 2008) demonstrated improved but 

non-significant performance in those with experience. These fine-motor 

activities may promote ‘neural plasticity’ (Pascual-Leone et al., 2005), facilitating 

a degree of skills transferability to laparoscopic tasks. General sporting 

experiences (an indicator of gross motor activity) and competitive personalities 

demonstrated no performance benefits in this study. Without the significant 

influence of video gaming or previous laparoscopic experience (Rosser et al., 

2007; Ou et al., 2013), one may hypothesise that the phase one participants in 

the current study represent a purer, more naïve cohort. The effects of aptitude 

examined at baseline may be more defined due to a demographically 

homogenous cohort with less confounding variables. 

While this study corroborates previous evidence that laparoscopic exposure at 

one-month intervals maintains skills (Van Bruwaene et al., 2013), the frequency 

may also promote neural strengthening and improved task performances. 

Research (Connor et al., 2016), demonstrated progressively improved 

performance in laparoscopic tasks most predominant in the first nine repetitions 

and minimal degradation due to lapse in practice. The deduction that repetitive 
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task exposure has a more defined impact than lack of exposure (Connor et al., 

2016) is supported by the findings of the present study. The progressive 

improvement in task performance within the maintenance period may also be 

attributable to such factors as: (1) physical tasks are less prone to skill 

degradation than cognitive tasks (Arthur et al., 1998), (2) consolidated skills or 

motor memories may withstand degradation for over five months post-training 

(Shadmehr and Brashers-Krug, 1997) and (3) relatively high retention of 

laparoscopic skills over the subsequent year period (Sant'Ana et al., 2017; 

Mashaud et al., 2010; Stefanidis et al., 2006b; Castellvi et al., 2009; Stefanidis 

et al., 2005; Maagaard et al., 2011). The delineation of an overall learning curve 

associated with laparoscopic skill acquisition has been illustrated in the 

literature (Buckley et al., 2013; Buckley et al., 2014a), but the evaluation of a 

skill-degradation curve remains to be described. The investigation of such 

retention may require multiple groups with a staggered frequency of interval-

assessments to avoid the effects of retraining or short-term ‘motor-memory’ 

associated with task exposures. 

The strengths of this research lie in its generalisable nature. All participants 

were laparoscopically naïve medical students who may proceed to surgical 

careers in the near future. With similar motor experiences likely amongst our 

sample population and surgical residency applicants, we envisage no reasons 

to limit the extrapolation of results. Multiple studies suggest an absence of self-

selection amongst surgical trainees based on technical aptitude (Panait et al., 

2011; Langlois et al., 2015; Cope and Fenton-Lee, 2008). This raises the 

question of not only selecting but additionally recruiting and encouraging trainee 

applications amongst individuals with exemplary aptitude. This could vindicate 

the significant postgraduate training costs for institutes (Bridges and Diamond, 

1999; Harrison and Shalhoub) and trainees (O'Callaghan et al., 2017), while 

current attrition rates in surgical residency remain at almost 20% (Yeo et al., 

2017). 

With influencers such as musical instrument experience affecting laparoscopic 

metric outcomes independently of aptitude performance, there may be a role in 

incorporating these non-academic or ‘special skill’ factors into the competitive 

surgical selection process for surgical training. This study has demonstrated 

that psychomotor and visuospatial aptitudes may not capture these ‘skilled’ 
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individuals and a more holistic approach to identifying suitable surgical 

candidates may be advantageous. 

The current study suggests that a multidimensional assessment of the 

fundamental characteristics of trial participants is essential in ensuring unbiased 

results. Failure to adequately assess or stratify participants for influential factors 

such as visuospatial aptitude, video gaming or musical instrument experience, 

may introduce inherent flaws to observational and randomised control studies in 

laparoscopy. Comparing extremes of the aptitude performance spectrum to 

generate conclusions, may also inherently introduce bias and false positive 

results (Stefanidis et al., 2015). 

The flaws associated with any single centre study must be appreciated in the 

analysis of the presented data.  By excluding moderate to high-frequency video-

gamers, over 57% of volunteers were excluded in phase one of the study. This 

may introduce an inherent selection bias to this phase as well as a low 

representation of the male gender. The relatively small participant numbers and 

attrition may introduce bias. Due to smaller numbers, a full representation of 

sports and musical experience may not have been achieved. As individuals self-

selected to participate, bias cannot be out ruled and the sample group may not 

adequately represent a student population. This may be further reflected in the 

female predominance of phase 2 participants and the high level of surgical 

interest and self-perceived dexterity levels amongst participants. The gender 

imbalance may have been influenced by the 58% female gender-predominance 

amongst medical entrants in Ireland (Higher Education Authority (HEA), 2017), 

thereby a full reflection of the spectrum of non-surgical experiences may not 

have been achieved. Furthermore, while extracurricular and video game 

experiences were evaluated using ranked Likert scales, the availability of 

validated and standardised scaling measurements was limited. 

The scoring of acquisition and maintenance phases were not analogous, with 

the design of distinguishing performance acquisition amongst surgically naïve 

participants. Due to this variance, comparing outcomes between study periods 

remains difficult. As absolute scores rather than proficiency measures were 

utilised in this study, comparisons with studies examining task proficiency are 

challenging. This was performed to standardise task exposures and because 
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real-time scoring of many tasks was not feasible. While proficiency-based 

training may highlight trainees requiring additional support during training, 

predictors of skill acquisition and maintenance may anticipate needs before, 

during and thereafter. 

As multiple time points were involved in the maintenance period, the predictive 

power may be more evident. The accumulated memory effect involved in the 

sequential assessment of tasks may also preference performance in the latter 

tasks, as a degree of warm-up may have ensued. As participants were rarely 

(0.089%) capable of reaching an expert score in a single task (ligating loop), 

this study would not support the use of absolute scores or cut-offs to distinguish 

competency. Instead, repeated demonstrations of proficiency as has been 

adopted by the FLS program are likely to differentiate skill levels. 

This study has demonstrated significant intra-aptitude performance amongst 

participants and similar task predictive outcomes. With a significant variety of 

aptitude tests in existence (Louridas et al., 2016), future functional MRI studies 

may be beneficial in analysing the complex interplay and likely overlapping 

cortical demands between these aptitudes, fine motor activities and minimally 

invasive surgery. In addition, research suggests that robotic skills may be easier 

to retain and transfer than laparoscopic skills (Orlando et al., 2017). However, 

there remains minimal knowledge of factors affecting the acquisition and 

retention of robotic skills. Further investigation of the effects of fine-motor 

activities such as video gaming or musical instrument experience amongst 

active laparoscopists may reveal benefits for the maintenance of skills. 

Furthermore, the association between cognitive aptitudes and long-term 

measures of technical outcomes within surgical residency remains to be 

explored. 

In summary, this study has demonstrated multiple predictors of laparoscopic 

skill development and maintenance. These include not only distinct visuospatial 

abilities but non-surgical experiences such as musical instrument experience 

and video gaming activity. While individually of low predictive power, a battery 

of ability tests may be beneficial to evaluate trainees across the spectrum of 

surgical aptitude. Future consideration of a more holistic approach, 
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encompassing a multidimensional assessment for selection of surgical trainees 

to training programmes may produce surgeons of the highest quality. 
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The Impact and Voluntary Utilisation 

of a Laparoscopic Serious Game for 

the Development of Minimally 

Invasive Technical Skills 

 

Reprinted by permission from Springer Customer Service Centre GmbH: 

Springer Nature (Harrington CM, Chaitanya V, Dicker P, Traynor O, Kavanagh 

DO) Playing to your skills: a randomised controlled trial evaluating a dedicated 

video game for minimally invasive surgery. Surgical Endoscopy. copyright 2018, 

advance online publication, 14 February 2018 doi: 10.1007/s00464-018-6107-2 
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 Introduction 

6.1.1 Simulation and Training 

As detailed in Chapter 1, significant concerns have been expressed at the 

impact of global working time duty-hour restrictions and trainees’ operative 

exposure (Bell et al., 2009; Harrington et al., 2017b). The significant cost and 

time-factor relating to intraoperative resident training further compounds this 

issue (Bridges and Diamond, 1999). A specific cost analysis of Total Knee 

Replacements (TKR)  in North American teaching institutes determined a 

significant increase in financial costs ($30,311 ± $3,325 vs $23,116 ± $3,341) 

and operative time (190 ± 19 mins vs 145 ± 29 mins) attributable to the teaching 

of trainees (Lavernia et al., 2000). A heightened focus on developing and 

incorporating simulation platforms into surgical curricula is essential.  However, 

research suggests that despite mechanisms to improve accessibility, current 

surgical training resources may be significantly underutilised (van Dongen et al., 

2008), potentially due to lack of simulator availability, trainee’s time and interest 

(Chang et al., 2007). Access to these simulator resources is inherently limited 

due to their fixed locations within institutions and trainees’ working hour 

commitments within their training hospital remote from the training centre. 

Methods to engage and encourage trainees to utilise such resources are of high 

demand amongst surgical training committees and developers.  
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6.1.2 Serious Games 

 

Figure 6. 1: Stacked Venn Diagram of Serious Games and Simulation 

[Adapted with permission from (Kapralos et al., 2014) & (Becker and 

Parker, 2012)] 

Historically, the concept of video games occupying a role in education was 

counter-intuitive as they were commonly associated with negative features such 

as antisocial behaviour and poor academia (Boxer et al., 2015). Furthermore, 

their addictive behavioural qualities have earned inclusion in the latest draft 

(ICD-11) of the International Classification of Diseases (World Health 

Organisation, 2018). However, their engaging, immersive features and motor 

skill demands may also be ideal qualities for an educational curriculum such as 

surgical training. Video gaming is inherently and intricately tied to simulation 

designs (figure 6.1). Utilising positive qualities of video games is not novel as a 

concept. In fact, over 50 years ago it was incorporated into education (Harrison, 

1964). The term ‘serious games’, has now been devised to describe video 

games with education as the primary purpose (Michael and Chen, 2006). 

Twelve years later, however, a more appropriate definition for serious games 

would be ‘games in which enjoyment and entertainment are not the primary 

purposes’. 
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Figure 6. 2: Venn Diagram of Serious Games Architecture [Adapted with 

permission from (Frederick, 2016) & (Fligby, 2018)] 

 

This more modern definition (figure 6.2) would encompass not only serious 

games with an educational purpose but those ‘exergames’ that encourage 

motor acquisition or ‘gamercising’- a term coined for games that promote fitness 

or health. The motivational aspects and psychomotor qualities of serious games 

have been recognised and applied in healthcare, not only for patient pedagogy 

and rehabilitation but the education of the care workers. This electronic game-

based learning may appeal to healthcare audiences through a number of 

channels: 

o Entertainment- The enjoyable and engaging design features may satisfy 

many aspects of a flow experience (Csikszentmihalyi, 1997), while 

providing a sense of accomplishment from the challenges. 

o Instantaneous Feedback- the gamification or scoring of performances 

provides immediate feedback and a set of challenges, competitions or 

obstacles to overcome (Gregory, 2008). A competitive dynamic has 

previously demonstrated positive impacts on behavioural activities 

(Harrington et al., 2017b). 

o Immersion- Due to the engaging features, levels of attentiveness may 

remain high or encourage the development of such features (Boot et al., 

2008), which may be advantageous compared to traditional educational 

formats. 
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o Active involvement- Rather than a passive observative experience, 

video-gaming demands dynamic involvement which may be beneficial to 

higher order learning (Dale, 1946). 

 

Table 6.1 outlines a summary of current serious games targeted at healthcare 

professionals
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Table 6. 1: Serious Games Applications for Medical Professionals 

Study Serious Game Learning Outcome Platform Audience Study Design Study Findings 
(Andreatta 
et al., 2010) 

Disaster Triage 
(Serious & 
'Exergame') 

To learn and 
simulate the methods 
involved in mass 
disaster triaging 

VR Cave 
Multi-Player 
(MP) 

Emergency Medicine 
(EM) Staff 
 

 

Randomised Controlled Trial  
PGY 1-4 EM trainees (n=15) 
START algorithm protocol for 
simulated mass disaster VR vs 
Standard Patient (SP) Pre & Post-
test MCQ 

The Serious Game/simulation provided 
a comparable simulation environment 
to the simulated patient scenarios 
Small effect size in favour of the VR 
triage scores 
Large effect size post-test in favour of 
SP. 

(Boeker et 
al., 2013) 

Uro-island 
(Serious Game) 

To learn the steps 
and diagnosis of 
urine contrast 
microscopy 

Computer 
Single-
player (SP) 

Urology Interns/ 
Medical Students 
(MS)  

Randomised Controlled Trial  
3rd year MS (n=145) Game-based 
learning vs Traditional Script 
Post-test True/False question bank 

A large effect size in scores and 
feedback attitudes detected in favour of 
the intervention group 

(Bowyer et 
al., 2008) 

Pulse (Serious 
Game) 

To rehearse, 
diagnose, treat and 
manage a variety of 
patient case 
scenarios in an 
Intensive Care Unit 

Computer 
Single-
player 
(SP) 

Intensive care and 
Medical Staff 
 

 

A descriptive piece of game design An immersive multifunctional game 
based in a naval intensive care unit 
requiring users to manage the clinical 
requirements of a set of patient 
scenarios 

(Bowyer et 
al., 2008) 

3DiTeams 
(Serious Game) 

To rehearse and 
develop 
communication and 
team training skills  

Computer 
Multi-Player 
(MP) 

Emergency Staff   A descriptive piece of the game 
design 

Game setting based in a military 
emergency room targeting team 
training for multiple patient scenarios. 

(Chan et 
al., 2012) 

Ultrasound-
guided needle 
placement 
(Exergame) 

To develop needle 
placement skills and 
techniques 

Computer, 
Haptic 
Device, 
Transducer 
Single-
player (SP) 

Interventional 
Radiology 
 

 

Non-randomised controlled trial 
Procedurally naïve participants 
(n=18) 
Game-based vs free training 
groups. Pre/post-test scoring 

The intervention group demonstrated 
more pronounced and significant 
improvements in accuracy rates than 
control. 
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Study Serious Game Learning Outcome Platform Audience Study Design Study Findings 
(Creutzfeldt 
et al., 2010) 

OLIVE CPR 
(Serious Game) 

Rehearse and 
simulate the steps 
involved in CPR 

Computer 
Multi-player 
(MP) 

Emergency 
Response & Medical 
Staff 

Prospective cohort study 
1st year MS (n=12) 
Pretest- retest model in mixed 
groups of three, over six months 
supplemented with feedback 
surveys  

The cohort provided positive feedback 
and improved concentration and self-
efficacy levels. However a significant 
drop in test scores at the later session. 

(De Paolis 
et al., 2014) 

Laparoscopic 
Suturing 
(Exergame) 

To learn the 
psychomotor skills & 
procedural 
techniques related to 
laparoscopic suturing 

Computer 
and Haptic 
Device 
(SP) 

Surgical Trainee Descriptive piece  The study demonstrated the game 
mechanics and simulation technology. 

(Dev et al., 
2007) 

Virtual 
Emergency 
Department 
(VED I)  
(Serious game) 

Virtually assess and 
manage a variety of 
patient scenarios in a 
multi-disciplinary 
environment 

Computer 
(MP) 

Emergency Staff Prospective Cohort Study 
Senior MS (n=12), pre-test post-test 
assessments 

The study demonstrated a significant 
improvement in post-test scores 
(p<0.01) 

(Dev et al., 
2011) 

CliniSpace 
(Serious game) 

Designed for 
developing 
interdisciplinary 
communication, 
handover and non-
technical skills 

Computer 
(SP) 

Medical Staff Descriptive piece  The study demonstrated the game 
design, content and usability. 

(Heinrichs 
et al., 2010) 

Virtual 
Emergency 
Department 
(VED II)  
(Serious game) 

Mass casualty 
disaster 
management of 
chemical, biological, 
radioactive, nuclear, 
or explosives victims  

Computer 
(MP) 

Emergency Staff Non-randomised trial 
Physicians (n=10), Nursing staff 
(n=12) 
Pre-test knowledge MCQ & post-
test feedback survey 

The study demonstrated improved 
confidence in participants for mass 
casualty incidents and positive 
feedback of their experiences 

(Howell, 
2005) 

Code Orange 
(Serious game) 

Rehearse mass 
casualty patient 
management  

Computer Emergency Staff Descriptive piece  A short descriptive piece of the game 
usability  
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Study Serious Game Learning Outcome Platform Audience Study Design Study Findings 
(Jalink et 
al., 2015a) 

Underground 
('Exergame') 

A pure exergame 
designed to enhance 
the psychomotor 
skills associated with 
laparoscopic surgery 

Games 
Console & 
Custom-
made 
controller 
(SP) 

Surgical Trainee Cross-sectional study 
Laparoscopic Surgeons (n=72). A 
trial of the application with post 
demo feedback survey completion 

The study demonstrated evidence of 
face validity with high realism, utility 
and feedback scores 

(Knight et 
al., 2010) 

Triage Trainer 
(Serious game) 

Rehearses and 
simulates the 
prioritisation and 
triage aspects of a 
mass casualty 
scenario 

Computer 
(SP) 

Emergency Staff Non-randomised controlled trial.  
Mass casualty course attendees 
(n=91) 
Cohort divided into Serious Game 
and traditional arms with the post-
test assessment 

Virtual patient tagging accuracy was 
higher in the intervention group with 
equatable time metrics and step 
accuracy. 

(Kurenov et 
al., 2009) 

Burn Centre 
(Serious game) 

Rehearse triage 
skills and clinical 
management of 
mass-casualty burn 
victims 

Computer 
(SP) 

Emergency Staff Descriptive piece A short descriptive piece of the game 
design and scoring metrics 

(Park et al., 
2007) 

Total Knee 
Replacement 
(TKR) 
(Serious game) 

Rehearse the 
preoperative 
planning and 
procedural steps 
relating to TKR 

Computer 
(SP) 

Surgical Trainee 
(Orthopaedic 
Surgery) 

Descriptive piece  A description of the game design, 
operative and preoperative demands 
and game parameters. 

(Qin et al., 
2010) 

Blood 
Management 
(Serious game) 

Blood management 
skills Recognising 
haemorrhagic shock 
and implementing 
the appropriate steps 
including operative 
techniques [as per 
the American 
College of surgeons]. 

Computer 
(SP) 

Surgical Trainee 
(Orthopaedic 
Surgery) 

Non randomised controlled trial 
Undergraduate students (n=21) 
Cohort divided into sequential 
difficulty gaming experience vs 
direct high difficulty stage 

Sequential trained individuals 
demonstrated improved time and score 
metrics suggesting learning attributable 
to the game experience 

(Sabri et 
al., 2010b) 

Total Knee 
Arthroplasty 
(TKA) 
(Serious game) 

Procedural steps and 
equipment 
recognition for 
performing a TKA 

Computer 
(SP) 

Surgical Trainee 
(Orthopaedic 
Surgery) 

Descriptive piece The study describes the game design 
and architecture including game-in-
game features 
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Study Serious Game Learning Outcome Platform Audience Study Design Study Findings 
(Sabri et 
al., 2010a) 

OP-CAB (Off-
Pump Coronary 
Artery Bypass 
Grafting) 
(Serious game) 

Recognition of 
procedural steps and 
instruments 
augmented with 
knowledge-based 
MCQs at a stepwise 
fashion 

Computer 
(SP) 

Surgical Trainee 
(Cardiothoracic 
Surgery) 

Descriptive piece  The study focuses on the game 
mechanics architecture and technology. 

(Shewaga 
et al., 2013) 

Z-DOC  
(Serious game) 

To rehearse the 
procedural steps 
involved in the Z-
plasty surgical 
procedure (two 
triangular flap 
transposition) 

Tablet 
Computer 
(SP) 

Surgical Trainee 
(Plastic Surgery) 

Descriptive piece  A descriptive piece of the game design 
and features. 
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6.1.3 Serious Games Targeted at Surgical Trainees 

A review of the literature reveals a dearth of serious games focused on the 

surgical disciplines. Research by both Park and Sabri describe single-player 

serious-games for orthopaedic trainees to rehearse the preoperative planning 

and procedural steps involved in Total Knee Replacements (Park et al., 2007; 

Sabri et al., 2010b). Qin developed a blood-management single-player serious 

game, again for orthopaedic trainees, to recognise and appropriately treat 

haemorrhagic shock intraoperatively (Qin et al., 2010). Further research (Sabri 

et al., 2010a), describe OP-CAB a single-player serious game for cardiothoracic 

surgeons to recognise the procedural steps and instruments involved in Off-

Pump Coronary Artery Bypass. In this limited review, only two dedicated 

applications for surgical trainees (De Paolis et al., 2014; Jalink et al., 2015a) are 

‘exergames’, designed to develop the psychomotor skills associated with 

laparoscopy.  

 

6.1.4 Serious Games and Psychomotor Skill Development 

As demonstrated in Chapter 4 (Harrington et al., 2018), video gaming activity is 

positively associated with minimally invasive skill performances and Chapter 3 

(Harrington et al., 2017b) has illustrated positive effects of competition on 

trainee behaviours. Furthermore, video games motor-reinforcement and reward 

mechanisms may be ideal for motivation and engagement amongst trainees 

(Lorenz et al., 2015). Experience with video games produces positive learning 

far beyond the game itself (Green and Bavelier, 2003). A number of 

neurostructural and neurochemical changes are associated with gaming 

activity: Video games are associated with increased dopaminergic activity in the 

ventral striatum (Koepp et al., 1998) and subsequent increased grey matter 

volume in these areas. These dopamine pathways are associated with reward 

mechanisms and motivational approach behaviours (Knutson and Greer, 2008). 

Video gaming has demonstrated effects in altering cortical plasticity and may 

improve dissociative visuomotor tasks (Green and Bavelier, 2003; Granek et al., 

2010). Neural cortical priming proposes the unconscious effect of historical 

experiences on future performance (Schacter and Buckner, 1998), while 
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diminished neural activity may be observed in processing areas through 

repetition (Race et al., 2009). 

Motor behaviours may result in the reinforcement of pre-existing neural 

connections (Pascual-Leone et al., 2005) and subsequent neuroplasticity and 

Hebbian learning (Cooper, 2005). These may contribute to video games 

association with improved baseline (Enochsson et al., 2004; Grantcharov and 

Funch-Jensen, 2009) and acquisition of minimally invasive skills (Rosser et al., 

2007; Stefanidis et al., 2006a; Shane et al., 2008). Video gaming also demands 

elements of visual attention, hand-eye coordination and spatial awareness 

which may be contiguous with laparoscopic skill development (Green and 

Bavelier, 2003; Granek et al., 2010). 

 

6.1.5 Underground Exergame and Laparoscopic Video Games Controller 

The first commercially-available ‘exergame’ designed specifically for the 

development of laparoscopic motor skills amongst surgical trainees was 

developed in the Netherlands. This dedicated laparoscopic serious game 

‘Underground’ and its custom-made controller is available for the Nintendo® 

(Kyoto, Japan) Wii U™ console. The unique surgical application of this serious 

game is the custom-made controller designed to replicate the functionality and 

movement of laparoscopic instruments. Some supporting evidence for this 

serious game has been evaluated in the literature including as a laparoscopic 

warm-up device and face, construct and concurrent validity (Jalink et al., 2014a; 

Jalink et al., 2015a; Jalink et al., 2015b). On evaluation by surgical 

professionals (Jalink et al., 2015a), feedback on the game was largely positive 

with a mean score for hardware realism of 7.2/10 and value as a training tool of 

8.4/10, but a consensus that it lacked tactile feedback. The same authors 

(Jalink et al., 2014a), demonstrated evidence of construct validity with 

laparoscopic experts performing 111% faster on the video game than novices. 

Furthermore, they demonstrated a degree of concurrent validity between scores 

on the video game and Task 1 Peg Transfer of the Fundamentals of 

Laparoscopic Surgery ([FLS], p<0.001). Amongst expert surgeons, the video 

game demonstrated a ‘warm-up’ benefit in a non-clinical setting (Jalink et al., 

2015b). However, despite being the sole commercially available ‘exergame’ 
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dedicated for surgical trainees, its value as a training tool remains to be 

described. 

 

 Objectives 

6.2.1 Hypothesis 

This study hypothesised that voluntary utilisation of this surgical ‘exergame’ 

‘Underground’TM (Grendel Games, Leeuwarden, Netherlands), would result in a 

significant and measurable impact on bimanual laparoscopic skills. By 

assessing this intervention in the participants’ domiciles, this study aimed to 

ensure an uncoerced and true representation of this serious game’s potential as 

a training tool on a voluntary basis. 

By utilising similar methodology to Chapter 4 Phase 1, this research intended to 

analyse the change in individual laparoscopic task metrics from this 

intervention, many of which were previously associated with higher visuospatial 

or psychomotor aptitudes (Harrington et al., 2018). Through cross evaluation of 

participants hand-dominance with instrument metrics, we aimed to assess the 

laterality of these metric changes rather than the absolute side.  

The present study proposed to evaluate the training value of this serious game 

and custom made controller on the acquisition of minimally invasive skills. 

The primary aim of this study was to assess the impact that utilisation of this 

video game has on the acquisition of bimanual laparoscopic skills. Secondary 

aims included a measure of the voluntary use of this resource in the 

participants’ domiciles and furthermore, reasons behind underutilisation of this 

resource including game design and participant factors. By evaluating these 

factors, this research may provide further evidence towards the usage of such 

an ‘exergame’ as a tool in the surgical trainee’s simulation arsenal. It may 

provide further evidence for the use of games consoles as a foundation for 

future serious games aimed at the medical profession. In addition, the feedback 

and utilisation figures proposed, may aid in optimising future applications for 

serious games developers amongst this target audience. 
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6.2.2 Detailed Objectives 

Objective 1. To determine the impact of training using this dedicated, 
serious game and controller on the development of bimanual 
laparoscopic skills. 

By assessing the change in laparoscopic performance after a significant time-

period of gameplay, this study evaluated its training value as a potential 

simulation resource for future surgical trainees. By performing a single-blinded 

randomised controlled trial this research intended to directly assess the effect of 

this training amongst an undergraduate medical population for the first time. 

 

Objective 2. To evaluate the voluntary use of such a resource in the home 
environment. 

Furthermore, this study aimed to evaluate the voluntary use of such a training 

resource in the home environment, reproducing the domain it was principally 

targeted at. By providing participants with a targeted guideline of hours of 

‘gameplay’ per week, this study aimed to assess if this was feasible in their 

current livelihoods. 

 

Objective 3. To determine usage feedback and factors relating to the 
gameplay of this ‘serious game.’ 

This study aimed to obtain feedback relating to the game and aspects for 

improvement. These may associate with aspects of objective two, coinciding 

with the voluntary usage in the home environment. Furthermore, it may provide 

a justification for future serious games in surgical education. 
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 Materials and Methods 

6.3.1 ‘Underground’ the game 

 

Figure 6. 3: Underground Gameplay and Custom-Made Video Games 
Controller. 

The video game Underground is produced by Grendel Games (Leeuwarden, 

Netherlands) in partnership with the University Medical Centre of Groningen for 

the Nintendo® Wii U™. The specific goal of this game is to develop minimally 

invasive skills. While this serious game or ‘exergame’ is built on the Nintendo 

Wii U, platform, as mentioned, it also includes a unique gaming controller (figure 

6.3) to incorporate the Nintendo handsets, attempting to replicate the typical 

ergonomics associated with laparoscopic surgery. These include inverted 

movements, depth perception and the fulcrum effect. The puzzle-based game-

mechanics of ‘Underground’, require users to manipulate obstacles bimanually 

and build paths through a variety of maze-like environments using this 

laparoscopic-like video games controller.  

 

6.3.2 Participants 

This single-blinded randomised controlled trial was undertaken in the Dublin-

based National Surgical Training Centre of the Royal College of Surgeons in 

Ireland between March and April 2017. Participants were recruited voluntarily 

from early (foundation-third) years at a medical university via similar 

methodologies to Chapter 5, but without any overlap of participants between 

studies.  
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6.3.3 Aptitude Testing 

All potential participants were invited to complete a short electronic eligibility 

survey and Likert scale questions relating to extracurricular activities and further 

components as outlined in Chapter 5 previously. To further evaluate group 

homogeneity at baseline (Harrington et al., 2018), participants completed the 

four electronic visuospatial and perceptual aptitudes and a psychomotor 

dexterity test as previously described. 

 

6.3.4 Inclusion Criteria 

All surgically naïve individuals (≥18 years old) were eligible for participation. 

 

6.3.5 Exclusion Criteria 

Exclusion criteria included any candidates with a video gaming history of ≥ three 

h/week in general as previously defined (Rosser et al., 2007), minors (<18 years 

of age) or any manual experience with simulator-based or live laparoscopy. 

 

6.3.6 VR Laparoscopic Simulator Testing 

Laparoscopic assessments were performed using the Virtual Reality LAP 

Mentor™ (version II, 3D systems, Colorado, USA). A virtual reality simulator 

was selected over standard benchtop models due to its objective and reliable 

outcome measurements. The pretesting phase was standardised amongst all 

participants. This involved a demonstration video of four tasks on the 

laparoscopic simulator which was followed by an orientation to the simulator 

and instrument ergonomics. The simulator provided objectives at the 

commencement of each task. Each participant performed a warm-up attempt of 

each of the four tasks followed by the live trials. 
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Figure 6. 4: Laparoscopic VR Simulator Tasks 

Three of these four tasks (figure 6.4) were evaluated as part of Chapter 5 phase 

1 and demonstrated a degree of skill differentiation according to aptitude level. 

Task 3 ‘cutting’ was employed to replace ‘two-handed manoeuvres’, based on 

lack of findings in Chapter 5 of the later task. All four current tasks are part of 

the LAP Mentor™ Basic Tasks Module and have been previously validated 

(McDougall et al., 2006): 

o Task 1 Eye-hand coordination. 

o This requires the displacement of coloured balls from their 

columns using one of two colour-coded hook instruments. 

o Task 2 Grasping and Clipping.  

o This involves the manipulation of simulated vessels under tension 

using a laparoscopic grasper and the subsequent clipping of the 

colour-coded vessel section. 

o Task 3 Cutting.  

o This requires the bimanual grasping of a gelatinous structure 

under tension using a laparoscopic grasper and its subsequent 

dissection using laparoscopic scissors. 

o Task 4 Fulguration.  

o This involves the manipulation of fibres within a colour-coded 

mesh and the subsequent simulated diathermy of a designated 

coloured band (green) in sequence using one of two laparoscopic 

hook instruments. 
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As previously described, the LAP Mentor™ automatically recorded a set of 

performance metrics for each task. Participants were observed without 

prompting. 

 

6.3.7 Study Groups 

Participants were randomised to Group A (video gaming) or Group B (control) 

using a random number generator, by domestic household and the code stored 

by an independent author, assigning and managing the intervention. Remaining 

authors were blinded to group assignment. Group B participants were 

requested for the duration of the study to avoid playing video games beyond 

their usual frequency as previously reported. The control group were advised to 

continue video gaming as per their usual frequency. This was implemented to 

ensure and a more realistic representation of the effect size of the intervention. 

 

6.3.8 Video Gaming Phase 

Group A participants were provided with a Nintendo® Wii U™ console in each 

of their domiciles with the laparoscopic controller and serious game 

‘Underground’. The functionality to utilise other video games was removed from 

the console. These participants were requested to play on average five 

hours/week voluntarily for four consecutive weeks (Giannotti et al., 2013), using 

the laparoscopic game. The gaming frequency was also based on research 

(Boot et al., 2008) demonstrating minimal improvement in cognitive abilities 

after > 20 h of video gaming (≥ four-week duration) and research (Paschold et 

al., 2011) investigating the impact of video gaming. All participants were 

requested to document their utilisation prospectively. 

 

6.3.9 Completion Assessments of Laparoscopic VR Performance 

After four weeks, all participants completed the same four tasks as described 

above, twice (trial 2, trial 3), without a warm-up phase and all attempts were 

counted towards performance. The interventional group was requested to 
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complete their final video gaming session 24 h prior to their simulator testing, to 

minimise the results of a warm-up effect. 

All participants were advised that at study completion, performances would be 

graded according to proficiency score algorithms (global scores) as previously 

defined (Heinrichs et al., 2007) and that the top performing domicile and 

individual would receive defined prizes. This was provided in an attempt to 

ensure maximum performances in both the video gaming and control group at 

study completion and replicate the performance benefits of a competitive 

dynamic demonstrated in Chapter 4. As a competitive personality trait has not 

been demonstrated as a significant variable in the acquisition of minimally 

invasive skills (Chapter 5), this study did not hypothesise that this would be an 

influential covariate but evaluated it in group homogeneity testing nevertheless. 

The following validated proficiency algorithms as described above, were 

translated with permission from the Society of Laparoendoscopic Surgeons 

(SLS) journal publication (Heinrichs et al., 2007): 

 

!"#$	&	'()*+,+-.,/		

= "183.0005	 − 	2.0767	<=>?@	ABCDEF	=G	>=BHℎEJ	D?@@

− 	1.5668	KBCDEF	=G	C=LECEA>M	=G	@EG>	NAM>FBCEA>	

− 	0.5533	<=>?@	O?>ℎ	@EAP>ℎ	=G	FNPℎ>	NAM>FBCEA>	NA	HC" 

!"#$	Q	'()*+,+-.,/

= "148.6876	 − 	2E − 04	<=>?@	>NCE	 − 	7E − 04	K=	=G	@=M>	H@NOM − 2E

− 04	K=	=G	C=LECEA>M	=G	FNPℎ>	NAM>FBCEA>	

− 	0.1511	<=>?@	O?>ℎ	@EAP>ℎ	=G	H@NOOEF	NA	HC	

− 	0.1518	<=>?@	O?>ℎ	@EAP>ℎ	=G	PF?MOEF	NA	HC	 − 	6E

− 04	SE@EL?A>	O?>ℎ	@EAP>ℎ	H@NOOEF	NA	HC" 

!"#$	T	'()*+,+-.,/

= "112.6316	 − 	0.13	KBCDEF	=G	C=LECEA>M	=G	FNPℎ>	NAM>FBCEA>	

− 	0.071	<=>?@	O?>ℎ	@EAP>ℎ	=G	@EG>	NAM>FBCEA>	NA	HC" 
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!"#$	U	'()*+,+-.,/

= "144.9011	 − 	0.116	<=>?@	>NCE	 − 	0.2142	<=>?@	H?B>EFW	>NCE	

− 	1.2048	K=	=G	A=AℎNPℎ@NPℎ>EJ	D?AJM	>ℎ?>	XEFE	HB>	

− 	0.1173	K=	=G	C=LECEA>M	=G	FNPℎ>	NAM>FBCEA>	

− 	0.09	<=>?@	O?>ℎ	@EAP>ℎ	=G	@EG>	NAM>FBCEA>	NA	HC" 

 

6.3.10 Feedback 

After study completion, the intervention group were invited to complete an 

electronic survey (SurveyMonkeyTM) relating to their usage of the game. This 

was sent via an email link with response anonymity guaranteed to minimise 

acquiescence bias or any pressure to exaggerate gameplay or positive 

appraisals. This survey included questions relating to total gameplay and week 

by week breakdown, followed by Likert scale questions relating to the game 

enjoyment and critical appraisals. Open free-text comment boxes were provided 

to evaluate the game and for further responses on improvements to the game 

design/architecture. 

 

6.3.11 Statistical Analysis 

Data management, data quality assessment and analyses were performed 

using SAS® Version 9.3 (SAS Institute Inc., Cary, NC, USA). Assuming 80% 

statistical power and a 5% level of significance, a sample size of n = 20 in our 

study allowed detection of a 33% increase/decrease (a standardised mean 

difference of 1.33 from a two-sample t-test) in the end score for any of the four 

tasks. Comparisons between groups of demographic characteristics were 

performed using Student’s t-test and Fisher’s Exact test where appropriate. 

Inter- and intra-group performance metrics were analysed using repeated 

measures analysis (linear mixed models) with the participant as a random 

effect, group and time-point as fixed effects. Statistical significance was 

determined at the 5% level (two-tailed). No adjustment for multiple testing was 

performed. 
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 Results 

 

Figure 6. 5: Participant Flow Chart 

 

6.4.1 Participants 

Twenty volunteers gave informed consent for participation while five were 

ineligible due to high-frequency video gaming or a history of manual 

laparoscopic experience (figure 6.5). There was no study attrition from baseline 

with 100% of randomised participants present at study completion. There was 

no gender predominance overall or between groups, and the groups were 

mostly homogenous other than significantly (p = 0.031) increased age (22 ± 3 vs 

19 ± 1) in the video gaming group (table 6.2). Overall participants included ten 

males and ten females with a mean age of 20.8 ± 2.4 years (range 18–26). 
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Table 6. 2: Participant Demographics 

Variable Videogaming 
(n=10) 

Control 
(n=10) p-value* 

Gender (Female) 5 (50%) 5 (50%) 1.000 
Age 22 ± 3 19 ± 1 0.031 
Handedness (Right) 9 (90%) 9 (90%) 1.000 
Video game 
Frequency 

  0hour/week 
<1hour/week 
<3hours/week 

1 (10%) 
4 (40%) 
5 (50%) 

4 (40%) 
5 (50%) 
1 (10%) 

0.101 

Musical Instrument 
Background  

None 
Currently play 
Distinction 

6 (60%) 
1 (10%) 
3 (30%) 

4 (40%) 
3 (30%) 
3 (30%) 

0.497 

Sporting Activity None 
Occasional 
Local Team 
Distinction 

0 (00%) 
7 (70%) 
0 (00%) 
3 (30%) 

3 (30%) 
3 (30%) 
2 (20%) 
2 (20%) 

0.079 

Self-Perceived Dexterity 6 ± 1 6 ± 2 0.909 
Revised Competitive Index 48 ± 6 45 ± 7 0.503 
Corrected Vision (Yes) 7 (70%) 5 (50%) 0.361 
Aptitude: PiCSOR 47 ± 30 43 ± 25 0.911 
Aptitude: Modified Grooved Pegboard 64 ± 4 68 ± 10 0.527 
Aptitude: Map Planning 16 ± 7 13 ± 7 0.269 
Aptitude: Cube Comparisons 27 ± 6 25 ± 5 1.000 
Aptitude: Card Rotations 71 ± 29 76 ± 32 0.941 
n (%) for categorical data, mean +/- SD for continuous variables. 
*Student’s T-Test for continuous variables, Fisher’s Exact Test for Categorical. 
 

6.4.2 Intragroup Simulator Performance Changes 

The gaming group demonstrated significant improvements in 31 metrics 

measured amongst the four basic laparoscopic tasks (table 6.3, table 6.4). 

These included instrument proficiency measures, accuracy rates and end 

scores. The control group demonstrated improvements in fourteen of those 

measured. Depending on task evaluated, the improvement in instrument 

proficiencies may be seen in both dominant and non-dominant instruments. 

There were significant time improvements in all four tasks measured, with 

improvements in meaningful accuracy rates seen only in the intervention group. 

Furthermore, as the task difficulty increased sequentially from task 1 through to 

task 4, as did the number of significant improvements demonstrated by the 

intervention group. In addition, the intervention group demonstrated significant 

improvements in global scores amongst all four tasks while the control group 

solely in task 4 (figure 6.6). 
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Figure 6. 6: Intergroup Performance Score Trends  

 

6.4.3 Intergroup Simulator Performance Changes 

The video gaming group demonstrated significant changes (improvements) 

compared to the control in five of the six significant measures (table 6.3, table 

6.4). These included: time to completion in task 1 (p = 0.006), number of 

dominant movements in task 2 (p = 0.037), path length of dominant instrument 

in task 2 (p = 0.039), economy of movement of dominant instrument in task 2 

(p = 0.041) and path length dominant instrument in task 3 (p = 0.040). The 

control group demonstrated one significant improvement compared to the video 

gaming cohort in the economy of movement of the dominant instrument (task 1) 

(p = 0.006).
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Table 6. 3: Inter and Intragroup performances: Task 1 and 2 

 

 Video gaming Group  Control Group  
Metrics Baseline Trial 2 p-valuea Trial 3 p-valueb  Baseline Trial 2 p-valuea Trial 3 p-valueb p-valuec 
Task 1: Eye-Hand Coordination             

- Non-Dominant Movements 45.4 35.5 0.090 32.8 0.033  - - NS - NS NS 

- Dominant Path 218.6 159.7 0.042 200.9 0.528  - - NS - NS NS 

- Non-Dominant Path 185.9 152.2 0.100 140.3 0.029  - - NS - NS NS 

- Dominant Speed 4.8 5.1 0.382 5.8 0.010  4.8 5.7 0.018 5.8 0.007 NS 

- Non-Dominant Speed 4.2 5.0 0.023 4.8 0.069  4.2 4.7 0.191 5.2 0.007 NS 

- Time 71.7 43.1 <0.001 44.0 <0.001  50.8 49.7 NS 39.7 NS 0.006 

- No. of  Correct Hits 9.3 10.0 0.010 9.8 0.059  - - NS - NS NS 

- End Score -32.1 13.1 0.046 -4.2 0.209  - - NS - NS NS 

- EoM Dominant 41.2 36.6 0.177 32.9 0.019  32.7 31.3 0.679 40.0 0.036 0.006 

- EoM Non Dominant 35.8 45.0 0.042 48.1 0.008  - - NS - NS NS 

Task 2: Grasping & Clipping             

- Dominant Movements 132.9 92.1 <0.001 93.3 <0.001  110.8 105.9 0.012 85.5 0.039 0.037 

- Non-Dominant Movements 110.8 89.3 0.074 87.0 0.049  - - NS - NS NS 

- Dominant Path 399.5 278.6 <0.001 313.5 0.004  358.4 339.4 NS 305.4 NS 0.039 

- Non-Dominant Path 439.8 305.7 0.013 330.8 0.040  - - NS - NS NS 

- Time 146.2 104.1 0.017 105.7 0.021  159.4 122.5 0.035 105.9 0.003 NS 

- Dominant Speed - - NS - NS  3.9 4.2 0.111 4.3 0.039 NS 

- Non-Dominant Speed 4.8 4.3 0.029 4.5 0.118  - - NS - NS NS 

- No. of  Clipped ducts 8.3 9.0 0.035 9.0 0.035  - - NS - NS NS 

- End Score 21.3 60.0 <0.001 50.9 0.008  - - NS - NS NS 

- EoM Dominant 33.6 47.9 <0.001 47.2 <0.001  38.9 41.2 0.473 48.3 0.037 0.041 

- EoM Non Dominant 32.6 39.3 0.055 40.2 0.031  - - NS - NS NS 

Mean values, EoM= Economy Of Movement, p-valuea compares Trial 2 to baseline, p-valueb compares Trial 3 to baseline, p-valuec= group by time-point interaction 

(change in trends between groups) 
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Table 6. 4: Inter and Intragroup performances: Task 1 and 2 

 

 

 Video gaming Group  Control Group  
Metrics Baseline Trial 2 p-valuea Trial 3 p-valueb  Baseline Trial 2 p-valuea Trial 3 p-valueb p-valuec 
Task 3: Cutting             

- Dominant Movements 190.3 130.4 0.007 118.1 0.002  - - NS - NS NS 

- Non-Dominant Movements 62.2 31.5 0.016 25.9 0.005  - - NS - NS NS 

- Dominant Path 468.9 325.4 0.011 335.2 0.018  456.4 514.7 NS 421.1 NS 0.040 

- Non-Dominant Path 168.3 85.2 0.024 61.1 0.004  - - NS - NS NS 

- Dominant Speed 3.6 4.1 0.048 4.6 <0.001  4.1 4.5 0.101 4.8 0.002 NS 

- Time 160.0 94.9 <0.001 85.8 <0.001  150.7 139.8 0.539 108.9 0.022 NS 

- End Score 75.9 89.6 0.006 92.9 <0.001        

Task 4: Fulguration             

- Dominant Movements 173.4 133.2 0.057 109.4 0.004  - - NS - NS NS 

- Non-Dominant Movements 147.9 112.1 0.004 85.9 <0.001  128.4 116.8 0.330 90.0 0.002 NS 

- Dominant Path 432.0 314.0 0.035 268.9 0.005  469.9 389.4 0.144 342.0 0.023 NS 

- Non-Dominant Path 401.2 292.4 0.004 234.0 <0.001  370.7 335.8 0.331 262.5 0.004 NS 

- Time 258.3 200.4 0.025 185.7 0.006  293.3 213.7 0.004 189.1 <0.001 NS 

- End Score 48.4 69.1 0.005 78.1 <0.001  47.5 61.0 0.075 74.9 <0.001 NS 

Mean values,  p-valuea compares Trial 2 to baseline, p-valueb compares Trial 3 to baseline, p-valuec= group by time-point interaction (change in trends 

between groups) 
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6.4.4 Video Gaming Feedback 

Completion feedback was obtained from 9 (90%) of the intervention group. This 

revealed a self-reported mean enjoyment level of 5.9 ± 2.7 out of 10. Over half 

of responders indicated they would recommend the game to others with one 

participant reporting on the contrary. 3 (33%) reported completing the directed 

study protocol of 20-h of gaming over the training period. Overall, participants 

reported a mean gameplay of 13.4 ± 6.6 h. Principle reasons for failing to 

complete the directed gameplay (figure 6.7) included: lack of game engagement 

[3 (33.3%)], lack of available time [2 (22.2%)] and distraction by other home 

entertainment [1 (11.1%)]. 

 

Figure 6. 7: Serious Game Feedback 

Selected comments related to the improvement of the experience included: 

making the game more enjoyable, improving the quality of the game, alternating 

soundtracks, improving the user interface and resolving technology glitches. 
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 Discussion 

This research has demonstrated a measurable improvement associated with 

training on a dedicated ‘exergame’ or serious game for laparoscopic skills. This 

revealed significant improvements in proficiency of instruments (path length and 

movements) for dominant and non-dominant hands and satisfied the primary 

aim of this study. This was demonstrated across multiple tasks and sequential 

attempts. Accuracy rates solely improved in the video gaming group which 

included the number of correct hits and clipped ducts (tasks 1 and 2). 

Furthermore, improved task scores, adapted from (Heinrichs et al., 2007), were 

present in all four of the tasks for the video gaming cohort but only one task for 

the control group. Simulator training has demonstrated clinical relevance with 

evidence of skill transferability from simulators to the operating room (Sturm et 

al., 2008), suggesting the potential clinical applicability of simulation-like 

platforms in the home environment. 

Due to repetitive task exposure, the control group demonstrated a significantly 

improved ‘economy of movements’ compared to the intervention group, solely 

for the dominant instrument, which we speculate signifies their ongoing 

dependence for a preferred hand. However, the video gaming cohort 

demonstrated superior intergroup differences with positive measures 

demonstrated in 83.3% of the significant measures identified. 

While this is the first evaluation of the voluntary training value associated with a 

surgical ‘exergame’, a number of observational studies have demonstrated an 

association between video gaming frequency and laparoscopic skills (Ou et al., 

2013). However, there remains limited randomised evidence for meta-analysis 

(Jalink et al., 2014b). The effect sizes are difficult to compare between video 

gaming intervention studies due to variances (frequency/duration) in the study 

arms and inconsistent delays between final video gaming and laparoscopic 

assessment (which could result in a ‘warmup effect’). Research with similar 

methodology has previously demonstrated significant improvements in skills 

associated with gameplay on the Nintendo® Wii™ console using general 

(entertainment dedicated) video games (Giannotti et al., 2013; Bokhari et al., 

2010; Middleton et al., 2013). Middleton demonstrated six significant outcome 

measures on the VR simulator including non-dominant instrument metrics 
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(Middleton et al., 2013). One may surmise that the multiple significances 

identified with this study’s video game may have been due to the controllers’ 

many physical and ergonomic similarities with the Virtual Reality simulator such 

as the fulcrum effect and inverted movements. 

A number of studies (Chang et al., 2007; van Dongen et al., 2008), have 

demonstrated significant underutilisation of training simulators on a voluntary 

basis. Research (Mentzoni et al., 2011), demonstrated a regular video game 

usage of 56.3% amongst a random population sample. Video game consoles 

may be perceived as potential platforms for surgical simulation in the future, due 

to their relatively low expense and availability in the home environment 

(Giannotti et al., 2013). 

The secondary outcome of this study was to evaluate voluntary utilisation of 

resources in the home environment. Research (Kononowicz et al., 2012), 

demonstrated that despite providing a web-based virtual patient training module 

for Basic Life Support (BLS), it was used in only 54% of the study’s 

experimental group. Despite an incentivised Laparoscopic Programme for take-

home laparoscopic simulators amongst surgical trainees in the United Kingdom, 

Nicol demonstrated only 26% of their trainees completed the programme (Nicol 

et al., 2016). This study would surmise that these may have been underutilised 

due to a lack of enjoyment and intrinsic motivation associated with the resource. 

In our study, the video game simulator was also made available in the 

participants’ residences, and participants were provided with prizes available for 

the highest performance at study completion to maximise task execution. 

This study has described the trialling of a customised laparoscopic video game 

controller for minimally invasive skills, founded on serious games/exergames 

software. With a plethora of minimally invasive instruments in practice, there 

remains vast development potential for customised video game controllers in 

surgery. These may overcome many of the limitations associated with current 

simulator experiences. While this study has focused on evaluating both the 

controller and exergame software architecture as an intervention, there are no 

reasons envisaged to limit the translation of traditional simulator software to 

video console platforms, with or without a serious games component. 
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One must acknowledge the limitations associated with any single centre trial. 

While efforts were made to maximise recruitment, authors must acknowledge 

the small participant numbers. The strict inclusion and exclusion criteria 

incorporated into this randomised controlled trial were undertaken to promote a 

homogenous study population. However, selection bias cannot be out-ruled as 

participants were recruited through the medical university and excluded high-

frequency gamers or those with laparoscopic experience. While intervention 

and control groups were largely homogenous, the intervention group was 

significantly older (p = 0.031). While we postulate this was unlikely to factor, due 

to the experiential nature of neuroplasticity, the increased age could potentially 

serve as a selection bias. Stefanidis determined no association between 

differing age and altered laparoscopic skill acquisition (Stefanidis et al., 2006a). 

Furthermore, age was not a significant variable determined in Chapter 5 for the 

acquisition or maintenance of laparoscopic skills. While the intervention group 

was provided with indicative gameplay frequency, this was voluntary to evaluate 

the study’s secondary outcomes. Previous research (Middleton et al., 2013), 

has demonstrated improved laparoscopic skills associated with video gaming 

over a two-week duration. However this study adopted a longer approach in an 

attempt to maximise effect size. Furthermore, as feedback and voluntary 

utilisation were self-reported, this may lead to a further area of bias.  

Despite availability in the home environment and a competitive dynamic, 

participant’s voluntary use of the resource was more limited due to lack of 

associated enjoyment, limited available time and distractions. Only one-third of 

responders completed the full average gameplay of five hours per week for four 

subsequent weeks. One must appreciate that the increased age of the 

intervention group could potentially confound their ability for completion of 

indicative gameplay, due to potentially increased responsibilities or home 

dependencies. However, we speculate the home circumstances between the 

two age groups (mean 22 vs 19 years) is unlikely to vary significantly. This 

research demonstrates that even a potential training resource such as a serious 

game may be underutilised if it lacks adequate optimal factors. As the serious 

game was underutilised in the intervention group, its full effects on acquisition of 

skills may not have been demonstrated over this time period. 
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The present study has demonstrated significant improvements in the acquisition 

of technical skills from training with a dedicated laparoscopic video game. With 

their favourable cost and availability in the home environment, video game 

consoles could be considered a viable platform for the development of surgical 

serious games to complement existing, classroom and lab-based teaching. The 

new entertainment and gaming technologies in development such as virtual 

reality and augmented technologies, may provide further platforms for serious 

games development. 
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 Introduction 

Serious gaming or ‘exergames’ are associated with psychomotor skill 

development as has been described in Chapter 6 (Harrington et al., 2017a). 

This previous research demonstrated that existing gaming platforms could be 

utilised to develop early laparoscopic skills. However, utilising gaming platforms 

and serious games to motivate resource utilisation must fundamentally ensure 

the experiences are enjoyable, or they become indistinguishable to simulators 

and underutilisation persists (Kiili, 2005). Virtual and augmented realities may 

be ideal platforms for serious games and simulations due to their high fidelity, 

immersion and general appeal. 

Not since the advent of the smart-phone has the public been transfixed by a 

technology that engrosses both visual and acoustic senses, with tens of billions 

in predicted revenue (Lee and Stewart, 2016). The new Virtual Reality (VR) 

technology may have the ability to capture the attention of even the most 

technologically naive. As the degree of immersion may appeal to all ages, the 

study outlined in the current chapter was performed to explore this stimulating 

technology for educational purposes and discover if medicine is ready for this 

virtual-reality revolution. 

The fundamental concept and achievement of Virtual Reality are not new in 

itself. The “Ultimate Display” was conceptualised in 1965 by Ivan Sunderland, 

an American scientist. Sunderland elaborated on this: “A display connected to a 

digital computer gives us a chance to gain familiarity with concepts not 

realisable in the physical world” and “Concepts which never before had any 

visual representation can be shown” (Sutherland, 1965). Through contributions 

from Harvard University and Massachusetts Institute of Technology (MIT), the 

‘Sword of Damocles’ became a reality in 1968: unwieldy spectacles with two 

cathode-ray-tubes provided a 40-degree field of vision in a primitive virtual 

space (Sutherland, 1968).  

While the technology was previously confined to high-fidelity laboratories such 

as the above, with narrow fields of vision, high latency and low frame rates, 

recent evolutions in electronics now allow consumers access to this technology. 

Affordability is one of the significant precipitators of this virtual renaissance. The 

comfortable Oculus VR (LLC, California, United States) Head-Mounted Display 
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(HMD) provides users with an evolution in visually immersive experiences: a 

>96-degree field-of-view, minimum weight of 318g and improved performance 

(Castelvecchi, 2016; 2016; Binstock, 2016). Primarily revived by the 

entertainment industry, Oculus has released this technology via smartphone 

(Samsung Electronics) and PC-compatible headsets (Oculus Rift), with HTC 

(New Taipei, Taiwan) and Sony (Tokyo, Japan) versions also available. 

Therapeutic applications of VR headsets amongst patient populations are 

becoming apparent, particularly in bio-psychosocial models of cognitive 

diseases. The immersive qualities permit avoidance of real-world stressors 

while eliciting real physiological responses from within the virtual environment 

(Cornwell et al., 2006). Established VR applications in disease states include: 

exposure therapy for anxiety disorders through desensitisation (Krijn et al., 

2004; Botella et al., 2015) and easing delusional disorders by VR cognitive 

therapy (Freeman et al., 2016). VR has been shown to provide distraction 

therapy and analgesic properties for burn-victims and oncology patients 

(Hoffman et al., 2008; Chirico et al., 2016). Similarly, it can relieve patient 

anxiety during a local anaesthetic procedure (Perpetuo-Socorro hospital, 

Alicante) (Sivan, 2016). As an assessment tool, it has been adopted for ‘Falls 

risk’ profiling amongst glaucoma sufferers (Diniz-Filho et al., 2015). 

The adoption of VR Headsets in medical training has been negligible despite 

perceived strengths such as “cueing stimuli to support error-free learning” 

(Rizzo and Kim, 2005). Recent military advances provide army-medics a VR 

simulator for prioritising health needs and a realistic cognitive workload of 

challenges in a virtual environment (Carr, 2014; Ministry of Defence, 2016).  

Several applications as a diagnostic and visualisation platform are emerging in 

healthcare: Intraoperative use of augmented-reality has aided in interventional 

cardiology (Opolski et al., 2016). VR digital pathology allows navigation and 

interpretation of patient slides (Farahani et al., 2016). The first 360-degree live 

operation was recently streamed from The Royal London Hospital, UK (Bart's 

Health, 2016). Other proof-of-concept applications include: pioneering 

preoperative-planning of a congenital heart defect using 3D-reconstructed 

imagery ( Nicklaus Children's Hospital, 2015) or pelvic-floor anatomy 

visualisation via CAVE VR environments (Dobson et al., 2003). In the field of 
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Gerontology, the development of innovative projects such as “We are Alfred” 

(An award-winning VR venture providing a virtual patient’s perspective) will 

undoubtedly encourage clinicians in the field to enhance empathy and 

understanding of the ageing process (Shaw et al., 2016).  

In the setting of technology-enhanced-learning, we may see further benefits in 

multimodal blending with active learning through experience, as theorised by 

Edgar Dale’s Cone of Learning (Dale, 1946). Despite the diverse field of 

adoption of VR, there is a lack of development in the area of postgraduate 

education where it may have vast potential.   

While the need to learn may be the predominant driving force in many of the 

population, the entity may lack an intrinsic motivation (Prensky, 2001a). The 

new generation’s stereotypical upbringing is dominated with video games; 

applying to their reward, stimulation-rich backgrounds may return higher 

benefits than traditional methods such as ‘book learning’ (Blackman, 2005). 

There remains evidence that a mismatch exists between the teaching and 

learning styles of trainers and apprentices (Engels and de Gara, 2010). 

Furthermore, while traditional ‘book learning’ may help facilitate knowledge and 

factual learning, it lacks rehearsal and real-world experiential learning, which 

may be contingent on decision-making exercises (Kiili, 2005). Serious games 

may traverse this gap between theory and practice (Kriz, 2003). Decision-

making rehearsal amongst serious games and simulations may be more 

effective and have been suggested as a platform for practical courses including 

learning to drive (Blackman, 2005). A medium such as Virtual Reality may 

provide a ‘persuasive’ nature, including the ability to rehearse behaviours and 

explore cause and effect relationships (Encarnacao, 2009). Currently, the 

fundamental obstacles to the widespread adoption of serious games include the 

lack of public acceptance and scientific evidence behind their use (Encarnacao, 

2009).   

A number of  studies (Wendel et al., 2011; Kiili, 2005; Amory, 2007) suggest a 

framework for the design of such a serious game that should incorporate 

elements including: 

o Learning Content and Delivery- The decision of the learning 

content to be utilised is one of the critical first steps involved in 
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serious game design while delivering it through an unobvious 

method to ensure game enjoyment (Wendel et al., 2011). In 

serious game design, there must be a balance between the 

enjoyable gameplay aspect and the fundamental educational 

objectives (Kiili, 2005). 

o Gaming Genre- The gaming genre must be chosen carefully to 

suit the given learning content and target audiences (Wendel et 

al., 2011). A degree of ‘authentic professionalism’ should be 

incorporated, where pertinent concepts to the real world and 

relevant to the designated profession are predominant (Amory, 

2007). 

o Gameplay/narrative Interaction- A complex interplay exists 

between the storyline narrative and gameplay within a given 

application, and balancing both indistinct entities is essential but 

challenging (Amory, 2007).  

o Feedback and Evaluation- A feedback and evaluation loop both 

immediate and retrospective (‘invisible evaluation’) may provide 

enhanced learning, challenges and finally a sense of achievement 

which are critical to game design (Wendel et al., 2011). Intrinsic to 

games is an assumed structure of problem-solving and challenges 

(Kiili, 2005), which are ideal for medical learning. These 

challenges or puzzles may be fundamental to both problem-based 

learning and gameplay (Amory, 2007).  

o Cognitive Workload- While immersing users in a visual and audio-

enriched environment is the goal for many serious game designs, 

further supplementing the experiences with haptic feedback may 

aid in balancing cognitive load and immersive feedback (Kiili, 

2005). Unnecessary or irrelevant cognitive load should be 

minimised to promote deeper thought processes (Kiili, 2005). 

o Personalisation- Methods of adaption of the game design should 

be implemented to suit varying levels of expertise for the learning 

content (Wendel et al., 2011). 

o Element Interactivity- This requires a balance between active and 

passive elements which allow users some gameplay freedom but 

do not deviate from the game mechanics (Wendel et al., 2011). 
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o Level of Realism- A tailored and balanced approach to the level of 

realism required, depending on the type of learning objectives built 

into the game design (Wendel et al., 2011). 

As described, there remains a dearth of medical serious games/simulations on 

the virtual reality platform. With the potentially high level of realism, simulation-

based decision-making serious games in virtual reality may be the ideal gaming 

genre for this environment. By capitalising on the realism of this entertainment 

platform and integrating ‘serious games’ elements, this research proposed to 

develop a decision-based simulation fundamentally integrated with Advanced 

Trauma Life Support (ATLS) guidelines designed according to previously 

described frameworks. Secondarily the study aimed to integrate further gaming 

mechanics including ‘mini-tests’ and both real-time feedback and ‘stealth’ 

scoring metrics. Furthermore, the study aimed to deliver this application on a 

readily available open platform.  

 

 Objectives 

7.2.1 Hypothesis 

This study hypothesised that a serious game based in Oculus virtual reality 

would be a feasible and viable learning platform for a target medical audience. 

By designing and developing a game on this mostly entertainment-based 

platform, this research aimed to establish the world’s first medical decision-

making serious game/application within this space. By describing its 

development and obtaining content reviews and usability testing, this may 

provide evidence for future educational applications or serious games within this 

platform. 

Further to Chapter 6 (Harrington et al., 2017a) which demonstrated that video 

games consoles are a viable ‘serious games’ option for the development of 

psychomotor skills, this study aimed to identify if virtual reality could provide 

similar benefits in the rehearsal of decision-making skills.  

The primary aim of this study was to establish evidence of construct and 

concurrent validity for a decision-making serious game based in Virtual Reality. 
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Secondarily, this research aimed to obtain evidence of face validity and usability 

testing for the virtual reality hardware and software platform amongst the 

medical profession. This may further the knowledge of game design within this 

target profession, but also obtain meaningful feedback on potential areas of 

future application/usability amongst this audience. 

 

7.2.2 Detailed Objectives 

Objective 1. To develop and appraise a medical serious game for the 
postgraduate medical community in Virtual Reality. 

This research aimed to create a medical decision-making game within Virtual 

Reality and deliver it openly on this public domain, as evidence of technology-

enhanced learning in the home environment. 

 

Objective 2. To investigate whether this serious game demonstrates 
evidence for validity aspects amongst medical professionals. 

This study aimed to identify if aspects of the serious game could demonstrate 

evidence of validity amongst the medical community. Once developed, this 

research aimed to investigate for evidence of face, construct and concurrent 

validity within this application. 

 

Objective 3. To determine based on the experience with this virtual reality 
serious game and environment, whether the medical community believe 
the platform has a meaningful future in medical education. 

This research aimed to collect meaningful appraisals and feedback from users 

amongst the medical profession. The usability testing of this serious game and 

environment may provide valuable feedback for future areas of potential 

application. 
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 Materials and Methods 

7.3.1 Design Principles 

Regarding the proposed application, it was designed based on the 

aforementioned design frameworks (Wendel et al., 2011) concerning: 

o Learning Content and Delivery- The serious game proposed to integrate 

trauma decision-making principles according to the international 

Advanced Trauma Life Support guidelines.  

o Gaming Genre- This application proposes to be a simulation-based 

environment with mostly third-person perspectives during the decision 

making processes but alternating to first-person perspectives for specific 

‘mini-tests’ or experiences.  

o Feedback & Evaluation- A constant feedback loop will be present for 

users, providing both visual and audio cues for correct and incorrect 

decisions and potential repercussions for detrimental decision-making 

performances. Furthermore, additional stealth or invisible evaluation was 

employed with a number of scoring metrics evaluated at simulation 

completion.  

o Personalisation- The study proposed to develop an alternative, didactic 

teaching mode for those less versed in trauma guidelines or the lay-

person.  

o Element Interactivity- The study proposes a somewhat combined active 

and passive element application, within the confines of a mostly linear 

decision-making process from ATLS algorithms and their testing.  

o Level of Realism- Within the confines of the target hardware, time 

restraints and the target objectives of the decision-making game, this 

application aimed to develop an average level of realism while not 

compromising game effectivity. 

 

7.3.2 Advanced Trauma Life Support 

Advanced Trauma Life Support (ATLS) is an Internationally renowned training 

course provided by the American College of Surgeons (ACS) to train and 

assess physicians in a safe, evidence-based approach to the management of 

acute trauma patients. The course is provided worldwide and is founded on a 
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set of decision-making algorithms designed to provide a safe, structured 

framework for the management of the acutely ill injured patient.  

 

7.3.3 Game Design and Scripting 

The story-line scripting, decision tree matrices and game design of this 

application were performed by the primary author. The scripting of this serious 

game resulted in the acute management of a blunt trauma patient. The serious 

game follows the perspective of this patient from the road traffic accident, to the 

paramedics and into the Emergency Department where users occupy the role of 

the Trauma Team leader. The user occupies a passive role in the first-person 

perspective as the patient and the paramedic prior to the emergency 

department. This progresses to an active decision-making role as the 

resuscitation team-leader progresses through the primary survey of the ATLS 

program. 

 

7.3.4 Content Modelling 

Content modelling was conducted by project collaborators (developers from 

Firepanda UK and Immersive VR education). The emergency department 

environment and objects were modelled on real-world content with image -

guidance provided by the primary study author. Where objects were unavailable 

in stock format or required adaptation, as well as bespoke designs were 

fabricated using 3DS-Max 2014 (Autodesk, California, United States). This 

software allowed 3D-object modelling with texture and material mapping as 

described in Chapter 2. 

 

7.3.5 Audio Content 

Full audio script descriptions were provided to the project collaborators 

(Firepanda UK and Immersive VR) for production. Physiological sounds and 

pathological adaptions were sought where necessary. 
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7.3.6 Application Gaming Engine 

The application (v1.7.3) was developed on Windows-10 64-bit (Microsoft, 

Washington, United States), using Unity 3D (Unity Technologies, San 

Francisco, United States) Integrated Development Environment (v5.3.5) and 

Oculus Utilities (v1.3.2) by the development team (Firepanda UK & Immersive 

VR education). The Unity 3D software provided a structured environment to 

integrate prefabricated 3D objects, scripts (C# and Java-based) and audio 

content. It provided seamless output to a number of platforms including virtual 

reality devices such as Samsung Gear VR, Oculus Rift and Google Cardboard. 

 

7.3.7 Virtual Reality Hardware 

After researching multiple potential virtual reality platforms including Oculus Rift, 

Google cardboard and HTC Vive, the Samsung Gear VR product was chosen 

as the primary medium due to its portability, relatively high resolution and 

reduced costs. Samsung (Suwon, South Korea) Gear VR Head Mounted 

Displays (HMD, powered by Oculus, version SM-R322) were connected to 

either Samsung Galaxy S6 or Galaxy S7-edge devices (Android 6.0.1). The 

HMD includes a touchpad-reticule interface allowing users to interact with 

instruments, objects and text within the Oculus platform (v1.22.3). 

Accelerometers (motion and infrared sensors) transcribe head movements of 

pitch (up-down), yaw (side to side) and roll (rotational) to orientations within the 

virtual space. This permits the headsets relatively small screens (³2160 x 1200 

resolution) the ability to convey 360-degree digital environments. 

 

7.3.8 Virtual Reality Game 

A single trauma ‘moulage’ scenario was adopted from elements of the 

Advanced Trauma Life Support (American College of Surgeons, Chicago, 

Illinois) guidelines (9th Edition)  and story-line scripted in full with decision 

making tree formation for scripted development within the Unity 3D engine 

(developed by Firepanda UK & Immersive VR Education). This scenario 

describes a patient arriving at the Emergency Department with blunt thoracic 

trauma (figure 7.1-7.8).  
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Figure 7. 1: Simulated Patient Journey 

Several critical (patient death) and non-critical decisions and diagnoses (table 

7.1) were defined amongst authors before implementation. Significant 

components of the decision making tree were founded on the ATLS primary 

survey (figure 7.2), adjuncts to this survey, reassessments where appropriate, 

and recognising life-threatening conditions including tension pneumothorax and 

hypovolaemia.  

 

Figure 7. 2: Decision Making Primary Survey 

The virtual patient's vitals monitor reflected the current condition and stability as 

represented within the decision making process and responding to these 

monitor cues provides part of the gamification and challenges within this serious 

game (figure 7.3). 
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Figure 7. 3: Physical Examination in Primary Survey with Reflective 
Pathology 

 

Table 7. 1: Critical and non-critical VR Decisions and Diagnoses. 

Patient Death Decisions Diagnoses 
Failure to adhere to 

primary-trauma Survey. 

 

Failure to recognise 

Life-threatening 

conditions. 

 

Incorrect site placement 

of chest drain. 

Adhering to trauma management 

protocol. 

Correct application of adjuncts to 

the primary survey. 

Appropriate Patient Positioning 

Chest-drain directionality. 

Local anaesthetic choice. 

Correctly responding to vitals 

monitor cues for IV fluids and 

warming. 

Reassesses ABCD after a major 

intervention. 

AP Pelvis x-ray. 

Chest X-ray. 

AP & Lateral Cervical 

Spine x-ray. 

Open Mouth PEG x-ray. 

Arterial Blood Gas. 

Full Blood Count. 

Electrocardiogram 

(ECG). 
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Figure 7. 4: Critical Reassessment Prompts in the Primary Survey 

These decision-making foundations were augmented with animations of patient 

examination which appropriately reflected pathology at a given period. These 

animations included a respiratory and cardiovascular examination with signs 

elicited and patient vital signs reflecting a traumatic pneumothorax.  

 

7.3.9 Gamification 

Each decision-making level within the simulation provided a multiple choice 

text/object-based action with audio and visual cues representing correct or 

alternative choices.  

 

Figure 7. 5: User Interface for Placement of a Chest Drain 

Multiple mini-game/mini-test scenarios were created and integrated within the 

overall serious game and moulage. These included a first-person perspective of 

placing a chest drain in situ (figure 7.5). This scenario involved the stepwise 
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choice of location, local anaesthetics and correct instruments. These mini-

games extended to incorporate the results from the adjuncts to the primary 

survey. Users are presented with trauma series x-rays (figure 7.6), blood results 

and an electrocardiogram to diagnose, with multiple choice question outcomes.  

 

Figure 7. 6: Identification of Virtual Patient Pathology. 

Immediate feedback was presented to users both for critical decisions and 

diagnoses made, and a stealth logging assessment monitored performance 

throughout each attempt of the serious game with metrics/scores presented at 

the moulage completion which included virtual patient deaths, correct/incorrect 

decisions, diagnoses and time taken (figure 7.7). 

 

Figure 7. 7: Serious Game Scoring & Debrief 

 

7.3.10 Personalisation 

A fully didactic learning pathway within this virtual trauma moulage was also 

developed which provided stepwise audio and visual direction within the 

decision making matrices. This provided a learning channel for the less 
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medically experienced users, while also providing a medium for the lay-person 

to experience these learning modules. 

 

Figure 7. 8: User Selection of Primary Survey Adjuncts 

 

7.3.11 Experimental Setting 

Considering the game content and target audience, a single-centre trial was 

conducted at an Advanced Trauma Life Support (ATLS) training course in 

Leinster, Ireland in 2016. This was conducted in collaboration with the course 

training director. All course attendees, both candidates and instructors, were 

distributed an information and invitation email and author follow-up contact 

details in relation to this study, prior to course commencement. 

 

7.3.12 Participants 

All candidates (novice), recertifying individuals, and course-instructors (experts) 

were invited to participate in the three-day course. Exclusion criteria included: 

Previous use of the VR Training application, performing <75% of the simulation 

and individuals that both, failed to complete the simulation and subsequent 

survey. 

 

7.3.13 Trialling Protocol 

Volunteer candidates, where possible, were approached prior to/at the 

commencement of the course for trialling of the serious game, to minimise 

interruption to their course content. Volunteer instructors could trial the 
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application at any stage during the three-day course. A standardised format of 

testing was employed: Participants were orientated to the Oculus Headset and 

watched a pre-loaded ‘Introduction to Virtual Reality’ application (Felix & Paul 

Studios, Montreal, Canada) to demonstrate the video capabilities of the 

technology for 360-degree content (Real Footage & Computer generated). 

Participants immediately proceeded to a single trial of this gratuitous VR 

application available on the Oculus download library: 

https://www.oculus.com/experiences/gear-vr/878262692296965. Performance 

scores were automatically recorded at simulation completion. These variables 

included: Number of Correct Decisions, Number of Incorrect Decisions, Number 

of Correct Diagnoses, Number of Incorrect Diagnoses, Number of Patient 

Deaths and Time Taken. 

 

7.3.14 Survey Design 

Following the simulator trial, participants were invited to complete a web-based 

electronic survey without observation. This survey included demographics and 

7-point Likert scale statements (Strongly Disagree [1] - Neutral [4] - Strongly 

Agree [7]). The statements related to aspects of the hardware, medical 

simulator and prospects of the application and technology. 

 

7.3.15 Statistical Analysis 

Data analyses were performed using SPSS (IBM, New York, United States) 

Version 22.0, Windows-7 64-bit (Microsoft, Washington, United States). 

Simulator performances scores were correlated with expert/novice status using 

student's t-test and Fischer's exact test where appropriate. Only participants 

that performed the simulation to completion were included in performance 

correlations. Proportions of decisions made incorrectly were analysed amongst 

participants. This was performed due to the variable nature of the simulator's 

decision-trees. Simulator performances amongst candidates were analysed with 

ATLS course MCQ assessments using Spearman Rank Correlation. Four re-

verifying course candidates were excluded from MCQ correlation analysis due 

to previous exposure to the course content. Likert Scale survey feedback was 
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weighted 1 to 7 with scores of 5 or more deemed positive, 3 or less deemed 

negative and median scores analysed for individual statements. This study was 

approved by the regional medical ethics Committee (RCSI, Dublin, Ireland: REC 

1202). All individuals consented to participation. 

 

 Results 

7.4.1 Participants 

 

Figure 7. 9: Participant Flow Chart 

Nineteen-course candidates (86.4%) and 11-course instructors (84.6%) trialled 

the headset with survey completion acquired in 16 (84.2%) and 10 (90.9%) 

respectively. Simulator completion scores for the serious game were achieved 

in 15 (78.9%) candidates and 7 (63.6%) instructors (figure 7.9). Failure to 

complete the trial was principally due to course time-restrictions.  One 

participant was excluded from the study due to both failures to complete the 
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survey and complete the application to debrief. The mean age of survey 

responders was 38.9 years, and 80.8% were male (table 7.2).  

 

Table 7. 2: Course Survey Demographics 

 

 

90% of the surveyed instructor group were of consultant seniority while the 

surveyed candidate group were younger (32.5 ± 5.3 vs 49.1 ± 9.9 years) and of 

more junior levels (internship to specialist registrar). Participants were from a 

number of different specialities, the majority of which (73.1%), from Orthopaedic 

Surgery and Emergency Medicine. A small percentage (11.5%) of those 

surveyed had previous experience with virtual reality technology. 

 

 Instructors  
(n=10) 

Candidates  
(n=16) 

Total 
(n=26) 

Age*  49.1 ± 9.9 32.5 ± 5.3 38.9 ± 11.0 
Gender 
    -Male 
    -Female 

 
9 (90) 
1 (10) 

 
12 (75) 
4 (25) 

 
21 (80.8) 
5 (19.2) 

Speciality 
    -Orthopaedics & Trauma 
    -Emergency Medicine 
    -Anaesthesiology 
    -General Surgery 
    -Internship 

 
4 (40) 
4 (40) 
1 (10) 
1 (10) 
- 

 
4 (25) 
7 (43.75) 
- 
4 (25) 
1 (6.25) 

 
8 (30.8) 
11 (42.3) 
1 (3.85) 
5 (19.2) 
1 (3.85) 

Grade 
   -Consultant 
   -Specialist Registrar 
   -Registrar 
   -Senior House Officer 
   -Intern 

 
9 (90) 
1 (10) 
- 
- 
- 

 
- 
2 (12.5) 
5 (31.25) 
8 (50) 
1 (6.25) 

 
9 (34.6) 
3 (11.5) 
5 (19.2) 
8 (30.8) 
1 (3.85) 

Experience with Virtual 
Reality HMD (yes) 1 (10) 2 (12.5) 3 (11.5) 

Handedness 
   -Right 
   -Left 

 
10 (100) 
- 

 
14 (87.5) 
2 (12.5) 

 
24 (92.3) 
2 (7.7) 

*Mean ± SD, n (per cent in parentheses)  
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7.4.2 Game Performance Outcomes 

The serious game performance metrics/scores were analysed between 

Instructor and Candidate cohorts. The instructor group made significantly less 

fatal errors [virtual patient deaths] (p=0.049) and lower proportions of incorrect 

decisions (p=0.045) than the candidate group, demonstrating a degree of 

construct validity. However, there were no statistical differences in time taken or 

the number of correct diagnoses (table 7.3). 

Table 7. 3: Analysis of simulator variables 

 Instructors 
(n=7) 

Candidates 
(n=15) 

p-
value* 

No of Virtual-Patient 
Deaths 

Mean 
0-1 Deaths  
2 Deaths  
3+  Deaths  

 
 
0.9 ± 0.7 
6 (85.7%) 
1 (14.3%) 
0 (0.0%) 

 
 
2.9 ± 2.4 
5 (33.3%) 
3 (20.0%) 
7 (46.7%) 

 
 
0.007 
 
0.049 

No of Correct Decisions 21.9 ± 1.5 20.9 ± 2.0 0.435 
No of Incorrect 
Decisions 

2.0 ± 1.5 4.6 ± 3.3 0.711 

Percentage decisions-
made  
that were incorrect 

8.3 ± 6.2 17.2 ±10.1 0.045 

No of Correct 
Diagnoses 

6.4 ± 0.8 6.1 ± 0.9 0.882 

No of Incorrect 
Diagnoses 

1.1 ± 1.1 1.4 ± 1.2 1.000 

Time (seconds) 849.7 ± 11.3 857.7 ± 163.9 0.920 
Continuous/Numeric data are presented as mean ± SD, and categorical data 
are presented as n (%)  *Student’s t-test for continuous data, Fisher’s Exact 
Test (Freeman-Halton) for categorical data 

 

7.4.3 Game and Course Performance Correlations 

The performances were analysed for correlations with candidates’ course MCQ 

scores. Significant correlations and concurrent validity were highly dependent 

on the exclusion of the top two MCQ performers. Once these two candidates 

were excluded, significant correlations were identified for the proportion of 

incorrect decisions and MCQ result (r=-0.672 p=0.047).  
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7.4.4 Appraisal of Simulator from Participants 

Feedback relating to the VR hardware and serious game was predominantly 

positive (figure 7.10).  

 

 

The aggregated mean value (Likert 1-7) for immersion and realism of the VR 

hardware was rated 5.09, and the realism and appearances of the serious 

game rated 5.04 [table 7.4] 

Figure 7. 10: Ternary Plot of Simulator Feedback 
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Table 7. 4: Feedback on VR Hardware & Simulator Software 

 

 

 

Statements Instructors 
(n=10) 

Candidates 
(n=16) 

Total 
(n=26) 

Hardware: Oculus Gear VR Headset 
The headsets... 
….unnoticeable once you are within the VR Space 
….effective in immersing you within the VR Space 
….screen is obvious when wearing and negatively 
effects the experience* 
….interface to select decisions or objects was 
straightforward 
….audio is realistic and adds to the immersive 
qualities within the virtual world 
….movements (orientation) within the real world are 
accurately depicted in the Virtual world 
 
Being shut-off from external stimuli makes for a more 
immersive experience 
 
Application: RCSI Medical Training Sim 
The visual appearance of the… 
….patient and medical professionals are realistic 
….buildings are realistic 
….equipment within the emergency room is realistic 
….surgical instruments are realistic 
….chest-drain animation/procedure is realistic 
….x-rays and patient bloods/ECG are realistic 
….animations and gestures are realistic 
 
The Objects and characters were instantly 
recognisable as their real-life counterparts 
The content of the audio and voices is realistic and 
appropriate 
The decisions and diagnoses presented are realistic 
The final summative score/debrief provided clear 
beneficial feedback 
The overall medical content is accurate 
 
Potential Simulator disadvantages 
Higher quality application graphics would make for a 
better learning experience 
The lack of hand representation/interactivity within the 
application is troublesome 
The virtual reality headset gave me a nauseating 
sensation* 
 
Enjoyment of learning platform 
This was an enjoyable method of learning 
I would choose this platform of learning compared to 
other methods 

 
 
5.5 (1.0) 
5.5 (2.0) 
3.0 (0.75) 
 
5.0 (0.0) 
 
5.0 (0.75) 
 
5.5 (1.0) 
 
 
5.5 (1.0) 
 
 
 
 
5.0 (1.0) 
5.0 (1.5) 
5.0 (0.75) 
5.0 (0.75) 
4.0 (1.75) 
5.0 (2.75) 
5.0 (1.0) 
 
5.0 (0.0) 
 
5.0 (1.0) 
 
5.0 (0.75) 
5.0 (0.75) 
 
5.0 (1.0) 
 
 
6.0 (2.5) 
 
5.0 (1.75) 
 
2.5 (1.75) 
 
 
 
6.0 (1.75) 
4.0 (0.75) 
 

 
 
5.0 (1.5) 
6.0 (1.25) 
3.0 (1.5) 
 
5.0 (1.0) 
 
5.0 (1.0) 
 
6.0 (1.0) 
 
 
6.0 (2.0) 
 
 
 
 
5.0 (2.0) 
5.0 (1.5) 
5.0 (0.25) 
5.0 (0.0) 
5.0 (1.0) 
6.0 (1.0) 
5.0 (1.25) 
 
5.0 (1.0) 
 
6.0 (1.0) 
 
6.0 (2.0) 
5.0 (1.25) 
 
6.0 (1.25) 
 
 
7.0 (1.25) 
 
4.0 (1.25) 
 
2.0 (2.0) 
 
 
 
7.0 (2.0) 
5.0 (2.0) 
 

 
 
5.0 (1.0) 
6.0 (2.0) 
3.0 (1.75) 
 
5.0 (1.0) 
 
5.0 (0.75) 
 
6.0 (1.0) 
 
 
6.0 (2.0) 
 
 
 
 
5.0 (1.0) 
5.0 (1.75) 
5.0 (0.0) 
5.0 (0.0) 
5.0 (1.0) 
6.0 (1.0) 
5.0 (1.0) 
 
5.0 (0.75) 
 
5.0 (1.0) 
 
5.0 (1.75) 
5.0 (1.5) 
 
5.5 (1.0) 
 
 
6.0 (2.0) 
 
5.0 (2.0) 
 
2.0 (2.0) 
 
 
 
6.0 (2.0) 
5.0 (2.0) 

Median (IQR) *negative statement  
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The VR hardware ratings were generally favourable with median responses 5.0-

6.0/7.0 while evidence of face validity for the Serious game was generally less 

substantial, with ratings of mostly 5.0 out of 7.0. The majority agreed that the 

immersive qualities of the VR experience were assisted by being removed from 

external visual/acoustic stimuli (median 6.0) while ratings of nausea were 

generally low (median 2.0). 

 

7.4.5 Usability Testing 

The usability and focused application feedback of this serious game were 

positive with a rating of 6.0 for teaching the ALTS principles. This simulation 

was overall reported to be a useful teaching tool (combined mean 5.7 out of 7), 

but responses were less variable for the learning space in measuring trauma 

skills or simulating open chest drain insertion (medians 5.0 out of 7.0). The 

majority (58%) of instructors and candidates felt there were not currently 

enough simulators available to simulate patient management (median 3.0) 

[table 7.5].  Responses reported strong views that it is imperative that one 

attends a trauma management course before managing trauma patients 

(median 7.0), there was less strength among the audience for using VR 

simulators to practice such trauma management.  
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Table 7. 5: Virtual Reality Simulator Uses 

 Scores 
Statements Instructors 

(n=10) 
Candidates 
(n=16) 

Total 
(n=26) 

VR Application uses 
This VR Simulator would be useful in teaching medical 
graduates… 
….the ATLS principles 
….managing a trauma patient in the emergency 
department 
….insertion of a chest drain 
….diagnosing trauma x-rays 
….interpretation of patient vitals 
….diagnosing patient results 
….recognising life-threatening situations 
The RCSI Medical Training Simulator is a useful 
application in… 
….measuring one’s trauma management skills 
….simulating the steps in a chest drain insertion 
Trauma Management 
It is important that medical graduates… 
….complete a trauma management course prior to 
managing trauma patients in the Emergency Dept. (ED) 
….practice trauma management skills on an available 
VR Simulator prior to managing trauma patients in the 
ED 
….rehearse and maintain their trauma management 
skills on an available VR Simulator 
There are adequate simulators available for medical 
graduates to simulate patient management such as 
trauma protocols* 
….This simulator is a cost-effective training tool 

 
 
 
6.0 (1.75) 
5.0 (1.75) 
 
5.0 (2.0) 
5.0 (0.75) 
5.5 (1.75) 
5.0 (1.0) 
5.0 (1.75) 
 
 
5.0 (1.75) 
5.0 (1.5) 
 
 
7.0 (0.75) 
 
5.0 (1.75) 
 
 
5.0 (1.5) 
 
3.0 (1.75) 
 
 
5.0 (2.25) 

 
 
 
6.0 (1.25) 
6.0 (2.0) 
 
5.0 (2.0) 
6.0 (1.25) 
6.0 (2.0) 
5.5 (2.0) 
6.0 (2.0) 
 
 
5.5 (1.25) 
5.0 (1.0) 
 
 
7.0 (1.0) 
 
5.0 (2.25) 
 
 
5.0 (2.0) 
 
3.0 (1.5) 
 
 
5.5 (2.25) 

 
 
 
6.0 (2.0) 
6.0 (2.0) 
 
5.0 (1.75) 
5.5 (1.0) 
6.0 (2.0) 
5.5 (1.75) 
5.5 (2.0) 
 
 
5.0 (1.0) 
5.0 (1.0) 
 
 
7.0 (1.0) 
 
5.0 (2.5) 
 
 
5.0 (2.0) 
 
3.0 (1.75) 
 
 
5.0 (2.5) 

Median (IQR), *negative statement  
 

Overall, it was perceived to be an enjoyable method of learning (median rating 

6.0), the learning platform of choice (median 5.0) and a cost-effective training 

tool (median 5.0, table 7.5).  

 

7.4.6 Future VR Applications 

While participants were surveyed on their prospects for the application of virtual 

reality in a number of different areas, the highest strength was felt in the areas 

of simulating acute moulage scenarios (median 6.0), watching educational 360 

degree video content (median 6.0) and visualising difficult 3D concepts (median 

6.0) such as anatomy or patient imaging reconstructions (table 7.6).  
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Table 7. 6: Future Applications of Virtual Reality Headsets 

 

While remaining positive, less strength in usability was placed in using virtual 

reality for interacting with other medical professionals (median 5.0) or the 

simulation of technical procedures (median 5.0). 

 

 Discussion 

This proof-of-concept application on the Virtual Reality platform is the world’s 

first medical decision-making serious game on Oculus virtual reality. The 

principal aim of this study related to confirmation of feasibility and proof-of-

concept. In fact, evidence of several aspects of validity from this simulator has 

been demonstrated including a degree of the face, construct and concurrent 

(contingent on other factors) validity. 

This serious game has confirmed its ability in distinguishing decision-making 

skills between differing levels of expertise. Higher scores in these skills were 

demonstrated in the instructor group, in keeping with the gulf in knowledge and 

experience between the two cohorts. However, diagnoses variances and time 

differentiation were not significant. This may result from the relatively low-

 Scores 
Statements Instructors 

(n=10) 
Candidates 
(n=16) 

Total 
(n=26) 

Future Applications 
In your opinion, this virtual reality Oculus headset is an 
ideal platform for developing… 
….simulation procedures and operations when hand 
representation is integrated 
….developing and rehearsing medical decision-making 
skills 
….simulating critical life or death scenarios such as those 
encountered in ATLS or ACLS 
….watching pre-recorded 360-degree content such as a 
procedure or operative videos 
….interact with other medical professionals/patients to 
convey information 
….visualising difficult concepts such as anatomy for 
medical trainees/students 
….visualising difficult concepts such as patient imaging 
reconstructions (e.g. CT/MRI) 

 
 
 
5.0 (0.75) 
 
5.0 (1.75) 
 
5.0 (1.0) 
 
6.0 (2.0) 
 
5.0 (0.75) 
 
6.0 (1.0) 
 
6.0 (1.0) 

 
 
 
6.0 (2.0) 
 
6.5 (2.0) 
 
6.0 (2.0) 
 
6.0 (2.0) 
 
5.0 (1.25) 
 
6.0 (2.0) 
 
6.0 (2.0) 

 
 
 
5.0 (1.0) 
 
5.5 (2.0) 
 
6.0 (2.0) 
 
6.0 (2.0) 
 
5.0 (1.0) 
 
6.0 (2.0) 
 
6.0 (1.0) 

Median (IQR)  
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complexity content within the application such as radiological imaging and 

laboratory results. The learning curve in familiarising oneself with the 

technology and the generational ‘digital-division’ may also factor in the lack of 

time differentiation between the two groups. With increasing complexity 

scenarios these aspects may gain significance between individual levels of 

expertise. 

Performance in the course MCQ did not correlate significantly with simulator 

performance in the overall candidate group. This was highly dependent on the 

two top performing MCQ candidates. One could hypothesise a number of 

reasons for this including that knowledge transferability to the VR simulator may 

be again impacted by the initial learning curve with the new technology. The 

MCQ also tests a far broader range of content and not predominantly decision-

making skills.  

Feedback from the electronic survey was predominantly positive. Both 

instructors and participants reported strongly positive visual immersion levels 

with the VR hardware of 5.5 and 6.0 respectively. The majority (88.5%) felt that 

being removed from the external stimuli added to the immersive experience. 

The realism of the simulator content was reported favourably throughout all 

areas, with a minimum score of 5.0 (median). Both participant groups reported 

strongly positive enjoyment levels with the simulator and felt it was a cost-

effective learning tool at the current market value (median 5.0-5.5). Instructors 

were less enthusiastic in choosing this as a platform of choice for learning 

compared to candidates (median 5.0). We propose a number of factors for this 

discrepancy, which may be due to the individual level of experience with 

technology and ‘the digital-division’ (Mosadeghi et al., 2016). Most simulators 

are targeted as educational and assessment tools for trainees rather than 

experts; thereby appealing to the target audience should be a significant factor 

in simulator technologies. Reports indicate underuse of expensive, high fidelity 

simulators in the past due to lack of accessibility and enjoyment factors (Chang 

et al., 2007). The Oculus Gear VR may overcome both of these deterrents, due 

to its portability, size and appealing immersion. 

Several areas of improvement were indicated from the survey feedback. 

Responses to the 3D audio immersion and touchpad interface were reported 
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less favourably (median 5.0) and may highlight areas for improvement in future 

iterations of the technology. This, in combination with the integration of hand 

representation/interactivity within the virtual space, may benefit the overall 

experience as 54% of responses suggest (median 5.0). The majority (84.6%) of 

responders reported that improved graphics would add to the learning 

experience and we believe enrichment of content is within the capabilities of the 

hardware. Future developers should focus on increasing graphics quality and 

not solely functionality of medical applications.  

The serious game was perceived as a useful teaching and assessment tool in a 

number of fields. The majority of participants felt that practising and maintaining 

trauma management skills on a VR simulator was important. However, they 

reported that inadequate VR simulators were currently available for use (median 

response 3.0).  

A sensation of nausea has been reported with previous VR experiences due to 

stimuli mismatches between the visual and vestibular senses (Diniz-Filho et al., 

2015). This may be a subjective response or be specific to a given virtual reality 

experience. This medical application has mostly stationary interactions, and 

therefore levels of nausea were reported as low (median 2.0 of 7). Due to the 

placid nature of medical interactions, there are no reasons why future 

simulations would be associated with significant VR-related nausea.  

Several limitations should be appreciated for this study’s results. As a small 

single-centre study, participants were predominantly male and mostly 

representative of general surgery, orthopaedic surgery and emergency 

medicine disciplines. This may not adequately represent the overall medical 

population with gender and speciality variances, however considering the 

application content, one may postulate the participants in this trial were 

representative of the target audience. This potential selection bias may 

positively skew survey results. Comparing groups with extremes of experience 

(instructors vs candidates) as with this study may inherently result in significant 

results. The instructor group was inherently older and predominantly male 

compared to the novice group.  The study demonstrated incomplete data in 

achieving simulator completion and survey feedback. Although the majority of 
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participants (66%) completed both, data failing to represent all participants may 

introduce non-response bias.   

In an attempt to reduce acquiescence bias in feedback, bipolar scales with 

verbal explanations were presented to participants in the electronic survey after 

course completion and without observation. However one must appreciate that 

this, in combination with the novelty factor of the technology in 88.5% of survey 

responders, may positively impact feedback data.  

Although this study has demonstrated evidence of a serious game’s ability to 

differentiate decision-making skills and potentially a platform of learning into the 

future, we have not investigated the application as a learning tool or the 

transferability of associated learning to real practice.  

 

7.5.1 Future Applications 

Future development prospects for VR in medicine are numerous, and the 

challenge lies in anticipating the most beneficial fields of application. Virtual 

reality may not replace the learning and experience of managing a real-life 

patient but could provide another tool in the simulation arsenal for medical 

trainees, particularly in the home environment. 

Whether future VR developments focus on immersive 360-degree video content 

such as operative/team dynamics or develop decision-making scenarios, 

ventures are bound to be fruitful. Survey feedback suggests (median response 

6.0) virtual reality may be a suitable platform for visualising complex 3D-

structures such as anatomy learning or reconstructed patient imagery for 

diagnosis. Virtual reality could have the potential to be a viable tool for 

interpreting radiology or other medical imaging. The possibilities in the medical 

profession for both training and diagnostics are endless. 

Virtual reality has massive potential and may be the pinnacle of learning 

platforms. Innovators must ensure that simulation modalities are evolving at a 

comparable pace as the medical technologies which we use on real patients. 

VR is another tool for the clinician to expand their knowledge and decision-

making skills while bolstering already validated educational methodologies.  

Medical training is slowly moving away from the operating-room metaphor as 
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“the surgeon’s classroom and laboratory extraordinaire”(Strodel and Zelenock, 

1986). As aptly described over a decade ago (Gorman PJ, 2000): “The future of 

medical education is no longer blood and guts, it is bits and bytes”(Gorman et 

al., 2000). 

This study has demonstrated the development and trialling of the world’s first 

medical decision-making serious game on the Oculus VR platform. This proof of 

concept application has demonstrated evidence of multiple areas of validation. 

Feedback has been positive. It is the authors’ aspirations that this study 

provides foundations for future medical developers on this platform. 

Due to its highly immersive qualities and facility to augment included content, 

this virtual reality platform may be ideally suited for operative video content or 

learning procedural content. Further study is necessary to provide evidence of 

their utility. 
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 Introduction 

Although video-based teaching has complimented medical education for a 

considerable time, it may occupy a more significant role in the near future. As 

previously described, global working time directives are restricting operative 

exposure among surgical trainees (de Blacam et al., 2016; Thomas et al., 2015; 

Bell et al., 2009). The role of simulation is becoming established in trainee 

training, and we may be seeing a learning shift from active participation to 

passive observation, owing to financial and temporal restrictions (Evans and 

Schenarts, 2016). In the current era, surgical educators lack confidence in the 

technical ability of their trainees to operate independently (Griner et al., 2010). 

The recent technological advances in virtual and augmented reality may have a 

role in compensating for diminished operative exposure.  

Engaging the trainee audience remains challenging for most surgical educators 

as distractions can be detrimental to learning (Kuznekoff and Titsworth, 2013). 

With significant staff and monetary resources invested in simulation and 

surgical education, trainers may not have adapted their teaching styles to befit 

the newer generation (Engels and de Gara, 2010). Perceptions among students 

are that e-learning technologies positively transform learning (O'Donnell and 

Sharp, 2012). Although the ‘digital division’ between student and mentor is well 

described (El Bialy and Jalali, 2015; Roebuck et al., 2013), it may be widening 

with the recent pace of technological advances. In this digital age, the surgical 

technologies used in everyday operations may far outstrip the fidelity of 

simulation and learning used to underpin these techniques. 

Surgical trainees frequently rely on videos to re-enact the operative steps and 

techniques in anticipation of future experiences. These didactic videos are 

accessible outside of the teaching institute or hospital, an example of 

technology-enhanced learning available on a number of media in the home 

environments. Typically, surgical e-learning was intricately tied with operative 

videos in 2-dimensional (2D) format, but 3-dimensional (3D) recordings are 

becoming available, which provide a more realistic illusion of depth (Park et al., 

2017). Although current videos provide a focused re-enactment of the 

operation, the viewpoint is limited and abstract owing to their inherent inability to 

manipulate the perspective. 
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Figure 8. 1: 360 Degree Environment Conceptualisation 

With recent advancements in virtual reality and camera technology, 360º videos 

are slowly emerging in entertainment, where traditionally the novelty lay with 3D 

recordings. These videos provide visualisation of the environment in all 

perspectives simultaneously (figure 8.1), enabling users the observation as if 

immersed in the location. However, videos of operative material are scarcely 

available in this format owing to the technology′s recent release. Feedback from 

medical professionals in Chapter 7 (Harrington et al., 2017a) suggest that virtual 

reality may be a suitable platform for the development of operative videos. 

While panoramic images and video have existed in primitive forms since the 

early 1990’s to early 21st century respectively, the 360-degree video technology 

recently became popular in 2015 after popular cloud host platform YoutubeTM  

began supporting the platform. Historically, viewers required surrounding 

screens to visualise the panoramic imaging, but with the development of the VR 

gaming and entertainment headset technology previously described, the 

viewing experiences are now available in the home environments. These videos 

induce measurable awe amongst viewers compared to standard two-

dimensional renditions, potentially due to the associated sense of presence  

(Chirico et al., 2017). This awe factor may be ideally suited to motivating 

audiences through technology enhanced learning. 

This study sought to research the development of high quality, 360-degree 

didactic operative videos and augment these with educational material, using 

consumer-available technologies. Subsequently, this research was determined 

to evaluate this video development for benefits over traditional formats. 
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 Objectives 

8.2.1 Hypothesis 

This research hypothesised that the immersion and stimulus of an operative 

video in 360 degrees would heighten attention, retention and engagement 

amongst a medical audience. By using a platform that limits external stimuli 

(audio-visual) such as Virtual Reality, we believed it would have a significant 

and measurable impact on information retention and positive feedback.  

The present study aimed to ascertain if the medical profession would view this 

gaming and entertainment platform as a potentially beneficial platform for 

viewing educational videos.  

The primary aim of this study was to assess for feedback of 360-degree 

operative videos across a number of devices, amongst medical professionals 

and students through a preliminary phase (phase #1) of this study. By seeking 

feedback, this research aimed to optimise the video experience across viewing 

platforms and determine if it is a beneficial platform for learning for future 

students and trainees in medicine.  

Secondarily, we aimed to determine if 360-degree operative videos improve 

attentiveness and retention of information compared to traditional formats, 

through a secondary study phase (phase #2). By optimising the viewing 

experience from feedback from study phase #1 and assessing this revision as 

an intervention in phase #2, it may justify future use of 360-degree videos for 

medical education.  
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8.2.2 Detailed Objectives 

Objective 1. To develop and appraise a 360-degree operative video 
amongst medical professionals and the student body (phase #1). 

In study phase #1 of this study, this study aimed to describe the development of 

a 360-degree operative video augmented with educational content and seek 

meaningful feedback from both medical professionals and students on the 

experience for varying visualisation platforms.  

 

Objective 2. To determine the variance of attentiveness between 360 
degree and two-dimensional videos (phase #2). 

Using phase #1 results, this research aimed to further develop the operative 

video experiences and assess the platform amongst a student population. 

Following this video optimisation, this research aimed to assess the variance in 

attentiveness levels of the 360-degree video compared to the traditional two-

dimensional format, through a single-blinded randomised cross-over study. 

 

Objective 3. To determine if the removal of external stimuli in 360-degree 
videos improves the frequency of Task Unrelated Images and Thoughts 
(TUIT) (phase #2). 

This research further aimed to determine if participants experienced less TUIT 

or ‘daydreaming’ when immersed in the 360-degree video as compared to the 

two-dimensional format.  

 

Objective 4. To determine if 360-degree operative videos improve 
retention of information compared to two-dimensional videos (phase #2). 

The final aim was to evaluate variances in information retention between the 

360 degree and two-dimensional video formats. 
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 Materials and Methods (phase #1) 

8.3.1 Camera Hardware and Setup 

 

Figure 8. 2: Camera Hardware (a) GoPro Omni, Photix Pole and Kupo 
Clamp (b) Theatre camera Fixation & Setup 

A GoPro (California, United States) OmniTM (MHDHX-006) camera rig was 

inverted and suspended over the operating table during an elective 

laparoscopic cholecystectomy procedure in a tertiary teaching hospital. This 

camera rig incorporated six GoPro Hero4TM Black edition cameras orientated in 

a synchronised cube array (figure 8.2). The array’s synchronised hub allows the 

simple user configurations across all cameras and precise pixel-level 

synchronisation (2016b). The cameras recorded high definition video (3:2 

aspect ratio, 30 Frames Per Second) onto six 128 Gb memory cards. The 

camera mounting system utilised Phottix (Hong Kong, China) P-62 Variable 

pole and Kupo (NewYork, United States) 9-inch (23cm) Super Viser Clamp in a 

vertical semi-rigid configuration. Simultaneously, a standard 2D High Definition 

Camcorder (Canon [Tokyo, Japan] XA10) recorded theatre participants and the 

operative site in 1080p (progressive) resolution.  
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8.3.2 Video-Editing 

 

Figure 8. 3: Equirectangular Video Stitching 

The video content from the six GoPro Hero4 Black cameras was merged into a 

single equirectangular video (3840 x 1920 resolution) using Kolor (Francin, 

France) Video ProTM and GigaTM software editions (figure 8.3). This video was 

subsequently edited using Adobe (California, United States) AftereffectsTM and 

Mettle (Montreal, Canada) SkyboxTM Studio Plugin (Version 2) on a Desktop-

Computer (Microsoft [Washington, United States] Windows 10TM). The Mettle 

Skybox software provided authors with the ability to input text, images and the 

2D video superimposed on the 360-degree video.  

 

Figure 8. 4: Primary 360º Degree Screenshots 
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The video was augmented with patient radiology (ultrasound and magnetic 

resonance cholangiopancreatography images) and an artificial 2D screen, 

alternating between the laparoscopic camera and the 2D camera feed (figure 

8.4). The 2D camera feed provided close visualisation of the surgeons and 

operative site while allowing adjustment of aperture for intense theatre lighting. 

Both the 360-degree video and 2D screen were synchronised to match a given 

time period.  

 

8.3.3 Viewing Devices 

 

Figure 8. 5: Viewing Platforms (a) Oculus Rift (b) Samsung Gear VR (c) 
Google Cardboard and smartphone (d) Laptop PC, Tablet or smartphone 

 

After video-production, the completed 360-degree operative video was piloted 

and made available for viewing on a number of devices (figure 8.5). The 

recording was stored locally on the Oculus (California, United States) Rift and 

Samsung (Suwon, South Korea) GearVRTM headsets for immersive 

experiences and available for streaming to other devices such as google-

cardboard headsets. 

This also allowed potential viewing on a computer, tablet or smartphone 

devices, with the rotational video capabilities provided by a mouse, touch 

screen or smartphone gyroscope inputs. 
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8.3.4 Study Design 

Two events were chosen for feedback, appraisals and evaluation of face validity 

of this video development, in January and February 2017 - the annual RCSI 

medical open day and a national research conference, the RCSI Charter day.  

 

8.3.5 Participants 

 

Figure 8. 6: Google Cardboard Platform Experience 

 

At the medical open-day, 158 students were provided with a google-cardboard 

device and streamed the 360-degree video to their compatible smartphones 

during VR breakout sessions (figure 8.6-8.7). Due to the high network 

bandwidth anticipated in streaming these high-resolution videos to multiple 

devices, a period of piloting was undertaken before the day. This required 

stress testing the network and subsequent bandwidth allocation/protection 

during the designated VR sessions.  

 

Figure 8. 7: Virtual Reality Operative Video Workshops 
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Attendees were invited to trial the 360-degree video at a research conference 

(RCSI Charter Day) in February 2017. Platforms of viewing included the high 

fidelity headsets: the Oculus RiftTM and Samsung (Seoul, South Korea) GearTM 

VR or the more basic Google (San Jose, United States) CardboardTM (Samsung 

GalaxyTM S6 incorporated). While all aforementioned platforms were available 

for viewing, the centrepiece of the viewing stand involved the Oculus Rift which 

simultaneously streamed through to an LCD Television depicting the 

participant’s viewing experience. Participants were invited to complete an 

anonymous survey at the venue subsequent to the video experience. 

 

8.3.6 Post-Experience Survey 

An anonymous electronic survey was distributed retrospectively by email to the 

medical open-day attendees, inviting participants to complete the survey at their 

discretion. 

This 12 points anonymous survey was built on an electronic platform. The 

survey involved several aspects relating to demographics and Likert scale 

questions relating to immersion quality, entertainment value and level of 

attention. The majority of questions were scaled 0 to 10 (0 extremely negative 

and ten extremely positive responses). The questions were posed in a 10 point 

Likert scale, and the majority of participants completed the survey electronically 

without author observation. 

 

8.3.7 Statistical Analysis 

Statistical Analyses was conducted using IBM (New York, United States) 

SPSSTM version 22 on WindowsTM 7 (Microsoft, 64 bit). Simple descriptive 

statistics were performed. Responses were converted to statements in a ternary 

plot using aggregated data with responses: 7-10 deemed agreeable, 4-6 as 

average/neutral and 0-3 as disagreeing. Student’s t-test and Fisher's exact test 

(Freeman Halton extension) were utilised to assess for significances between 

viewing devices where appropriate. A p-value of <0.05 was deemed significant.  
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 Results (phase #1) 

8.4.1 Participants 

Nineteen conference attendees and twenty-three students completed the 

survey with a survey response rate of 90.5% and ≥14.6% respectively. Two 

student responders were subsequently excluded from analysis due to minimum 

age restrictions (specified within invitation email). The mean age of responses 

was 26.7 ± 11.6 years with 62.5% male predominance (table 8.1).  

Fifty per cent of participants used the basic google-cardboard devices, and 

47.5% used the higher fidelity Oculus Rift for viewing the 360-degree operative 

video.  
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8.4.2 Survey Responses 

Table 8. 1: Survey Feedback 

 

Across all devices, the majority of participants recommended the experience 

(mean response 8.7) and felt it was a beneficial platform for learning (mean 

response 8.1 out of 10). The mean level of immersion amongst responses was 

7.4 out of 10. 62.5% of responders would choose this platform for video learning 

over 2D or 3D versions (figure 8.8). Level of attentiveness during the 

experience was self-reported as relatively high with the majority of responders 

(72.5%) reporting 75-100% of their attention captured.  

 Conference 
Attendees 
(n=19) 

2nd-Level & 
Medical Students 
(n=21) 

Total 
(n=40) 

Age  35.8 ± 11.1 18.4 ± 0.7 26.7 ± 11.6 
Gender 
    -Male 
    -Female 

 
17 (89.5) 
2 (10.5) 

 
8 (38.1) 
13 (61.9) 

 
25 (62.5) 
15 (37.5) 

Viewing Device 
    -Oculus Rift 
    -Samsung Gear VR headset 
    -Google Cardboard 
    -Computer, Tablet or Mobile-phone 

 
19 (100) 
- 
- 
- 

 
- 
1 (4.8) 
20 (95.2) 
- 

 
19 (47.5) 
1 (2.5) 
20 (50.0) 
- 

Would you recommend this 360º 
experience? 

9.3 ± 1.4 8.1 ± 2.2 8.7 ± 1.9 

Do you feel this is a beneficial platform 
for learning? 

9.1 ± 1.4 7.2 ± 2.4 8.1 ± 2.1 

How immersed in the environment did 
you feel? 

8.7 ± 1.6 6.2 ± 2.4 7.4 ± 2.4 

Did you feel this experience was 
entertaining? 

9.2 ± 1.5 8.0 ± 1.9 8.6 ± 1.8 

Would you prefer educational 
operative videos in 
    -2 Dimensional (2D) 
    -3 Dimensional (3D) 
    -360 Degree 
    -Unsure 

 
 
- 
2 (10.5) 
13 (68.4) 
4 (21.1) 

 
 
2 (9.5) 
4 (19.0) 
13 (61.9) 
2 (9.5) 

 
 
2 (5.0) 
6 (15.0) 
26 (65.0) 
6 (15.0) 

Did you feel this video captured your 
attention during its duration? 
    -100% Fully attentive 
    -75% Attentive 
    -50% Moderately Attentive 
    -25% Attentive 
    -0% Attentive 

 
 
11 (57.9) 
7 (36.8) 
1 (5.3) 
- 
- 

 
 
5 (23.8) 
6 (28.6) 
8 (38.1) 
1 (4.8) 
1 (4.8) 

 
 
16 (40.0) 
13 (32.5) 
9 (22.5) 
1 (2.5) 
1 (2.5) 

Did you feel the augmented 
educational content was beneficial? 

9.2 ± 1.3 7.8 ± 2.2 8.4 ± 2.0 

Level of Nausea with experience 2.2 ± 2.5 2.1 ± 2.5 2.2 ± 2.5 

Mean ± SD, n (percent in parentheses). 
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Level of nausea was self-reported at 2.2 amongst all participants but ranged 

from 0-8 out of 10. The majority of responders felt that the additional augmented 

2D imagery and video content were beneficial, with a mean response of 8.4. 

 

8.4.3 Variance in Feedback between Viewing Devices 

An analysis of participant feedback between the Oculus Rift and Google 

cardboard viewing devices was performed. The Samsung Gear VR headset 

platform was omitted as it encompassed only 2.5% of responses and had 

previously been assessed for face validity and usability feedback in Chapter 7 

(Harrington et al., 2017a). Participants from the Oculus Rift experience 

(conference attendees) recorded significantly higher feedback (p=0.043) on 

recommending the experience (mean 9.26 ± 1.37 vs 8.05 ± 2.16) and felt the 

augmented material was beneficial  (mean 9.22 ± 1.31 vs 7.70 ± 2.23, 

[p=0.014]) but no significant variance in nausea, learning benefit, immersion or 

entertainment level, compared to the google cardboard (medical open-day 

attendees). While there were no significant variances (p=0.468) in preference 

for a video-type (2D vs 3D vs 360 degree) between viewing devices, 

participants utilising the Oculus Rift reported higher self-perceived levels of 

attentiveness (p=0.018, [Fisher’s Exact Test]). 

 

 

Figure 8. 8: Ternary Plot of Phase 1 Participant Feedback 
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 Methods (phase #2) 

8.5.1 Video Optimisation 

 

Figure 8. 9: Optimised 360 Degree Video Screenshots 

An attempt at further optimisation of the 360-degree video was implemented 

following responses from phase #1 feedback. This was based upon the 

significantly higher feedback from the increased fidelity experience (Oculus Rift) 

which included higher recommendations, higher perceived attentiveness and 

improved perceptions of the augmented educational material. Frequent didactic 

audio was further integrated throughout the operative video, describing 

anatomical structures and surgical techniques where appropriate. Further 

anatomical diagrams and operative educational imaging were superimposed 

and alternated with informatics at relevant points during the surgical procedure. 

While the improved feedback was based on the Oculus Rift platform, using this 

single device as a randomised intervention was not feasible due to its limited 

availability. Consequently, devices of an intermediate fidelity level (Samsung 

Gear VR) as described previously, were utilised in phase 2.  

 

8.5.2 Study Setting 

Phase two involved a randomised single-blinded cross-over (2 × 2) study. This 

was conducted from June to July 2017 in the Dublin-based New Academic and 
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Educational Building (NAEB) of the Royal College of Surgeons in Ireland 

(RCSI).  

 

8.5.3 Participants 

Participants were consecutively enrolled from preclinical years of a medical 

university. Any participants from clinical undergraduate years (≥fourth year) 

were excluded from the study. All participants voluntarily consented to 

participation. 

 

8.5.4 Video Intervention and Trialling 

The final operative video (10 min duration) was available for visualising in 

equirectangular panorama (2D) format on a 75-in Sony LED television or 360-

degree video format using Samsung (Suwon, South Korea) Gear-VR headsets 

(figure 8.10).  

 

Figure 8. 10: Viewing Platforms (a) Augmented 2D (b) Augmented 360-
degree video experience 

 

8.5.5 Participant Randomisation 

Participants were randomly assigned to group A or group B sequentially in a 1:1 

ratio by recruitment number. Interventions and group assignment were coded 

and stored by co-authors with the primary author blinded to assignments. 

Individuals in group A (maximum of 3 participants per session) experienced the 

360-degree video initially followed by the 2D video. In group B the video order 

was reversed. Each video was probed by a visual stimulus at four time-periods 
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of 3, 5, 7, and 9-minute duration, and participants completed two questions 

relating to the presence of task-unrelated images or thoughts (TUIT) and 

subjective level of engagement at each time probe.  

 

8.5.6 Attentiveness Measure 

This self-reported instrument evaluated participants for the frequency of mind 

wandering during their experiences. The frequency of TUIT was evaluated by 

the self-caught method (Giambra, 1995) and involved participants recording 

binary (yes/no) responses if they experienced a TUIT at each time probe. 

Demand characteristics are minimised with this technique as the participant’s 

daydreaming frequency is reported, but thought content is not divulged 

(Lindquist and McLean, 2011). 

 

8.5.7 Information Retention Measure 

After each video, participants completed one of two standardised question 

banks (eight-point multiple choice) related to the video content. The question 

content focused on applied surgical technique/anatomy and materials, 

knowledge unfamiliar to preclinical undergraduate students. These question 

banks were randomly distributed from a generated pool and evaluated among 

authors for overall complexity before being piloted on preliminary participants 

for feedback.  

 

8.5.8 Feedback Survey 

At study completion, participants completed a 15-point questionnaire with a 

series of open/closed and Likert-scale questions related to demographics and 

their video experiences (360 degree vs 2D). The entire testing phase lasted in 

total 30 minutes per participant at a single sitting. 
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8.5.9 Statistical Analysis 

Statistical Analyses was conducted using IBM (New York, United States) 

SPSSTM version 22 on WindowsTM 7 (Microsoft, 64 bit). Simple descriptive 

statistics are presented on engagement levels, TUIT responses and question 

banks for each video-platform at each time point. A mixed-effects analysis with 

the participant as a random effect and platform and time-point as fixed effects 

were performed (crossover analysis). To ascertain a potential carryover effect, 

video-platform sequence was also included in the models. Statistical 

significance was determined at the 5% level. Feedback responses were 

converted to statements in a ternary plot using accumulated data with 

responses: 7 to 10 deemed agreeable, 4 to 6 as neutral, and 0 to 3 as 

disagreeing. Manual coding of free text comments was performed for open-

ended survey responses. Ethical approval was granted for this study by the 

regional ethics committee (REC 1347b).  

 

 Results (phase #2) 

 

Figure 8. 11: Participant Flow 
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A total of 40 undergraduate students participated with 100% achieving study 

completion (figure 8.11). One additional participant was excluded owing to 

occupying an undergraduate clinical stage. The mean age of responses was 

23.2 ± 4.5 years with equal gender involvement (table 8.2). Approximately 83% 

were undergraduate medical students, and 67.5% had not experienced 360-

degree videos before. 

Table 8. 2: Participant Demographics and 360° Video Feedback 

Variable Total 
(n=40) 

Gender (Female) 20 (50.0%) 
Age 23.2 ± 4.5 
Undergraduate Year 1.7 ± 0.7 
Undergraduate Course Medicine 

Physiotherapy 
Pharmacy 
Biomedical 

33 (82.5) 
3 (7.5) 
3 (7.5) 
1 (2.5) 

History of 360° Video Use (Yes) 13 (32.5) 
Recommend 360° Video 8.7 ± 2.1 
Beneficial for Learning 8.3 ± 1.7 
Level of Immersion in 360° Video 8.6 ± 1.2 
Entertainment Value 8.9 ± 2.3 
Preferable Video Platform 2D 

360 Degree 
Unsure 

7 (17.5) 
26 (65.0) 
7 (17.5) 

360° Engagement overall 100% 
75% 
50% 
25% 
0% 

18 (45.0) 
20 (50.0) 
2 (5.0) 
0 (0) 
0 (0) 

Benefit in Augmented Content 8.0 ± 2.3 
Level of Nausea 0.7 ± 1.6 
n (%) for categorical data, mean ± SD for continuous 

 

8.6.1 Analyses of Engagement and TUIT levels 

Cross-over analysis revealed significantly higher engagement level with the 360 

degree video platform (p < 0.0001) and across time periods (p = 0.0007) with no 

significant carryover effect (p = 0.9722). A significantly lower TUIT was 

determined overall for the 360 degree platform (p < 0.0001) and across time 

periods (p = 0.0005) with no significant carryover effect (p = 1.000). 
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Table 8. 3: Video Platform Variances 

Variable Video 360 
(n=40) 

Video 2D 
(n=40) 

Estimated 
Difference 
(360-2D)* 

p-value* 

TUIT Probe 1 (3 mins) No 
Yes 

38 (95.0) 
2 (5.0) 

33 (82.5) 
7 (17.5) 

-0.13 0.0997 

TUIT Probe 2 (5 mins) No 
Yes 

36 (90.0) 
4 (10.0) 

30 (75.0) 
10 (25.0) 

-0.15 0.0484 

TUIT Probe 3 (7 mins) No 
Yes 

32 (80.0) 
8 (20.0) 

27 (67.5) 
13 (32.5) 

-0.13 0.0997 

TUIT Probe 4 (9 mins) No 
Yes 

31 (77.5) 
9 (22.5) 

23 (57.5) 
17 (42.5) 

-0.20 0.0087 

TUIT Probe Total 0.6 ± 1.1 1.2 ± 1.2 -0.60 0.0021 
Immersion/engagement  Level Probe 1  
(3 mins) 8.8 ± 1.3 7.9 ± 1.9 0.90 0.0025 

Immersion /engagement Level Probe 2  
(5 mins) 8.7 ± 1.4 7.7 ± 1.6 0.93 0.0019 

Immersion/engagement  Level Probe 3 
(7 mins) 8.3 ± 1.6 7.2 ± 1.7 1.03 0.0006 

Immersion/engagement  Level Probe 4  
(9 mins) 8.3 ± 1.5 6.8 ± 2.1 1.50 <0.0001 

Quiz Performance 4.6 ± 1.6 5.1 ± 1.7 -0.55 0.1427 
n (%) for categorical data, mean +/- SD for continuous variables. *Cross-over Analysis 

 

Analyses of the video probes (table 8.3) revealed that the 360-degree video 

demonstrated significantly higher (p < 0.01) engagement levels across all four-

time points and the significance became stronger as the video progressed (p < 

0.0001 at 9 min). The analyses also revealed significantly higher (p = 0.0021) 

TUIT in the 2D video experience overall (estimated difference −0.60).  

 

8.6.2 Analyses of Information Retention 

On evaluation of information retention, there were no significant variances found 

in quiz performance between video formats (estimated difference = −0.55, p = 

0.1427) and no carryover effect identified (p = 0.2284). 

 

8.6.3 Survey Feedback 

Almost two-thirds of participants reported choosing 360-degree videos as their 

platform of choice, whereas the remaining responders were divided between 

undecided and the 2D format (table 8.2.). A total of 95% of participants self-

reported a level of engagement of at least 75% for the duration of the 360-
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degree video. The 360-degree video received favourable feedback from 

participants with most recommending the experience (mean score 8.7). 

Participants reported it as a beneficial platform for learning (mean 8.2), 

entertaining (mean 8.9), and immersive (mean 8.6) (figure 8.12). 

 

Figure 8. 12: Ternary Plot of Phase 2 Feedback Responses 

 

Qualitative analyses of open participant comments for aspects of the 2 video 

platforms (360 degree vs 2D) revealed: engaging/immersive (50% vs 2.5%), 

interesting (7.5% vs 0%), easier to focus (2.5% vs 15%), retention benefits 

(2.5% vs 0%), content assimilation (2.5% vs 0%), interactivity (5% vs 0%), less 

distracting (2.5% vs 5%), simpler technology benefit (0% vs 7.5%), and less 

nausea (0% vs 2.5%). 

 

 Discussion 

This study has described the successful production and distribution of a 360-

degree operative video to medically orientated students and professionals using 

consumer-available technology. This 360-degree experience was successfully 

augmented with 2D video and educational imagery. Feedback from participants 

was positive, with overall responses perceiving the experience as both 

entertaining and beneficial to learning, while demonstrating significant variances 

in appraisal between the video platforms. Secondarily, this study was to assess 

the variance in attentiveness between 360 degree and 2D video formats. This 



256 
 

study demonstrated higher engagement and attentiveness (lower TUIT) 

associated with the 360-degree format. However, there were no significant 

variances determined for information retention. 

Rather than an abstract viewing of a 2D video on a screen, the 360-degree 

platform provides participants with a sense of immersion/presence in the 

environment (mean response 8.6, phase #1) and to experience rather than 

observe the surroundings. This more active observation may heighten 

understanding and learning as theories such as Edgar Dale’s Cone of Learning 

suggests (Dale, 1946). With almost complete visual and auditory immersion, 

this engaging platform may overcome some of the acoustic or optical 

distractions in the environment that may impede effective learning (Craik, 2014). 

Participants perceived the 360-degree experience as engaging with almost two-

thirds reported being at least 75% attentive during its entirety. Level of 

attentiveness with educational platforms is critical with mind-wandering 

negatively correlating with learning outcomes for both formal and video lectures 

(Szpunar et al., 2013). 

Video-based teaching has been demonstrated to be effective in a number of 

areas including the reinforcement of practical skills training and compliance with 

theatre safety protocols (Salina et al., 2012; Overdyk et al., 2016). Videos can 

increase medical-practitioners’ comfort levels with specific procedures 

(Srivastava et al., 2012). Traditionally, reviewing a surgical procedure and 

operating room was conveyed to trainees in formal or distant learning using 2D 

or 3D video technologies. However, observing one-part in a well-oiled machine 

may not convey understanding to an apprentice. The 360-degree videos 

provide the whole picture to an audience. They provide valuable insights into 

the complex interpersonal interactions that occur with the entire theatre team 

throughout an operative procedure. This may provide an array of opportunities 

to not only educate but also study human behaviour and interactions in a 

stressful environment. 

With increased pressures on optimum code-blue and trauma-scenario training, 

360-degree videos have the ability to capture these complex team-interactions 

between medical professionals, nurses, and ancillary staff. This may play a role 

as a learning tool in team building, communication skills development and 
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responsiveness, to reinforce behaviours and increase patient safety. Aspects of 

team-training for virtual reality have been identified as useful developments in 

the future (Olasky et al., 2015; Harrington et al., 2017a). As it can be assessed 

retrospectively, it may further occupy a role in formal-examinations and hospital-

based audits. 

Although being described as a 360-degree video platform, it is the authors’ 

aspirations that the medical community appreciates it as a learning 

environment. As presented in this study, the platform allows assimilation of 

multiple learning resources into the spherical environment and the 

augmentation of material with 2D/3D images, videos, animations, infographics, 

or relevant anatomy. It may provide an alternative model or stream for 

education to accompany current pedagogical approaches. By fully immersing 

users in virtual reality headsets it presents a collaboration of educational 

material in a single environment. 

Despite the ever-increasing fidelity and expense of simulator modalities and 

educational resources, research suggests that they are significantly 

underutilised by trainees in a voluntary capacity. With working time restrictions 

in place across many nations, further emphasis on asynchronous lower-order 

learning in the home environment is essential (Kurup and Hersey, 2013). We 

have described the relative ease in delivering a 360-degree video to headset 

compatible devices. Although it would be optimistic to suggest virtual reality 

headsets can be found in most educators’ homes since their recent conception, 

the authors believe that it should be considered a viable platform for medical 

education and videos into the future. 

As aptly described over a decade ago (Prensky, 2001b), “Today′s students are 

no longer the people our educational system was designed to teach.” We must 

adapt education methods to accommodate for these evolving and varying 

learning styles (DiLullo et al., 2011). 

 

8.7.1 Limitations 

As a single centre study, one must acknowledge the relatively small participant 

numbers may serve as bias. Furthermore, the limited response data in phase 
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#1 may not adequately reflect specific group views and may be altered by non-

response bias.  Survey questions were posed in 10-point bipolar scales with 

labelled explanations to reduce acquiescence bias. One must be conscious that 

this, as well as the novelty factor of the new technology (67.5% of participants, 

phase #2), may positively influence results. 

Self-reported levels of nausea were low (mean 2.2/0.7, phase #1/#2) but varied 

substantially from 0 to 8 among participants suggesting a subjective component 

is involved. Virtual reality nausea is well described in the literature (Tanaka and 

Takagi, 2004) and is owing to conflicts between the visual and vestibular 

senses. As the camera in this experience was stationary and contents were of 

low velocity, virtual reality-induced nausea was minimised. 

As with any new technology, the novelty and exclusivity tend to inflate the 

expense. The consumer available GoPro camera array and Adobe video 

software (Creative Cloud) are approximately €5639.87 at current market value. 

This involved a single investment of €5399.99 for the camera array and an 

annual subscription of €239.88 for the video-editing software. The camera setup 

is relatively simplistic, but additional staff-time involved in postproduction editing 

must be incorporated into anticipated costs. Editing time depends on the 

duration and complexity of the procedure but may require between five and ten 

hours excluding video rendering time. These processes may be shortened as 

the technology develops and adoption rates improve. With increased expenses 

relative to traditional video recordings, the cost-effectiveness of this new 

technology is open to debate. 

This study was unable to ascertain retention benefits of one video format to 

another. This may have been owing to the retention questionnaires being 

technically orientated rather than observationally minded. Although alternating 

standardised question banks were implemented in each study sequence to 

reduce the carryover effect, the lack of consistent outcome measures across 

the two video interventions may have altered results. 

Although the volume of 360-degree videos is likely to increase, further study 

into the potential information retention of the platform is required. As both 

engaging and immersive, this novel video platform delivers significant e-benefits 

to audiences and may appeal to modern learning styles. The 360-degree videos 
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may add a new dimension to education including orientations to new 

environments, team training, and formal-examinations across multiple 

disciplines. Rather than solely the technical nuances of operations, the 

applications of these videos may prosper with more junior medical personnel or 

students as an aid to theatre induction and protocols for safe practices. These 

provide a re-enactment of the simulated environment without risk of 

contamination by untrained personnel. They may supplement the traditional and 

often abstract experiences that occur for untrained observers in the theatre 

environment. 

Owing to the recent release of 360-degree videos, the learning curve 

associated with any new technology must be appreciated, and niche 

educational applications of these videos may become more apparent over time. 

Higher fidelity virtual reality (3D 360 degree) videos are in development which 

provides 3D depth in all dimensions. These 3D 360-degree camera arrays such 

as the GoPro Odyssey may add further perspective but are significantly more 

expensive (2016a). 

This study has described the successful development, distribution and 

evaluation of an educationally augmented 360-degree operative video. This 

new video format demonstrated improved attentiveness and engagement 

amongst participants. Feedback from medical students and professionals has 

been positive. It is the authors’ aspirations that this study provides a foundation 

for further developments on this video platform. 
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 Aims of Thesis 

The primary aim of this dissertation was to identify competitive factors to trainee 

technical and non-technical skill acquisition. In essence, this research aimed to 

identify significant variables that demonstrate predictive validity in the 

acquisition of technical and non-technical skills and are conducive to trainee 

progression. Due to the paradigm shift in surgical training and multiplicity of 

obstacles to achieving associated competencies, predictive variables may be of 

utmost importance in identifying optimal surgical candidates into the future.  

These potential competitive variables to trainee progression include not only 

academic or cognitive factors but also visuospatial aptitudes, psychomotor 

dexterity and historical fine-motor experiences.   

The secondary aim of this thesis was to evaluate if further competitive factors 

including competitive personalities, rivalrous dynamics and competitive gaming 

platforms are conducive to improved behaviours and the acquisition of technical 

and non-technical skills. By evaluating the effect of competitive personality traits 

in a medical population, we aimed to identify if a personality characteristic could 

convey a distinct advantage and directly impact on psychomotor dexterity and 

motor behaviours involving laparoscopic surgical skills. In addition, this research 

aimed to evaluate the impact of a competitive dynamic and further develop 

serious games applications designed to acquire psychomotor skills, rehearse 

clinical decision making and operative environments. By evaluating ‘serious 

games’ or gamified competitive platforms, this research would establish if these 

media could be valid foundations for surgical simulation in the home 

environment. As described, with potentially more limited learning opportunities 

in the workplace, the development of portable simulator resources that motivate 

deliberate practice may be conducive to developing and enhancing technical 

skills. 

Previous research and theories have suggested that multiple factors predict the 

acquisition of medical competencies including cognitive factors and visuospatial 

aptitudes. However, the predictive validity of a multiplicity of academic, 

psychomotor aptitude, fine-motor experiences and personality traits are not well 

described for surgical skills. Furthermore, the impact of potential variables or 

competitive factors has not been described in the maintenance of laparoscopic 
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skills, nor has the impact of a competitive dynamic or serious games platforms 

on surgical behaviours or skills.  

 

Summary of aims: 

o To determine the predictive validity of selection factors available at the 

time of application to surgical training programs, with future in training 

performances, conducted through an extensive review of the literature.  
 

o To assess the impact of a competitive dynamic to surgical trainees 

recording behaviours and subsequently analyse these databases for 

independent variables of operative exposure and surrogate markers of 

technical competency. 

 

o To determine the predictive validity of competitive personality traits, 

psychomotor aptitudes and fine-motor experiences on the acquisition 

and variability of laparoscopic skill performances.  

 

o To assess the impact of a dedicated laparoscopic serious game on the 

acquisition of skills and voluntary utilisation of such a resource in the 

home environment. 

 

o To evaluate the entertainment platform of Virtual Reality for serious 

games and educational applications through the domains of medical 

decision-making and operative environment rehearsals. 

 

 

 

 

 

 



263 
 

 Summary of Main Findings 

o A number of standardised academic and summative examinations from 

undergraduate medical school demonstrated significant predictive validity 

for future surgical in-training performances typically of summative nature, 

including in-training and licensing examinations. Subjective or non-

standardised pre-training variables demonstrated insignificant strength 

predictions for future performance.  

 

o The introduction of a rivalrous competitive dynamic to operative logbooks 

resulted in a significant increase in recording behaviours amongst junior 

surgical trainees. Furthermore, evaluation of these more succinct 

operative databases revealed that a multiplicity of variables could affect 

operative exposures and competency, including trainee, trainer, training 

site and program specialty. Surgical trainees revealed a significant 

correlation between year-one and year-two operative exposures 

indicating the potential impact of recognising and remediating 

underperforming trainees. Of the highest importance, the number of 

operations trainee-performed significantly correlated with multiple in-

training technical assessments at several time points while no 

significance was determined for the number of assisted procedures. 

 

o The visuospatial aptitudes of cube comparisons and card rotations, and 

the fine-motor experiences of video gaming or musical instrument 

experiences significantly correlated with the baseline, acquisition or 

maintenance performances of laparoscopic skills. Several of these 

factors may share similar cognitive demands. Competitive personality 

traits conveyed no distinct advantage with psychomotor performances. 

Furthermore, one-month interval exposure to laparoscopic skills was 

associated with maintenance of related skills suggesting a degree of 

motor memory at this interval frequency. 

 

o A dedicated ‘serious game’ or more specifically, ‘exergame’ application 

‘Underground’ and custom-made controller for the Nintendo (Kyoto, 

Japan) Wii UTM, demonstrated reasonably high voluntary utilisation, and 
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a significant impact on psychomotor skills when compared to absent 

gameplay.  

 

o This research demonstrated the development and trialling of a trauma 

decision making serious game built on the Virtual Reality Platform 

Oculus (Irvine, United States). This novel application demonstrated 

evidence of face, construct and concurrent (conditional) validity with high 

usability feedback and future applications amongst participants for 

medical developments on this platform. 

 

o The creation of educationally augmented 360-degree immersive videos 

for viewing on gaming platforms was well received and for the majority, 

preferred to standard 2D or 3D editions. Furthermore, the 360-degree 

video platforms demonstrated significant advantages in attentiveness 

and engagement but no advantages in information retention. 

 

 General Conclusions 

The fundamental domain of research in this dissertation was the identification of 

competitive factors and platforms conducive to the development of technical 

and non-technical skills. Trainee factors assessed included academic and non-

academic performances, visuospatial, perceptual and psychomotor aptitudes, 

competitive personalities, and historical fine and gross motor activities. 

On the evaluation of variables associated with minimally invasive skill 

performances, we discovered exciting results. Significant intra-aptitude 

performances existed amongst several ability tests including card rotations, 

cube comparisons and PicSOR, suggesting they may share similar cognitive 

demands. This raises the question of whether we are truly measuring different 

cortical abilities within the visuoperceptual processing domains.  Consequently, 

these three aptitudes repeatedly correlated with similar higher performance 

metrics across laparoscopic tasks. Similar to research by Stefanidis (Stefanidis 

et al., 2006a), we confirmed the significant association between card rotation 

ability and baseline laparoscopic performances. While both of the same sample 

sizes, this research excluded participants with significant video gaming history 
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or background of manual laparoscopic performances to encourage a 

homogeneous sample and we discovered similar performance correlations for 

cube comparisons and PicSOR abilities. To the best of our knowledge, no 

research has previously evaluated the effect of these aptitudes and fine motor 

experiences on the maintenance of such skills. We determined similar 

significant associations for cube comparisons and card rotations across tasks 

during this phase.  

With outcomes comparable to previous research (Buckley, 2014), this work 

demonstrated that a small number of participants (9.1%), were incapable of 

achieving validated competency scores in one or more laparoscopic tasks. This 

was despite intense hands-on training over a two-week period and multiple 

subsequent attempts over a five-month course. These participants were part of 

a study subgroup which achieved significantly lower performances with cube 

comparison and card rotation aptitudes. This suggests that there may exist a 

small subgroup of medical graduates that may face significant difficulty in 

achieving basic competencies with minimally invasive skills. Previous work in 

our laboratory (Buckley, 2014), described a rate of 1 in 4 of compositely low 

aptitude participants, unable to reach competency in laparoscopic tasks even 

after 18 attempts, with cognitively more complex simulated tasks such as 

laparoscopic appendicectomy.  

Several fine-motor experiences demonstrated significant associations with 

laparoscopic task metrics and performances. Musical instrument activity, while 

minimally investigated in the surgical literature regarding variability of technical 

skills, demonstrated associations with baseline and acquisition of minimally 

invasive skills. A fine-motor activity such as this, potentially enhancing cortical 

pathways associated with fine-motor dexterity and deliberate practices, could 

logically be associated with technical and laparoscopic skills. Furthermore, 

research suggests that video gaming is associated with minimally invasive skill 

performances (Ou et al., 2013; Louridas et al., 2016; Rosser et al., 2007). The 

mechanism of such is unclear but may also be due to enhanced fine-motor 

neural plasticity or visuoperceptual pathways. Again the association of both 

these activities (musical instrument and video gaming) with laparoscopic 

performances are not surprising. Musical instrument experience draws from 

cognitive processes of a higher order, and significant cortical structure changes 
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are associated with increasing musical activity (James et al., 2014; Gaser and 

Schlaug, 2003). Similar structural changes have been described from video 

gaming activity (Granek et al., 2010; Kuhn et al., 2011; Green and Bavelier, 

2003). The findings of this research would suggest that fine motor experiences 

such as musical instrument or video gaming activities should be encouraged 

amongst surgical trainees and seniors to develop or maintain neural plasticity in 

these dependent networks. The ability to quantify and measure historical fine 

motor experiences such as these, through validated scales is not currently 

feasible. While we would encourage a more holistic approach to selection 

criteria to surgical training, further long-term research is required before 

elements such as these are incorporated into such strategies. 

Behavioural traits, specifically level of competitive personality trait were not 

conducive to improved laparoscopic performance in this study. However, 

previous research (Nugent, 2012), has demonstrated performance benefits for 

open and endoscopic simulated tasks in individuals with higher confidence, 

energy and lower distractibility. While this research does not advocate 

integrating such behavioural and extracurricular factors into selection strategies 

for surgical training based on the current evidence, it does suggest selection 

beyond academic variables may further validate the process. 

This research may have a significant impact on future research and potential 

selection strategies. By identifying variables associated with the retention of 

laparoscopic skills, it may facilitate the identification of those more likely to 

require retraining after periods of absence from surgical practice. We have not 

identified similar research to provide comparative results. As previously 

described, the majority of existing research on this domain remains focused on 

absolute trends in skill retention or methods of delivering training to minimise 

such degradation (Sant'Ana et al., 2017; Mashaud et al., 2010; Stefanidis et al., 

2006b; Castellvi et al., 2009; Stefanidis et al., 2005; Maagaard et al., 2011).  

However, while the aptitude tests examined in this thesis are currently 

incorporated into surgical selection criteria in the Republic of Ireland and 

potentially elsewhere based on the premise that they predict acquisition of 

technical skills, it remains to be evaluated whether utilising several of these 

correlating visuoperceptual abilities (cube comparisons, card rotations, PicSOR) 

improves reliability for testing the target visuospatial domains. 
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Surgical training requires significant financial investment and is a long and 

arduous journey of at minimum eight years training in Ireland.  The attrition 

rates from such programs, despite a highly competitive selection process, are 

less than optimal both nationally and worldwide. While the training body is 

responsible for ensuring optimal training curricula and workplace environments 

conducive to training, integrating both cognitive and non-cognitive aptitudes to 

candidate selection may improve proficiency to technical and non-technical 

skills, and are of utmost importance. The surgical profession endeavours to 

select individuals based on the highest perceived aptitude to achieve 

competencies in a proficient time-period. However, considering to the best of 

our knowledge there is a lack of high-quality level one research evidence and 

no previous meta-analysis evaluating the predictive validity of these factors in a 

surgical population, founding robust criteria based on evidence may pose 

difficulty. Considering the context of surgical trainee selection, due to ethical 

considerations performing prospective level 1 trials is not feasible and 

prospective cohort studies are likely the ideal source of evidence into the future.  

The results of the enclosed meta-analysis demonstrate the significant predictive 

validity of several cognitive factors with future in-training performances. It 

confirms common perceptions and strengthens current strategies for 

incorporating historical objective summative test performances into selection 

criteria. Standardised objective academic assessments in medical school 

predict future similar-type assessments such as summative in-training and 

licensing/board examinations. On evaluating predictors of attrition, a measure 

many training programs may be judged upon, infrequent research evidence 

exists to structure sound conclusions on the predictive validity of individual 

performance measures at the time of selection. As described there is some 

evidence to suggest that high ‘aptitude’ candidates at the time of interview may 

be less likely to complete surgical training programs (Farley and Cook, 2001; 

Wolfson et al., 1991), which may be concerning and could suggest 

environmental or social aetiologies. 

Introducing unstandardised performance measures into selection criteria such 

as ‘committee consensus’ adjustment of interview ranks, further ‘subjectifies’ a 

metric composed of both objective and subjective measures. Our meta-analysis 

demonstrates this weakens the predictive validity of such measures and 
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furthermore, on the evaluation of subjective or un-standardised independent 

variables such as reference letters or consensus rank, any significant findings 

for predictive validity were of extremely weak effect size. Research previously 

conducted on a general medical population (Kenny et al., 2013), demonstrated 

the significance of summative or standardised independent variables with future 

performance, and this dissertation’s meta-analysis would support this, 

conducted through an extensive, focused review of the surgical population. 

While this reinforces the current utilisation of academic factors in selection 

strategies, other criteria including reference letters, extracurricular activities and 

research experiences do not have sufficient evidence to construct persuasive 

arguments for their inclusion or exemption. Research publications (pre-training), 

while based on current evidence demonstrated no correlation with future 

training performances, the measure was significantly associated with future in 

training publication volume.  

While this dissertation identifies several academic and psychomotor aptitudes 

that may predict competitive progression and competencies in a surgical 

domain, there was no evidence that competitive personality traits reflected 

performances. Introducing a competitive dynamic, however, resulted in a 

significant impact on operative logbook recording behaviours. With previous 

evidence suggesting significant inaccurate recording (Veldenz et al., 2001; 

Achuthan et al., 2006), this dissertation would advocate for all surgical 

disciplines internationally to incorporate such mechanisms. While the 

introduction of the mechanism for open benchmarking had significant findings, 

the subsequent evaluation of these improved databases yielded perhaps more 

exciting results.  

Contrary to existing research (Tottrup, 2002), many surgical subspecialties 

provided significantly more operative opportunities and participation levels than 

general surgery. In addition, the ethos of each respective training hospital or 

training post may contribute to the level of operative opportunities provided to a 

surgical trainee. One of the most significant outcomes from this study phase 

analyses was the determination that the number of operations trainee-

performed rather than volume of operations one was exposed to, was 

significantly associated with future technical skills assessments. Considering 

the vast evidence in the literature regarding the association between operative 
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volume and patient outcomes previous described, this correlation makes logical 

sense. As previously described, the vast majority of literature on this subject is 

focused on senior surgeon outcomes with few analysing the associations at a 

more junior level. Nugent demonstrated significant associations between the 

number of operations performed by surgical trainees of varying levels of 

complexity and performance during a simulated laparoscopic colectomy 

(Nugent, 2012). This further emphasises the important but often logistically 

tricky aspect of ensuring optimal training site standards and learning 

opportunities. While deliberate practice is essential, as defined previously 

(Ericsson et al., 1993), the potentially reinforcing nature of actually performing 

the operation may be vital considering the current limitations to surgical 

simulation (Agha and Fowler, 2015). Learning theories such as those of Edgar 

Dale or George Miller suggest a multimodal blend of learning incorporating 

behavioural levels such as task performance are essential to development 

(Dale, 1946; Miller, 1990). This would suggest that a minimum level of 

performed operations should be defined within training post standards for each 

respective year of training. This must be aligned to the case mix and training 

opportunities available in that training post. Similar definitions are issued by the 

ACGME and ISCP for final year trainees (minimal indicative numbers) but 

absolute target guidelines monitored on a yearly basis from training 

commencement may aid in ensuring compliance and encouraging development 

(Accreditation Council for Graduate Medical Education (ACGME), 2017).  

Introducing competitive dynamics had a significant and measurable impact on 

behaviours. Currently, there remains an increased focus on the development 

and incorporation of ‘take home’ simulation such as the laparoscopic eoSIM 

(eoSurgical, Edinburgh, UK) video trainer. Despite the provision and availability 

of such simulators to trainees, incentivising an intrinsic motivation for their 

utilisation remains difficult, as was discovered recently with these specific 

resources (Nicol et al., 2016). We chose an alternative approach by evaluating 

the utilisation of serious games or applications built on games consoles or 

entertainment platforms, which may intrinsically motivate participants (Knutson 

and Greer, 2008; Koepp et al., 1998). 

Despite structured as voluntary utilisation in the home environment, with 

indicative target duration and frequency, our study intervention group 
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demonstrated significant improvement in laparoscopic skills and competency 

scores compared to control. This intervention, the dedicated serious game 

‘Underground’ on the Nintendo Wii U console, remained underutilised by the 

participants and its potential effect size may have been under-represented. 

Notwithstanding the purpose of the application, as an educational game, 

participants recommended a number of improvements that may help motivate 

utilisation. This demonstrates that even a video game may be underemployed if 

it lacks optimal characteristics. However, considering the high expense of 

traditional VR based surgical simulators and their critical underutilisation as 

described before, the utilisation of games consoles as platforms for serious 

games in surgical education may be a proficient and cost-effective solution 

considering their prevalence in many households.  

Furthermore, this dissertation evaluated and co-developed educational 

applications for the Virtual Reality headsets- a trauma decision-making 

simulator and 360-degree educational videos to be precise. This recent 

entertainment and gaming platform may be an ideal platform for medical 

educational material, due to its distraction-free nature, high immersion and 

visually impressive projections. We chose this next generation platform to 

further motivate engagement and gamification. With scarce availability of patient 

decision making rehearsal simulations in existence to our knowledge and 

supported by participant views, feedback from medical professionals was 

encouraging for future developments in this area. Furthermore, the serious 

game demonstrated a degree of face, construct and conditional concurrent 

validity on its trialling.  We received similar significantly positive usability testing 

and reviews on our educationally augmented 360-degree operative videos for 

face validity amongst medical professionals and students, and engagement/ 

attentiveness benefits when compared to traditional video formats. Considering 

both of these studies were pilots in their own right, with no previous existing 

literature to compare with, future validation studies and investigation of the VR 

platform is essential to determine specific domains for development. 
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 Limitations 

In reading this dissertation, one must acknowledge the potential limitations in 

the interpretations of results.  

Regarding the quantitative synthesis, the majority of studies were of North 

American origin and included multiple variables such as United States Medical 

Licensing Examinations or Alpha and Omega Honour Society membership and 

therefore may not generalisable to an international audience. Furthermore, due 

to the retrospective nature of many included studies, level of evidence and 

inherent study quality was sometimes of lower quality. The variable sample 

sizes and heterogeneity may also restrict full interpretation of results. The lack 

of standardised selection criteria and in training measures may be one cause 

for the significant study heterogeneity and may limit the synthesis of data. 

Regarding this dissertation’s investigation of variables influencing laparoscopic 

skills, one major caveat must be recognised. Some evidence suggests that 

visuospatial and perceptual aptitude may be dynamic traits. Research by 

Nugent and then Buckley demonstrated significantly higher aptitude 

performances in surgical trainees than controls and suggested this could 

indicate lack of test-retest reliability, or on the contrary, that surgical trainees 

self-select according to a self-perceived dexterity level (Nugent, 2012; Buckley, 

2014). Multiple studies, however, suggest that surgeons do not self-select 

based on dexterity or technical aptitude (Langlois et al., 2015; Cope and 

Fenton-Lee, 2008; Panait et al., 2011). Furthermore, as previously described, 

research (Gagnon, 1985), has demonstrated significant associations between 

aptitude and video gaming scores, and both Sanchez and Toril have 

demonstrated significantly improved visuospatial aptitudes after a period of 

video gaming (Sanchez, 2012; Toril et al., 2016). While the test-retest reliability 

may have been previously examined, the robust reliability of these tests may be 

questioned when video gaming or other interventions may dynamically improve 

such metrics. Based on the previous evidence described, we would postulate 

that surgical training may also instigate such effects. Further investigation into 

these aspects is essential before meaningful long-term reliability, and predictive 

validity conclusions can be formed from these measures. 
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The introduction of a competitive or rivalrous dynamic to operative logbooks 

demonstrated a significant increase in operative recordings. However, this 

intervention coincided with a shift in the surgical training structures in Ireland 

with further emphasis on monitoring mechanisms and continuous competitive 

progression or Annual Review of Competence Progression (ARCP). These 

factors may also be contributory to the effect sizes determined.  

The evaluation of the competitive, serious games platforms may be limited by 

the small sample sizes. Furthermore, while a significant ‘learning value’ was 

determined for the laparoscopic video game, we did not determine such 

learning benefits for the decision-making game or video environments. The lack 

of construct validity for some aspects of the decision-making game may have 

been secondary to the insufficient complexity of study content to differentiate 

medical knowledge and may have been similarly replicated amongst the 

question bank outcomes for the video platform. 

  

 Future Work 

The review suggests a significant lack of worldwide literature examining the 

predictive nature of pre-training variables, with the main research focus in a 

North American context. Our review could not identify a single prospective study 

that correlated visuospatial or psychomotor aptitude performances before 

surgical GME commencement, with future in-training technical measures. 

Furthermore, few studies have evaluated the predictive validity of technical 

skills at the time of the interview with future in-training performance, with the 

exception of two studies discovered on review (Moore et al., 2015; Tang et al., 

2014), that demonstrated conflicting results.  

This dissertation would encourage the formation of multicentre longitudinal 

observational studies from the commencement of undergraduate medical 

school through to completion of GME training programs in an Irish and 

international context. A somewhat example of this would be the Thomas 

Jefferson University (Philadelphia, US) longitudinal study on medical education. 

This would include evaluating the long-term predictive validity of visuospatial 

and dexterity tests and technical skill demonstrations prior to the 
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commencement of surgical GME programs. For a profession necessitating 

significant technical ability in addition to cognitive demands, further evaluation is 

required before they can be implemented in any meaningful way.  

While the study has demonstrated significant psychomotor skill development 

utilising a dedicated laparoscopic serious game, this was amongst medical 

students and of a short-term capacity. Future studies are required to evaluate 

the effect on surgical trainees on a larger scale and determine if a clinical effect 

can be evaluated from its usage. Furthermore, randomised controlled trials are 

in demand to evaluate the impact of fine-motor activities such as musical 

instrument experience and video gaming in a clinical setting. We would suggest 

this goes beyond utilising these as warmup interventions but rather more 

longitudinal interventions to assess the impact on clinical skills and whether 

they assist in the maintenance of psychomotor skills. In addition, regarding the 

serious game's platforms, this research would also propose a further evaluation 

of the developments enclosed in a larger population including to investigate the 

potential learning value from each application. 

 

Figure 9. 1: Augmented Reality ‘Teleteaching’ Concept Illustration and 
Prototype 

One recent development, ‘Mime’ a prototype developed solely by the primary 

author, is a hybrid virtual-augmented reality application built utilising UnityTM 3D 

software. This may provide the means to ‘teleteach’ trainees basic open skills 

such as knot tying and suturing as a means of simulation, without external input 
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or staff guidance. This platform is based on superimposing or merging pre-

recorded video content (figure 9.1, screen 2) onto simulated benchtop task 

resources (figure 9.1, screen 1) in the real environment while users wear a VR 

headset. Figure 9.1 demonstrates this prototype both conceptualised and in 

working condition. The development requires an unexposed smartphone 

camera integrated within a VR headset or an external USB camera in 

association with the Oculus Rift headset device. Users visualise the 

environment through the associated camera technology with a transparent ‘tele-

teaching’ video superimposed onto the work space. While not trialled for its 

impact in this current dissertation, this development may provide foundations for 

the delivery of open surgical skill ‘teleteaching’ in the home environment and 

may be conducive to deliberate practice. Future trialling to assess the learning 

value of this tool and its comparison with traditional teaching is required.  

With a multiplicity of obstacles to trainees achieving surgical competency and 

heightened focus on continuous competitive progression, this research has 

determined a number of competitive factors, mechanisms and platforms that 

may be conducive to the acquisition of such competencies.  
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Appendix B 

 
Sources: Databases, Trial Registries & Grey Literature. 

 
Databases: 

1. Excerpta Medica dataBASE (EMBASE),  
2. MEDLINE (Ovid),  
3. Web of Science Core Collection (incl. Conference Proceedings Citation Index 

(CPCI)),  
4. CINAHL Plus,  
5. PsycINFO,  
6. Educational Resources Information Centre (ERIC) 

 
 
Trial Registries 

7. Cochrane Central 
8. Clinicaltrials.gov 
9. International Clinical Trials Registry Platform (ICTRP) 
10. ISRCTN registry (independently searched in addition to ICTRP) 
11. EU Clinical Trials Register (independently searched in addition to ICTRP) 

 
Grey Literature: 

12. BASE 
13. OpenDOAR 
14. WorldCat 
15. Googlescholar 
16. OpenGrey 
17. The Grey Literature Report (The New York Academy of Medicine) 

 
Thesis & Dissertations 

18. OATD 
19. ProQuest 
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Embase Search Strategy. <Inception to 24.01.2018> 

1. 'residency education'/exp OR 'residency education' OR 'surgical training'/exp 
OR 'surgical training' OR 'clinical education'/exp OR 'clinical education' OR 
'education program'/exp OR 'education program' OR 'licensing'/exp OR 
'licensing' OR 'continuing education'/exp OR 'continuing education' OR 
'medical education'/exp OR 'medical education' 

2. 'post graduate student*' OR 'graduate student*' OR 'residency' OR 'house 
staff' OR 'housestaff' OR 'medical graduate*' OR 'applicant*' OR 'internship*' 
OR 'interviewee*' OR 'medical intern*' OR 'surgical intern*' OR 'program*' OR 
'programme*' OR 'interview*' OR 'trainee*' OR 'fellow*' 

3. 'resident'/exp OR 'resident' OR 'residents' 
4. #2 OR #3 
5. #1 AND #4 
6. 'the match' OR 'national residen* match* program' OR 'nrmp' OR ('match' 

NEAR/2 ('program*' OR 'rank*' OR 'list*' OR 'process')) 
7. ('predict*' OR 'select*' OR 'factor*') NEAR/7 ('performance*' OR 'competenc*' 

OR 'criteri*') 
8. 'united states medical licensing examination' OR 'usmle*' OR 'medical 

licensing examination' OR ('board*' NEAR/3 (score* OR exam*)) OR 'medical 
council of canada qualifying examination' OR 'mccqe' OR 'national 
assessment collaboration examination' OR 'nac' 

9. 'letter*' NEAR/4 ('dean*' OR 'reference*' OR 'rating*' OR 'recommendation*') 
10. 'nbme*' OR 'national board of medical examiners' 
11. (('grade*' OR 'rank' OR 'percentile') NEAR/3 ('medical' OR 'academic' OR 

'university' OR 'school' OR 'class')) OR 'gpa' OR 'grade point average' 
12. ('psychomotor' OR 'visuospatial' OR 'visual spatial' OR 'perceptual' OR 

'cognitive' OR 'motor') NEAR/2 ('aptitude*' OR 'skill*' OR 'abilit*') 
13. ('medical school*' NEAR/3 (performance* OR prestige OR rating* OR success 

OR reputation* OR achievement* OR 'hono*r*')) OR 'medical student 
performance evaluation' OR 'mspe' 

14. (('interview*' OR 'faculty*' OR 'committee*') NEAR/4 ('rank*' OR 'rating*' OR 
'assessment*' OR 'evaluation*' OR 'score*')) OR 'multiple mini interview' OR 
'mmi' 

15. 'author*' NEAR/3 ('publication*' OR 'research') 
16. 'degree*' NEAR/3 ('academic' OR 'doctora*') 
17. 'clerkship*' OR 'clerk ship' 
18. (('abilit*' OR 'test*' OR 'examination*' OR 'reasoning') NEAR/3 ('mental' OR 

'cognitive')) OR 'iq' OR 'intelligence quotient' OR 'mcat' OR 'ukcat' OR 'hpat' 
OR 'gamsat' OR 'umat' OR 'bmat' 

19. 'student*' NEAR/3 ('achievement*' OR 'hono*r*' OR 'award*' OR 'distinguish*' 
OR 'performance*') 

20. 'sjt' OR ('situational judgement' NEAR/3 'test*') 
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21. ('manual' OR 'procedur*' OR 'technical' OR 'surgical') NEAR/2 ('skill*' OR 
'assessment*') 

22. 'personal' NEAR/2 'statement*' 
23. ('extracurricular' OR 'volunteer*' OR 'music*' OR 'sport*') NEAR/3 ('activit*' OR 

'experience*') 
24. #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 

OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 
25. 'mrcs*' OR 'frcs*' OR ('royal college of surgeons' NEAR/4 ('member*' OR 

'fellow*')) 
26. ('3' OR 'iii' OR 'three') NEAR/3 ('usmle' OR 'nbme' OR 'step') 
27. ('mccqe' OR 'medical council of canada qualifying exam*') NEAR/4 ('ii' OR '2' 

OR 'two') 
28. 'absite' OR 'vsite' OR 'psite' OR 'ote' OR 'oite' OR 'absce' OR 'board of 

surgery' 
29. 'exam*' NEAR/2 ('licens*' OR 'certify*' OR 'qualify*' OR 'board') 
30. (('competenc*' OR 'skill*') NEAR/3 ('performanc*' OR 'technical*' OR 

'predictor*')) OR (('doctor*' OR 'residen*' OR 'post graduate*' OR 'clinical' OR 
'surgical' OR 'operative' OR 'predictor*') NEAR/3 'performance*') OR 'job 
performance'/exp OR 'task performance'/exp OR 'clinical competence'/exp 

31. 'attrition' OR 'burnout' OR 'failure' OR 'at risk' 
32. ('residen*' OR 'train*') NEAR/4 ('award*' OR 'achievement*' OR 'grade*' OR 

'hono*r*') 
33. ('evaluat*' OR 'exam*') NEAR/2 ('intrain*' OR 'in training' OR 'in service' OR 

'inservice' OR 'train*') 
34. 'chief resident' OR 'authorship' OR 'research grant' OR 'citations' 
35. 'global assessment*' OR 'core competenc*' OR 'professionalism' 
36. #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR 

#34 OR #35 
37. #5 AND #24 AND #36 
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Size 

% Female Pre-residency Factor  Dependent Variable 
 

Pooling Variable Pooling Variable 
Alfawaz 
2016 

Retrospective 
Cohort 

King Saud 
University, 
SA. [Asia] 

SC Ophthalmology 2000-2013 166 * Interview Score, Interview Test, 
Medical GPA, Licensing Exam  

Yearly Promotion Exam, Board 
Score/Fellowship Exam,  

Med GPA, Licensing Exam, 
Interview Score, Interview test 
(Speciality Specific MCQ 

ITE, Licensing 

Alterman 
2011 

Retrospective 
Cohort 

University of 
Tennessee, 
USA. 
[North 
America] 

SC General Surgery 1990-2008 101 27.0 USMLE 1, USMLE 2, Interview 
Score, GPA of core surg/med 
clerkships, AOA, extracurricular  

ABSITE Score, ACGME evaluation, 
Residency Graduation 

USMLE 1, USMLE 2, Interview 
Score, Medical GPA, AOA, 
SKILL 

ITE, ITER, Residency Graduation 

Andriole 
2012 

Retrospective 
Cohort 

Washington 
University, 
USA 
[North 
America] 

MC General Surgery 1993-2000 3373 30.0 USMLE 1, USMLE 2, Clerkship Board Certification 

USMLE 1, USMLE 2 Licensing 

Andriole 
2004 

Retrospective 
Cohort 

Washington 
University, 
USA 
[North 
America] 

SC Surgery 1997-2001 87 29 USMLE 1, USMLE 2, GPA Y3 
Clerkships, AOA 

Composite PGY1 Evaluation 

USMLE 1, USMLE 2, Medical 
GPA, Clerkships, AOA 

ITER 

Armstron
g 2007 

Retrospective 
Cohort 

Wake Forest 
University, 
USA 
[North 
America] 

MC OB-GYN 2003 41 * USMLE 1 CREOG In-Training Exam 

USMLE 1 ITE 

Aufses  
1998 

Retrospective 
Cohort 

Mount Sinai, 
USA, 
[North 
America] 

SC General Surgery 1982-1996 88 28 AOA, Surgical Honors Grade Attrition 

AOA, Clerkship Attrition 

Bell  
2002 

Retrospective 
Cohort 

Riverside 
Methodist, 
USA 
[North 
America] 

SC OB-GYN 1995-1999 24 * USMLE 1, USMLE 2, Composite 
Application Score, Interview 
Score,  

Faculty Assessment (Subj), CREOG 

USMLE 1, USMLE 2, Rank, 
Interview Score, 

ITER, ITE 
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Bent  
2011 

 
 
Retrospective 
Cohort 

 
 
Albert 
Einstein 
College of 
Medicine, 
USA. 
[North 
America] 

 
 
 
SC 

 
 
 
Otolaryngology 

 
 
 
2001-2008 

 
 
 
32 

 
 
 
* 

 
 
 
USMLE 1, NRMP Match Rank 

ACGME evaluation, peer evaluation, in-
service exam, Chief Resident selection, 
teaching award, ABO Board passage 

USMLE 1, Rank ITER, ITE, Peer assessment, Award (chief 
resident), Award (teaching), Licensing 

Bergen  
2000 

Case Control University of 
Texas South 
Western, 
USA. 
[North 
America] 

SC General Surgery 1984-1994 48 25 AOA, Interview Score, Research 
Publications, Extracurricular 
Activities 

High Risk Status 

AOA, Interview Score, Research 
Pub, SKILL 

Problematic Status 

Black 
 2006 

Retrospective 
Cohort 

Penn State 
University, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1993-2000 64 * USMLE 1, USMLE 2 OITE 

USMLE 1, USMLE 2 ITE 

Brothers 
2007 

Retrospective 
Cohort 

University of 
Southern 
California, 
USA.  
[North 
America] 

SC General Surgery 2003-2006 152 * Interview Score, Reference 
Letters, Academic Record, 
Academic Honors, USMLE Step 
1, Research Experience, 
Research Publications, MUSC 
Student, MUSC surgical 
externship, Diversity 
enhancement, Prelim Match 
Score, Modified Prelim Match 
Score, NRMP Rank,  

ABSITE, ABSQE Board Exam, Cause for 
concern status, ACGME Evaluation,  

Interview Score, RL, Medical 
GPA, Academic Honors, 
USMLE 1, Research Exp, 
Research Pub, Grad Local, Ext 
Local, Diversity, Rank (Raw), 
Interview Score/RL Rank, Rank,  

ITE, Licensing, ITER, Problematic Status 

Calhoun 
1997 

Retrospective 
Cohort 

University of 
Texas, USA. 
[North 
America] 

MC Otolaryngology 1986-1991 117 * Academic Supervariable Faculty Assessment (Subj) 

Academic Score ITER 

Carmicha
el 2005 

Retrospective 
Cohort 

University of 
Texas, USA. 

MC Orthopaedic 
Surgery 

1994-2002 60 7 USMLE 1, AOA, Research 
Publications, Texas Student 

OITE 
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[North 
America] 

USMLE 1, USMLE 2, AOA, 
Research Pub, Grad Local 

ITE 

Case  
1993 

Retrospective 
Cohort 

National 
Board of 
Medical 
Examiners, 
Philadelphia, 
USA. 
[North 
America 

MC Orthopaedic 
Surgery 

1991 870 * NBME 1, NBME 2 ABOS Written Exam 

NBME 1, NBME 2 Licensing 

Case  
1995 

Retrospective 
Cohort 

National 
Board of 
Medical 
Examiners, 
Philadelphia, 
USA. 
[North 
America] 

MC Orthopaedic 
Surgery 

1992-1993 1387 * NBME 1, NBME 2, MCAT, 
Premedical GPA (science), 
Premedical GPA (non-science), 
Premedical GPA (Overall), 
MCAT 
(Biology/Chem/Physics/Reading
/ Math) 

ABOS Written Exam,  

NBME 1, NBME 2, MCAT, 
Premedical GPA (science), 
Premedical GPA (non-science), 
Premedical GPA (Overall), 
MCAT 
(Biology/Chem/Physics/Reading
/ Math) 

Licensing 

Catalano 
1989 

Retrospective 
Cohort 

Albany 
Medical 
College, 
USA. [North 
America] 

SC Ophthalmology <1988 
(5 years) 

20 * NBME 1, Match Rank, Research 
Publications (weighted) 

Research Publications (weighted), OKAP, 
Faculty Assessment (Dutifulness), Faculty 
Assessment (Quality of care), 

NBME 1, Rank, Research Pub Research Pub, ITER, ITE 

Chole  
2012 

Retrospective 
Cohort 

Washington 
University, 
USA 
[North 
America] 

SC Otolaryngology 2001-2010 46 23.9 USMLE 1, AOA, Clinical Honors 
(%), Reference Letters, Musical 
Experience, Interview Score, 
Medical School Reputation, 
Athletic Ability, Washington 
rotation. 

Faculty Assessment (rating of quality as 
clinician) 

USMLE 1, AOA, Clerkship, RL, 
SKILL (Music), Interview Score, 
MS Rep, SKILL (Athletic), Ext 
local 

ITER 

Contessa 
2012 

Retrospective 
Cohort 

Hospital of 
Saint 

SC General Surgery <2012 
(5 years) 

20 * Match Rank Moral Reasoning, ACGME Evaluations 
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Raphael, 
New Haven, 
USA. 
[North 
America] 

Rank Moral Reasoning, ITER 

Crawford 
2010 

Retrospective 
Cohort 

University of 
Louisville, 
Kentucky, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1995-2006 47 * USMLE 1 ABOS 1 (% Score), ABOS 1 (Pass), ABOS 
2 (Pass), Faculty Assessment (Rating of 
Quality as clinician), OITE YIT % Rank 

USMLE 1 Licensing, ITER, ITE 

Daly  
2006 

Retrospective 
Cohort 

University of 
Minessota, 
USA. 
[North 
America] 

SC Otolaryngology 1983-1993 41 11.1 USMLE 1, Interview Score, 
Medical School Reputation, 
AOA, Reference Letters, 
externship local 

Faculty Assessment (Rating of Success), 
In-training Score 

USMLE 1, Interview Score, MS 
Rep, AOA, RL, Ext Local 

ITE, ITER 

DaRosa 
1991 

Prospective 
Cohort 

Southern 
Illinois 
University, 
USA. 
[North 
America] 

MC General Surgery 1986-1987 213 * Clerkship (Surgery) 
performance, NBME 1 

Faculty Assessment (Overall 
Performance), ABSITE 

NBME 1, Clerkship ITER, ITE 

De 
Virgilio 
2010 

Retrospective 
Cohort 

University of 
California 
Los Angeles, 
USA. 
[North 
America] 

MC General Surgery 2000-2007 607 * USMLE 1, USMLE 2 ABSQE Board Exam, ABSCE Board Exam 

USMLE 1, USMLE 2 Licensing 

Dirschl  
2006 

Retrospective 
Cohort 

University of 
North 
Carolina, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

2004-2005 1006 * Academic Score (Composite 
evaluation) 

OITE, ABOS Board Exam, Faculty 
Assessment (Overall Performance) 

Pooling ineligible- absent effect 
sizes & categorical breakdown 

 

Dirschl 
2002 

Retrospective 
Cohort 

University of 
North 
Carolina, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1983-1997 66 6.9 SAT, MCAT, USMLE 1, USMLE 
2, AOA, Research Exp, 
Publications, abstracts, Honors 
preclinical/clinical, Skill 
measurements (fine/gross, 
leadership, volunteering) 
Reference letters 

OITE, 1 ABOS Board Exam, Faculty 
Assessment (Overall /components) 
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Pooling ineligible- absent effect 
sizes & categorical breakdown 

 

Doughert
y 2010 

Retrospective 
Cohort 

University of 
Michigan, 
USA. 
[North 
America] 

MC Orthopaedic 
Surgery 

1996-2008 202 * USMLE 1 ABOS 1 Board Exam 

USMLE 1 Licensing 

Dyrstad 
2011 

Retrospective 
Cohort 

Southern 
Illinois 
University, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

2000-2009 30 * USMLE 1, USMLE 2 ABOS 1 Board Exam, OITE 

USMLE 1, USMLE 2 Licensing, ITE 

Erlandso
n 1982 

Retrospective 
Cohort 

University of 
Michigan, 
USA. 
[North 
America] 

SC General/ 
Urology/ 
Orthopaedic 
Surgery 

1975-1979 103 * NBME 1, Preclerkship Honors 
(%), Clerkship Honors (%), 
AOA, Medical School Grading 
type (P/F vs graded) 

Faculty Assessment (Knowledge), ABSITE 

NBME 1, Preclerkship, 
clerkship, AOA , MS Grading 
Type 

ITER, ITE 

Farkas  
2012 

Retrospective 
Cohort 

Bronx-
Lebanon 
Hospital, NY, 
USA. [North 
America] 

SC General Surgery 2004-2012 53 * USMLE 1, USMLE 2, Interview 
Knowledge MCQ 

ABSITE 

USMLE 1, USMLE 2, Interview 
Test (Specialty Specific MCQ) 

ITE 

Farley  
2001 

Retrospective 
Cohort 

Mayo Clinic, 
USA. [North 
America] 

SC General Surgery 1996 53 13.21 NRMP Rank Attrition 

Rank Attrition 

Forrester 
2017 

Retrospective 
Cohort 

Stanford 
University, 
USA. [North 
America] 

MC General Surgery 1993-2013 676 27 Medical School Reputation, 
Research Publications (1st 
Author) 

Research Publications (1st Author) 

MS Rep, Research Pub Research Pub 

Friedman 
1991 

Retrospective 
Cohort 

University of 
North 
Carolina, 
USA. 
[North 
America] 

SC General Surgery 1976, 
1978-1979, 
1982-1986 

111 * Match Rank (unadjusted), 
NRMP Rank 

ABSITE, Faculty Assessment (Rating of 
Clinical Performance) 

Rank (Raw), Rank ITE, ITER 

Fryer  
2012 

Retrospective 
Cohort 

Northwester
n University 
Feinberg, 

SC General Surgery 2001-2011 47 * Match Rank (unadjusted), 
NRMP Rank, USMLE 1 

ABSITE, Independent Faculty Ranking, 
Faculty Assessment (composite progress 
evaluation) 
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Chicago, 
USA 
[North 
America] 

Rank (Raw), Rank, USMLE 1 ITE, ITER 

Gardner 
2017 

Prospective 
Cohort 

Baylor 
College of 
Medicine, 
USA 
[North 
America] 

SC General Surgery 2015-2016 51 * USMLE 1, USMLE 2 ABSITE, Faculty Assessment 
(professionalism) Scholarly Works 
(Publications/presentations), ACGME 
Core, Medical Student evaluations 

USMLE 1, USMLE 2 ITE, ITER, Research Pub, Award 
(Teaching) 

Gardner 
1973 

Retrospective 
Cohort 

Downstate 
Medical 
Centre, USA 
[North 
America] 

SC Surgery 1968-1970 46 * Surgical Clerkship (attending 
Review), Surg Written Long 
Case, Surgical Oral Long Case, 
GPA 3rd year, NBME Surgery, 
NBME 2, Medical Clerkship 
(written), Grade in Medicine, 
Deans Letter 

Faculty Assessment (overall performance) 

Clerkship, MS Final (Written), 
MS Final (oral), Medical GPA, 
Shelf Exam, NBME 2, Clerkship, 
DL 

ITER 

Geissler 
2013 

Retrospective 
Cohort 

University of 
Minnesota, 
USA [North 
America] 

SC Orthopaedic 
Surgery 

1994-2011 115 * Match Rank, USMLE 1 OITE, ABOS 1 Board, ABOS 2 Board, 
ACGME Evaluation 

Rank, USMLE 1 ITE, Licensing, ITER 

Gonnella 
1983 

Retrospective 
Cohort 

Jefferson 
Medical 
College, 
USA [North 
America] 

SC OB-GYN 
(Subgroup) 

1971-1981 50 * NBME Part II/Junior & Senior 
Grades Composite Score, Junior 
Grades 

Faculty Assessment (medical knowledge, 
Data Gathering, Clinical Judgement, 
professionalism) 

Academic Score, Pre-clerkship ITER 

Grewal  
2013 

Retrospective 
Cohort 

Washington 
University, 
USA. 
[North 
America] 

SC Urological 
Surgery 

2000-2009 29 * Match Rank, Reference Letters, 
Medical School Reputation, 
Medical School Grades, 
Research Publications, USMLE 
1 

Urology in-Training Exam, Faculty 
Assessment (quality as clinician) 

Rank, RL, MS Rep, Medical 
GPA, Research Pub, USMLE 1 

ITE, ITER 

Guo  
2008 

Retrospective 
Cohort 

Harvard 
College, 
USA.  
[North 
America] 

SC Plastic Surgery 1999-2006 46 * USMLE 1, Research 
Publications (weighted), Medical 
School Reputation, Match Rank 

In-service score, Faculty Ranking 

Pooling ineligible- absent effect 
sizes  
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Herndon 
2009 

Retrospective 
Cohort 

Massachuse
tts General 
Hospital, 
USA 
[North 
America] 

SC Orthopaedic 
Surgery 

1991-2005 161 * AOA, USMLE 1/NBME1, Clinical 
Honors, Deans Letter,  

ABOS 1 Board Exam, ABOS 2 Board 
Exam 

AOA, USMLE 1/NBME1, 
Clerkship, DL 

Licensing 

Hirvela  
1991 

Case-Control University of 
Connecticut, 
USA 
[North 
America] 

SC General Surgery 1985-1989 84 * NBME 1 ASBITE 

NBME 1 ITE 

Johnson 
2010 

Retrospective 
Cohort 

Case 
Western 
Reserve, 
USA. 
[North 
America] 

SC Ophthalmology 1991-2006 77 39.0 USMLE 1 OKAP, ABO Board exam  

USMLE 1 ITE, Licensing 

Kelly  
2015 

Retrospective 
Cohort 

Cleveland 
Clinic, USA. 
[North 
America] 

SC Surgery 2000-2009 140 26.7 USMLE 1 ABSITE 

USMLE 1 ITE 

Kelz  
2010 

Pre-post Study University of 
Pennsylvani
a, USA. 
[North 
America] 

SC General Surgery 2000-2009 64 * USMLE 1, Core Honors 
(Surgery/Medicine) 

Attrition 

USMLE 1, Clerkship Attrition 

Kim  
2015 

Retrospective 
Cohort 

University of 
California 
Los Angeles, 
USA. [North 
America] 

MC General Surgery 2014 273 39.1 USMLE 1, USMLE 2, MCAT ABSITE 

USMLE 1, USMLE 2, MCAT ITE 

Klein  
2004 

Retrospective 
Cohort 

Thomas 
Jefferson 
University 

SC Orthopaedic 
Surgery 

<2004  
(10 years) 

64 * USMLE 1 ABOS 1 Board Exam 

USMLE 1 Licensing 

Kohlert  
2017 

Retrospective 
Cohort 

Ottowa 
Hospital, 
Canada 
[North 
America] 

MC Otolaryngology 1998-2013 312 * Research Publications Research Publications 

Research Pub Research Pub 
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Kron  
1985 

Retrospective 
Cohort 

University of 
Virginia, 
USA. [North 
America] 

SC General Surgery 1973-1982 62 * AOA, NBME, Medical School 
Class Rank, Honors Preclinical, 
Honors Clinical (non surg), 
Honors Surgery, Reference 
letters, Research Publications, 
Research Exp, Interview 

Faculty Assessment (Overall Performance) 

Pooling Ineligible- Absent effect 
sizes 

 

Lee 
2012 

Retrospective 
Cohort 

University of 
Iowa, USA. 
[North 
America] 

MC Ophthalmology 2003-2007 339 * USMLE 1 Qualifying Board Exam, OKAP 

USMLE 1 Licensing, ITE 

Lynch  
2014 

Retrospective 
Cohort 

New York 
Harbor, 
USA. [North 
America] 

MC Neurosurgery 1990-1999 1361 10.7 Medical School Reputation Board Certification 

MS Rep Licensing 

Mainthia 
2014 

Retrospective 
Cohort 

Vanderbilt 
University, 
Tennessee, 
USA. 
[North 
America] 

SC General Surgery 1994-2010 103 16.0 USMLE 1, USMLE 2, AOA Residency Award (Research, Teaching, 
Overall) 

USMLE 1, USMLE 2, AOA AWARD 

Maker  
2012 

Retrospective 
Cohort 

University of 
Illinois, USA. 
[North 
America] 

SC General Surgery 2001-2010 57 33.3 USMLE 1, USMLE 2 ABSCE Board Exam 

USMLE 1, USMLE 2 Licensing 

McGreev
y 1997 

Retrospective 
Cohort 

University of 
Utah, USA. 
[North 
America] 

SC General Surgery 1977-1996 85 * NBME 1, NBME 2, AOA, 
Clerkship Surgery Honors, 
Clerkship All Honors, Reference 
Letters 

ABSITE, ABSQE Board Exam, Attrition, 
Faculty Assessment (Overall) 

NBME 1, NBME 2, AOA, 
Clerkship (Surgery) ,Clerkship, 
RL 

ITE, Licensing, Attrition, ITER 

Moore  
2015 

Retrospective 
Cohort 

Mayo Clinic, 
USA.  
[North 
America] 

SC Otolaryngology 2007-2013 24 * Interview Technical skills 
assessment 

Faculty Assessment (Overall) 

Interview Test (Technical Skills) ITER 

Moss  
1978 

Retrospective 
Cohort 

University of 
California 
Los Angeles, 
USA. 
[New York] 

SC Surgery <1978  
(5 years) 

74 * Medical School Class grading 
type (P/F vs ranked) 

Faculty Assessment (Overall) 

MS Grading Type ITER 
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Nagasaw
a 2017 

Retrospective 
Cohort 

University of 
California 
Los Angeles, 
USA. 
[New York] 

SC Neurosurgery 2003-2010 21 * USMLE 1 ABNS Board Exam 

USMLE 1 Licensing 

Naylor  
2008 

Retrospective 
Cohort 

University of 
Texas South 
Western, 
USA. 
[North 
America] 

SC General Surgery 1991-2000 111 31.5 Class Rank, AOA, Medical 
School Grades, Team sports, 
Deans Letter, 
Medical School Scholarship 
(merit) 

Unsatisfactory Residency (Attrition/failed 
1st attempt Board qualifying/certifying 
exam) 

MS Rank, Medical GPA, SKILL 
(team sports), DL, Award, AOA 

Problematic Status 

Ogburn 
2005 

Retrospective 
Cohort 

University of 
New Mexico, 
USA.  
[North 
America] 

SC OB-GYN 1997-2004 43 ≈75 OBGYN Clerkship, Overall 
Clerkships, AOA Status, USMLE 
1 

Faculty Assessment (Teaching Ability) 

Clerkship (OBGYN), Clerkship 
AOA 

ITER 

Olawaiye 
2006 

Retrospective 
Cohort 

University of 
Buffalo, 
USA. 
[North 
America] 

SC OB-GYN 2002-2005 27 * NRMP Rank ACGME Evaluation 

Rank ITER 

Oldfield 
2013 

Retrospective 
Cohort 

Royal 
Australasian 
College of 
Surgeons,  
[Oceania] 

MC General Surgery 2008-2011 367 * Reference Letters, Multiple Mini 
Interview, Selection Score 
(Composite), CV 

DOPS, In training Assessment, Clinical 
Examination, Mini CEX, , Specialty Specific 
Board Exam, Basic Board Exam,  

RL, Interview Score, Rank 
(Raw), CV 

Licensing, ITER, ITE 

Papp  
1997 

Retrospective 
Cohort 

University of 
Louisville, 
USA. 
[North 
America] 

SC General Surgery 1990-1994 39 * NRMP Rank, Medical School 
Class Rank, Research 
Publications, Research 
Experience, NBME 1, Medical 
School Honors, Honors Surgery, 
AOA, Team Sports 

Faculty Assessment (overall skill, 
judgement and knowledge), ABSITE 

Rank, MS Rank, Research Pub,  
Research Exp, NBME Part I 
Academic Score, Clerkship 
(surgery), AOA, SKILL (team 
sports) 

ITER, ITE 

Puscas  MC Otolaryngology 2007-2014 865 * USMLE 1, USMLE 2 Qualifying Board Exam 
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2017 Retrospective 
Cohort 

Duke 
University, 
USA.  
[North 
America] 

USMLE 1, USMLE 2 Licensing 

Raman  
2016 

Retrospective 
Cohort 

New Jersey 
Medical 
School, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

2001-2010 60 6.7 USMLE 1, USMLE 2, MCAT, 
Clerkships (Overall honors) 
AOA, Research Publications, 
Reference Letters,  

ABOS 1 Board Exam, OITE, Global 
Evaluation (ACGME overall) ACGME 
subpart Evaluations, Faculty ranking (non-
specific),  

USMLE 1, USMLE 2, MCAT, 
Clerkship, AOA, Research Pub, 
Ext Local 

Licensing, ITE, ITER 

Redman
n 2018 

Retrospective 
Cohort 

University of 
Cincinnati, 
USA. 
[North 
America] 

SC Otolaryngology 2005-2016 47 * USMLE 1, USMLE 2 OTE In-training Exam, USMLE 3 

USMLE 1, USMLE 2 ITE, USMLE 3 

Roberts 
2012 

Retrospective 
Cohort 

University of 
Louisville, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1996-2009 55 * USMLE 1 OITE 

USMLE 1 ITE 

Ronai  
1984 

Retrospective 
Cohort 

Northwester
n University, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1966-1981 23 * NBME 1, NBME 2, MCAT 
(science), MCAT (Verbal), 
Premedical School GPA (non-
science) 

Final In Training Exam 

NBME 1, NBME 2, MCAT 
(science), MCAT (verbal), 
Premed GPA (non-science) 

ITE 

Rushd  
2012 

Retrospective 
Cohort 

Hull York 
Medical 
School, 
England 
[Europe] 

MC OB-GYN 1998-2008 1335 80 A Levels, Medical School 
Reputation 

MRCOG 1 & 2 Board Exams 

Pooling Ineligible- Absent 
Institute breakdown & ranking 

 

Schuene
man 
1984 

Prospective 
Cohort 

Loyola 
University, 
USA. 
[North 
America] 

SC General Surgery <1984  
(5 years) 

120 10.8 NBME 1, NBME 2, MCAT DOPS 

NBME 1, NBME 2, MCAT ITER 
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Shellito 
2010 

Retrospective 
Cohort 

University of 
Kansas 

SC General Surgery 1990-2001 77 19.4 USMLE 1/NBME 1, USMLE 
2/NBME 2, NRMP Rank, 
Interview Score, AOA, Surgical 
Clerkship (honors), Medical 
School Class Rank 

ABSCE/ABSQE Board Exam (first 
Attempt), ABSITE 

MS Rank, Clerkship (surgery) 
AOA, NBME I/USMLE 1, NBME 
II/ USMLE 2, Interview Score 

Licensing, ITE 

Silber  
2005 

Retrospective 
Cohort 

Jefferson 
Medical 
College, 
USA.  
[North 
America] 

SC OB-GYN 1968-1994 310 * NBME 1/USMLE 1, NBME II 
/USMLE 2, Medical School 
Grade Y1, Y2, Y3 

Board Certification 

NBME 1/USMLE 1, NBME II 
/USMLE 2, Medical GPA (1st 
year) 
Medical GPA (2nd year), 
Medical GPA (3rd year) 

Licensing 

Smeds  
2017 

Retrospective
Cohort 

University of 
Arkansas, 
USA. 
[North 
America] 

MC General Surgery 2016 326 43 USMLE 1, USMLE 2 ABSITE 

USMLE 1, USMLE 2 ITE 

Spellacy 
1985 

Retrospective 
Cohort 

University of 
Illinois, USA. 
[North 
America] 

SC OB-GYN <1985  
(7 years) 

29 * NBME 1, NBME 2 CREOG 

NBME 1, NBME 2 ITE 

Spellacy 
2014 

Retrospective 
Cohort 

University of 
Southern 
Florida, 
USA.  
[North 
America] 

SC OB-GYN 2000-2011 61 * USMLE 1, USMLE 2 CREOG 

USMLE 1, USMLE 2 ITE 

Spitzer  
2009 

Retrospective 
Cohort 

New York 
University, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1983-2002 147 4 Medical School Reputation, 
Research Publications, Varsity 
Sports, Semiprofessional 
Musician, 
High Charitable nature 

Residence Performance (poor = failure of 
ABOS CE first attempt, disciplinary action, 
scoring lowest 5% clinical performance 
evaluation) 

MS Rep, Research Pub, SKILL 
(ATHLETICS), SKILL (MUSIC), 
SKILL (CHARITY) 

Problematic Status 

MC General Surgery 1999-2009 34 * USMLE 1 USMLE 2 ABSITE 
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Spurlock 
2010 

Retrospective 
Cohort 

Mount 
Carmel 
Health 
System, 
USA.  
[North 
America] 

USMLE 1 USMLE 2 ITE 

Stohl  
2010 

Retrospective 
Cohort 

John 
Hopkins 
University, 
USA.  
[North 
America] 

SC OB-GYN 1994-2004 75 65 AOA, Research Publications, 
Research Experience , 
Advanced degree, Talent/skill, 
Basic Science Grades, Clinical 
Core Grades, USMLE 1 

Faculty Assessment (overall performance) 

AOA, Research Pub, Research 
Exp, 
Adv Degree, SKILL, 
Preclerkship, 
Clerkship 

ITER 

Stohl  
2011 

Retrospective 
Cohort 

John 
Hopkins 
University, 
USA.  
[North 
America] 

SC OB-GYN 1994-2004 75 65 Reference Letter Comment 
Aspects 

Faculty Assessment (modified ACGME) 

  

Strand  
2011 

Pre-post Study University of 
Wisconsin, 
USA. 
[North 
America] 

SC OB-GYN 2006-2008 72 * Interview Score (Composite) 
Academic Record (Score), 
Academic Record (Score), 
Interview Score 
(Professionalism) 
Interview Score (Leadership) 

Faculty Assessment (ACGME 
components), Faculty Assessment 
(Overall), 

Interview Score, Academic 
Score, 
Interview Score 
(Professionalism), 
Interview Score (Leadership) 

ITER 

Sutton  
2014 

Retrospective 
Cohort 

University of 
Louisville, 
USA. 
[North 
America] 

SC General Surgery 1992-2012 123 * USMLE 1 Faculty Assessment (Overall), Board 
Certification 

USMLE 1 ITER, Licensing 

MC 2002-2006 2654 * USMLE 1, USMLE 2 ABOS 1 Board Exam 



329 
 

Swanson 
2009 

Retrospective 
Cohort 

National 
Board of 
Medical 
Examiners, 
USA.  
[North 
America] 

Orthopaedic 
Surgery 

USMLE 1, USMLE 2 Licensing 

Tabuenc
a 2007 

Prospective 
Cohort 

New York 
Medical 
College, 
USA.  
[North 
America] 

MC General Surgery 2004-2006 332 * USMLE 1 Faculty Assessment (ACGME 
components), 

USMLE 1 ITER 

Tang  
2014 

Retrospective 
Cohort 

Kaiser 
Permanente, 
USA. 
[North 
America] 

SC Otolaryngology 1990-2006 96 * Manual Dexterity (Soap Carving) Faculty Assessment (overall) 

Interview Test (Technical Skills) ITER 

Thomas 
2009 

Retrospective 
Cohort 

University of 
Hawai‘i, 
Honolulu, 
USA. 
[North 
America] 

SC OB-GYN 1997-2007 35 * PBL vs Non PBL medical school CREOG 
MS Curriculum Type ITE 

Thompso
n 2017 

Retrospective 
Cohort 

Mayo Clinic, 
USA. 
[North 
America] 

SC Urological 
Surgery 

2000-2011 53 24.5 Research Publications, USMLE 
1, 
USMLE 2, AOA, local Clerkship, 
Interview Score, Medical GPA 
(distinction), Medical School 
Reputation, Reference letters, 
Preclinical Honors, Rank Order 
Core Clerkships (all honours) 
Clerkship Surgery Clerkship 
OBGYN, Advanced degree 

Faculty Assessment (overall) 

Research Pub, USMLE 1, 
USMLE 2, AOA, Ext Local, 
Interview Score, Medical GPA, 
MS Rep, RL, 
Preclerkship, Rank, Clerkship, 
Clerkship (surgery), Clerkship 
(OBGYN) 

ITER 
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Thordars
on 2007 

Retrospective 
Cohort 

University of 
Southern 
California, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

<2006  
(4 years) 

46 * USMLE 1, Interview Rank 
(composite) 

OITE, ABOS 1 Board, Subj ranking faculty 
& peers (Best doctor), Faculty Assessment 
(overall) 

USMLE 1, Rank ITE, Licensing, Award, ITER 

Tolan  
2010 

Retrospective 
Cohort 

University of 
California 
Los Angeles, 
USA. 
[North 
America] 

MC General Surgery 2003-2009 77 39.0 USMLE 1, AOA, PhD Status, 
Clinical Honours (overall), 
Clinical Honours (OBGYN), 
Clinical Honours (Surgery) 

Faculty Assessment (ACGME Overall) 

USMLE 1, AOA, Adv Degree, 
Clerkship, Clerkship (OBGYN), 
Clerkship (surgery) 

ITER 

Turner  
2006 

Retrospective 
Cohort 

Mayo Clinic, 
USA. 
[North 
America] 

SC Orthopaedic 
Surgery 

1993-1998 67 * USMLE 1, AOA, Undergraduate 
performance (Composite), 
Clinical Clerkship (junior) 

OITE, ABOS 1 Board, ABOS 2 Board, 
Chief Resident Selection, Faculty 
Assessment (ACGME Overall) 

USMLE 1, AOA, Academic 
Score,  
Clerkship 

ITE, Licensing, Award 

Willis 
 2016 

Quasi-RCT University of 
Texas, USA. 
[North 
America] 

MC General Surgery 2007-2012 206 * USMLE 1, USMLE 2 ABSITE 

USMLE 1, USMLE 2 ITE 

Wolfson 
1991 

Prospective 
Cohort 

Jefferson 
Medical 
College, 
USA. 
[North 
America] 

SC General Surgery 1972-1986 593 6 NBME 1, NBME 2, Clinical 
Clerkships, Preclinical GPA 

NBME 3, Attrition, Faculty Assessment 
(overall) 

Pooling Ineligible-Absent 
Variance sizes 

 

Xu  
1998 

Retrospective 
Cohort 

Jefferson 
Medical 
College, 
USA. 
[North 
America] 

SC Surgery 1976-1985 333 * NBME I, NBME II, Basic 
Science GPA, Clinical Science 
GPA 

Board Certification 

NBME 1, NBME 2, Medical GPA 
(preclinical), Medical GPA 
(clinical) 

Licensing 

Yaghoubi
an 2012 

Retrospective 
Cohort 

University of 
California 
Los Angeles, 
USA. 
[North 
America] 

MC General Surgery 1999-2010 348 36.8 USMLE 1, USMLE 2, Clinical 
Clerkship (surgery) 

Residency Remediation (1+ ACGME 
deficiency), Attrition 

USMLE 1, USMLE 2, Clerkship 
(surgery) 

Problematic Status, Attrition 

SC=Single Centre, MC= Multi Centre 
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Risk of Bias Assessment 

Study Selection  Comparability Outcome Overall 
Quality 

 Representativeness 
of exposed cohort 

Selection of 
nonexposed 
cohort 

Ascertainment 
of exposure 

Evaluation for 
outcome at 
study 
commencement 

Comparability 
of Cohorts 

Assessment 
of Outcome 

Length of 
Followup 

Adequacy 
of follow-
up 

High/ 
Low 

Alfawaz 
2016 ★ NA ★ ★ NA ★ ★ ★ High 

Alterman 
2011 ★ NA ★ ★ NA ★ ★ ★ High 

Andriole 
2012 ★ NA ★ ★ NA ★ ★ ★ High 

Andriole 
2004 ★ NA NR ★ NA ★ ★ ★ Low 

Armstrong 
2007 

★ NA NR ★ NA NR ★ ★ Low 

Aufses  
1998 

★ NA ★ ★ NA ★ ★ ★ High 

Bell  
2002 

★ NA NR ★ NA ★ ★ ★ Low 

Bent  
2011 

★ NA ★ ★ NA ★ ★ NR Low 

Black 
 2006 

★ NA ★ ★ NA ★ ★ ★ High 

Brothers 
2007 

★ NA ★ ★ NA ★ ★ ★ High 

Calhoun 
1997 

★ NA ★ ★ NA ★ ★ ★ High 

Carmichael 
2005 ★ NA NR ★ NA NR ★ ★ Low 

Case  
1993 ★ NA ★ ★ NA ★ ★ NR Low 

Case  
1995 ★ NA ★ ★ NA ★ ★ NR Low 
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Catalano 
1989 

★ NA ★ ★ NA ★ ★ ★ High 

Chole  
2012 

★ NA ★ ★ NA ★ ★ ★ High 

Contessa 
2012 

NR NA NR NR NA ★ ★ ★ Low 

Crawford 
2010 

★ NA NR ★ NA NR ★ ★ Low 

Daly  
2006 

★ NA ★ ★ NA ★ ★ ★ High 

DaRosa 
1991 ★ NA ★ ★ NA ★ ★ NR Low 

De Virgilio 
2010 ★ NA ★ ★ NA ★ ★ ★ High 

Dirschl  
2006 ★ NA ★ ★ NA NR ★ ★ Low 

Dirschl 
2002 ★ NA ★ ★ NA ★ ★ ★ High 

Dougherty 
2010 

★ NA ★ ★ NA ★ ★ ★ High 

Dyrstad 
2011 

★ NA ★ ★ NA ★ ★ ★ High 

Erlandson 
1982 

★ NA ★ ★ NA ★ ★ ★ High 

Farkas  
2012 

★ NA ★ ★ NA ★ ★ ★ High 

Farley  
2001 

★ NA ★ ★ NA ★ ★ ★ High 

Forrester 
2017 

★ NA ★ ★ NA ★ ★ ★ High 

Friedman 
1991 

★ NA NR ★ NA ★ ★ ★ Low 

Fryer  
2012 ★ NA NR ★ NA ★ ★ ★ Low 

Gardner 
2017 ★ NA NR ★ NA ★ ★ ★ Low 

Gardner 
1973 

NR NA ★ ★ NA ★ NR ★ Low 
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Geissler 
2013 

★ NA ★ ★ NA ★ ★ ★ High 

Gonnella 
1983 

★ NA NR ★ NA ★ NR ★ Low 

Grewal  
2013 

★ NA ★ ★ NA ★ ★ ★ High 

Guo  
2008 

★ NA NR ★ ★ NR ★ ★ Low 

Herndon 
2009 

★ ★ ★ ★ ★ NR ★ NR Low 

Johnson 
2010 ★ NA ★ ★ ★ ★ ★ ★ High 

Kelly  
2015 ★ ★ NR ★ NR NR ★ ★ Low 

Kelz  
2010 ★ NA ★ ★ NA ★ ★ ★ High 

Kim  
2015 

NR NA NR ★ NA NR ★ ★ Low 

Klein  
2004 

★ NA NR ★ NA NR ★ ★ Low 

Kohlert  
2017 

★ NA ★ ★ NA ★ ★ ★ High 

Kron  
1985 

★ NA ★ ★ NA ★ ★ ★ High 

Lee 
2012 

★ NA ★ ★ NA ★ ★ NR Low 

Lynch  
2014 

★ NA ★ ★ NA ★ ★ ★ High 

Mainthia 
2014 

★ NA ★ ★ NA ★ ★ ★ High 

Maker  
2012 

★ NA ★ ★ ★ ★ ★ ★ High 

McGreevy 
1997 ★ NA ★ ★ NA ★ ★ ★ High 

Moore  
2015 ★ NA ★ ★ NA ★ ★ ★ High 

Moss  
1978 ★ NA ★ ★ NR ★ NR ★ Low 
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Nagasawa 
2017 

★ NA NR ★ NA NR ★ ★ Low 

Naylor  
2008 

★ NA ★ ★ NA ★ ★ ★ High 

Ogburn 2005 ★ NA ★ ★ NA ★ ★ ★ High 
Olawaiye 
2006 ★ NA ★ ★ NA ★ ★ ★ High 

Oldfield 2013 ★ NA NR ★ NA NR ★ ★ Low 

Papp  
1997 

★ NA ★ ★ NA ★ ★ ★ High 

Puscas  
2017 

NR NA ★ ★ NA ★ ★ NR Low 

Raman  
2016 ★ NA ★ ★ NA ★ ★ ★ High 

Redmann 
2018 ★ NA ★ ★ NA ★ ★ ★ High 

Roberts 
2012 ★ NA NR ★ NA NR ★ ★ Low 

Ronai  
1984 ★ NA NR ★ NA NR ★ ★ Low 

Rushd  
2012 

★ NA ★ ★ NA ★ ★ ★ High 

Schueneman 
1984 

★ NA NR ★ NA ★ ★ ★ Low 

Shellito 2010 ★ NA ★ ★ NA ★ ★ NR High 
Silber  
2005 ★ NA ★ ★ NA ★ ★ ★ High 

Smeds  
2017 

NR NA ★ ★ NA ★ NR ★ Low 

Spellacy 
1985 ★ NA NR ★ NA NR ★ ★ Low 

Spellacy 
2014 ★ NA NR ★ NA NR ★ ★ Low 

Spitzer  
2009 

★ NA ★ ★ NA ★ ★ ★ High 

Spurlock 
2010 

★ NA ★ ★ NA ★ ★ ★ High 
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Stohl  
2010 

★ NA ★ ★ NA ★ ★ ★ High 

Stohl  
2011 

★ NA ★ ★ NA ★ ★ ★ High 

Strand  
2011 

NR NA ★ ★ NA ★ ★ ★ Low 

Sutton  
2014 

★ NA NR ★ NA NR ★ ★ Low 

Swanson 
2009 

★ NA ★ ★ NA ★ ★ ★ High 

Tabuenca 
2007 ★ NA ★ ★ NA ★ ★ NR Low 

Tang  
2014 ★ NA ★ ★ NA ★ ★ ★ High 

Thomas 
2009 

NR NA NR ★ NA NR ★ ★ Low 

Thompson 
2017 ★ NA ★ ★ NA ★ ★ ★ High 

Thordarson 
2007 

★ NA ★ ★ NA ★ ★ ★ High 

Tolan  
2010 

★ NA ★ ★ NA ★ ★ ★ High 

Turner  
2006 

★ NA ★ ★ NA ★ ★ ★ High 

Wolfson 
1991 

★ NA ★ ★ NA ★ ★ ★ High 

Xu  
1998 

★ NA ★ ★ NA ★ ★ ★ High 

Yaghoubian 
2012 

★ NA ★ ★ NA ★ ★ ★ High 

NA= Not Applicable, NR= Not Reported or inadequate, Retrospective studies presumed to have adequate follow-up, Assessment of 

study outcome at commencement was presumed adequate where unfeasible to measure. Comparability category excluded in non-

comparison studies and therefore these studies required stars in all other domains to be determined high quality (not contingent on NA 

category entry). 
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Adequacy of Case 
Definition 

Case 
Representation 

Control 
Selection 

Control 
Definition 

Comparability 
of Groups 

Assessment 
of Exposure 

Method 
of 

Exposure 

Non 
Response 

Rate 

High/ 
Low 

Bergen  
2000 

NR ★ ★ ★ NR ★ ★ ★ Low 

Hirvela  
1991 

★ ★ ★ ★ NR ★ ★ NR Low 

NA= Not Applicable, NR= Not Reported or inadequate, Retrospective studies presumed to have adequate follow-up, Assessment of 

study outcome at commencement was presumed adequate where unfeasible to measure. 

High quality determined in case-control studies if stars in all domains.  

 

 
 
 
Cochrane Risk of Bias (RoB 2·0) Assessment: 
 
 
 
 
 
 
 
 
 

 Randomisation 
Process 

Deviations 
from Intended 
Interventions 

Missing 
Outcomes 

Measurement 
of Outcome 

Selection of 
Reported 
Results 

Risk of Bias 

Willis 
 2016 

High High Some Low Low High 
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Forest Plot Syntheses of Predictors vs Outcome: 

 

 
 
 

 
 
 



338 
 

 

 

 



339 
 

 
 
 

 

 
 
 



340 
 

 
 

 

 
 
 



341 
 

 

 
 

 
 



342 
 

 
 

 
 

 
 

 



343 
 

 

 
 

 
 

 



344 
 

 
 

 
 

 

 



345 
 

 

 

 
 

 

 

 

 

 

 



346 
 

Sensitivity Analyses: One Study Removed Approach 
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Conversion Approximations utilised: 

!" = !$% × √( 
 
 

!" =
)*+
1.35

 
 
 

!" =
+0(12
4

 
 
 
4	(727408ℎ:4;8) =
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1 = I × (1 − (
3

4 × ((E + (D − 2) − 1
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Appendix C 

FLS Scoring Procedure: 

Task 1 PEG Transfer: Time Allocation-Time Spent- Penalty (%of pegs not 

transferred) 

Task 2 Cutting: Time Allocation- Time Spent – Penalty (%Deviation from a 

perfect circle) 

Task 3 Ligating Loop: Time Allocation-Time Spent- Penalty 1- Penalty 2 

[Penalty 1=mm away from the demarcated line, Penalty 2=50 points for  

insecure knot] 

Task 4 Extracorporeal Knot: Time Allocation-Time Spent-Penalty 1-Penalty 2-  

Penalty3 

[Penalty1=mm away from demarcated points, Penalty 2=mm gap in the 

incision, Penalty 3= Security of knot penalty] 

Task 5 Intracorporeal Knot: Time Allocation-Time Spent- Penalty 1- Penalty 

2- Penalty 3 

[Penalty1=mm away from demarcated points, Penalty 2=mm gap in the 

incision, Penalty 3= Security of knot penalty] 

 

Security of Knot Penalties: 

 Secure knot=0 

 Slipping knot=10 

 Knot comes apart=20 

 


