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Abstract 

Competency-based training models in surgical education challenge programs to adequately 

document and assess trainees’ clinical decision-making, problem solving, and procedural skills 

in the operating room. While a variety of tools for the assessment of procedural skills exist, 

validated intraoperative assessment tools are scarce. Those that have been validated often 

employ checklists or numerical rating scales, which are prone to bias and provide limited 

feedback to residents. The Surgical Procedure Feedback Rubric (SPR) was developed by the 

Department of Surgery at Queen’s University to document the quality of resident performance 

during a single, directly observed operative encounter and provide targeted feedback to support 

learning. It differs from other assessment tools because it defines performance criteria by 

increasing complexity through the use of behavioural anchors, thus embedding standards of 

performance in the tool.  

This study begins the process of building a validity argument for the SPR. Validity in 

educational assessment is an evaluation of the appropriateness of inferences made with the use of 

an assessment tool. Kane and Stobart’s validity frameworks guided this study. The purpose of 

this study was to examine the inference that the SPR is able to distinguish between the 

intraoperative performances of different levels of learners. 

A 14-month observational study was conducted in the General Surgery, Orthopaedic and 

Obstetrics and Gynecology training programs. Document analysis of the SPR provided evidence 

that the SPR was being used as intended. Exploratory factor analysis identified a 3-factor 

structure of the SPR consisting of Operating Room Preparation, Technical Skills and Intrinsic 

Competencies. Three-way (PGY x Program x Role) ANOVA confirmed the results of factor 
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analysis, showed the utility of the SPR in discriminating between residents by postgraduate 

training year (PGY), and provided evidence for partial transferability of the SPR between 

programs and different roles in surgery. These results contributed to evidence to support scoring, 

generalizability and extrapolations inferences in the validity argument of the SPR.  

In addition to supporting the validity argument for the SPR itself, results of this study 

provide evidence for the use of rubric-based assessment tools to support competency-based 

assessment systems in medical education. 
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Chapter 1: Introduction 

Postgraduate medical education (PGME) is shifting from the traditional time-based 

model of residency training to a competency-based model (Beard et al., 2005; Carraccio & 

Englander, 2013; Iobst et al., 2010; Scheele et al., 2008). In Canada this transition has been 

spearheaded by the Royal College of Physicians and Surgeons of Canada (RCPSC) through the 

Competency by Design project and is quickly becoming a reality for PGME programs throughout 

the country (Royal College of Physician and Surgeons of Canada, 2014). Competency-based 

medical education (CBME) has been defined as “an approach to preparing physicians for 

practice that is fundamentally oriented to graduate outcome abilities and organized around 

competencies derived from an analysis of societal and patient needs. It de-emphasizes time-

based training and promises greater accountability, flexibility and learner-centeredness” (Frank 

et al., 2010, p 636). It differs from the traditional model of training in that it requires learners to 

demonstrate the ability to apply knowledge, skills and attitudes required to practice 

independently and deliver quality patient care. This contrasts from previous models of training 

that focused primarily on a learner’s knowledge acquisition, with the ability of a learner to apply 

what he or she has learned largely being assumed based on adequate exposure to desired leaning 

experience through specific rotations (Iobst et al., 2010).  

While CBME provides a framework for the design of PGME, it does not provide 

guidance on how to design or implement it. In 2009, the International CBME collaborators 

identified six key steps to planning CBME: (a) identify the abilities required of graduates of the 

profession and organize them into competencies (b) explicitly define required competencies of 

the profession and their components, (c) define the developmental pathway for acquisition of 
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each competency by identifying milestone, (d) design a curriculum to support progression 

towards competence by selecting appropriate educational activities, experiences and instructional 

methods, (e) design an assessment system to measure progress towards competence by selecting 

and/or developing appropriate tools, and (f) design an outcome-based program evaluation for 

ongoing monitoring and quality improvement of the CBME program (Frank, Snell, et al., 2010).  

The RCPSC has taken the first step towards establishing CBME in Canada with the 

introduction of the CanMEDS competency framework in 2005 (Frank, 2005). They are in the 

process of being updated for 2015 (Frank, Snell, & Sherbino, 2014). CanMEDS are the core 

professional competencies expected of all practicing physicians at the time of entry to practice 

regardless of specialty. They include seven interrelated competencies: Medical Expert, 

Communicator, Collaborator, Leader (previously Manager), Health Advocate, Scholar, and 

Professional. Since its initial introduction, the CanMEDS framework has gained international 

recognition, with training programs adopting it worldwide (Pangaro & ten Cate, 2013). The 

CanMEDS competencies provide a common language for medical educators in Canada as they 

build CBME training programs. The RCPSC is now in the process of defining milestones, 

identifying specialty specific competencies, translating these into competency-based curriculum 

and identifying appropriate competency-based assessment tools to monitor residents’ progression 

towards competence. 

Assessment has repeatedly been identified as one of the key elements in making the shift 

towards CBME possible (Driessen & Scheele, 2013; Iobst et al., 2010; Scheele et al., 2008). 

Traditionally the assessment of a residents in Canada has been based on In-Training Evaluation 

Reports (ITERS) that eventually qualified a resident to proceed to a final high stakes certifying 

examination (Chou, Lockyer, Cole, & McLaughlin, 2009). The ITER is a summary of clinical 
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performance over time, based on impressions derived from informal and unstructured 

observation of trainees by physician preceptors, allied health professionals and other residents 

over extended periods of time (Regehr et al, 2011; Chou et al, 2009). ITERS are typically 

completed at the end of a rotation and forwarded to the resident learner with or without a formal 

discussion of the assessment. The ITER, however, has been found to be a poor tool for 

discriminating and describing resident performance, and of limited value for providing feedback 

(Regehr et al, 2011).  

The CBME movement is changing the way medical educators think about assessment. 

Proponents of CBME are calling for more frequent assessment of learners based on direct 

observation of each learner’s performance (Carraccio & Englander, 2013; Driessen & Scheele, 

2013; Holmboe, Sherbino, Long, Swing, & Frank, 2010). Assessments should be done by 

multiple observers, and sample the full range of clinical contexts that learners must be proficient 

in when they achieve independent practice (Carraccio & Englander, 2013; Driessen & Scheele, 

2013; Holmboe et al., 2010; Royal College of Physician and Surgeons of Canada, 2014). 

Whenever possible, assessments should be done within the authentic environment in which the 

learner learns and works, in order to ensure that learners are demonstrating their abilities. These 

types of assessments have been coined workplace-based assessments (WBA). The primary focus 

of assessment should be on assessment for learning (formative assessment) rather than 

assessment of learning (summative assessment) that predominated previous training models 

(Driessen & Scheele, 2013; Holmboe et al., 2010; L. W. Schuwirth & van der Vleuten, 2011). 

This means that resident assessment, and the tools supporting it, need to be linked with and 

directly support feedback. Feedback should help guide learners through their professional 

development while cultivating their self-assessment practices. This means that learners must 
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become more actively engaged in the assessment process, teacher-learner dynamics need to shift 

to reflect a partnership and mentorship relationship, and programs need to foster a safe learning 

environment (Iobst et al., 2010).  

It quickly becomes clear that a purposeful system of assessment is required to support 

CBME. This system should be made up of a variety of assessment tools that generate a profile of 

a learner’s progress towards competence. Assessment tools populating these systems should be 

based on set standards of performance that reflect the expected developmental process for 

competency acquisition (criterion-referenced assessments). The assessment tools themselves 

would then build learning trajectories for learners (Holmboe et al., 2010). Decisions related to 

learner entrustment and promotion would be informed by synthesis of the data collected for each 

learner (Holmboe et al., 2010; Schuwirth & van der Vleuten, 2011). Challenges identified in 

establishing competency-based assessment systems include:  

 the need to develop explicit and shared standards of performance that reflect the 

developmental pathway for achieving professional competencies (Carraccio & 

Englander, 2013), 

 translating competencies into clinically relevant and assessable activities (Driessen & 

Scheele, 2013), 

 identifying and developing high quality WBA to support competency-based 

assessment systems (Driessen & Scheele, 2013; Iobst et al., 2010),  

 creating of simple but effective documentation system (Royal College of Physician 

and Surgeons of Canada, 2014), 

 supporting clinical teachers with both time and development of expertise (Holmboe et 

al., 2010), and  
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 understanding how to make meaningful judgments about a learners progress 

throughout training based on the  results of various assessments (Schuwirth & van der 

Vleuten, 2011).   

In the sections to follow, I will briefly review the Queen’s experience with developing 

assessment systems to support CBME for their postgraduate training programs and how this led 

to the development of a novel assessment tool for the assessment of intraoperative performance 

of surgical residents called the Surgical Procedure Feedback Rubric (SPR). I will then introduce 

the study purpose and research questions. This chapter will close with a discussion on how the 

SPR fits into the setting of the surgical training programs at Queen’s University.  

Context 

Queen’s University’s Approach to Assessment in Support of CBME: The Rubric 

Queen’s School of Medicine has been developing an assessment system to support 

CBME for their PGME programs using a rubric-based design. In the education literature, a rubric 

is defined as a document that clearly articulates the expectations for an assignment or task by 

listing the assessment criteria and providing clear descriptions of performance for different levels 

of achievement (Reddy & Andrade, 2010; Shipman, Roa, Hooten, & Wang, 2012). The use of 

rubrics for resident assessment in the workplace was initial introduced to the Department of 

Pediatric in 2010 by Dr. Laura McEwen, an assessment specialist with the Postgraduate Medical 

Education Office. It has since expanded to include multiple PGME programs throughout the 

School of Medicine including Critical Care, Family Medicine, General Surgery, Internal 

Medicine, Medical Oncology, Neurology, Orthopaedic Surgery, Obstetrics and Gynecology, 

Ophthalmology, Psychiatry, Palliative care and Respirology. In fact, the use of rubrics in PGME 
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have gained so much support from faculty and learners in these programs, that they are now 

being incorporated into the undergraduate medical education program.  

The application of rubrics to resident assessment emerged from the redesign of the 

Department of Pediatrics assessment system (McEwen, 2012). Faculty members were grappling 

with how to translate CanMEDS competencies and program objectives into something that was 

clinically meaningful, observable and assessable. The concept of an entrustable professional 

activity (EPA), initially described by Olle Ten Cate in 2005, bridged the gap to provide a 

practical framework on which to build their assessment system. EPAs are defined as an agreed 

upon list of professional activities that a specific medical specialist can be asked to perform (ten 

Cate & Scheele, 2007). In effect, EPAs are the expression of multiple CanMEDs enabling 

competencies as they apply simultaneously in a practice setting. The discussion around EPAs in 

Pediatrics allowed faculty to focus assessments on directly observable resident activities, 

describe variations in resident behaviours over the continuum of residency training, and allowed 

for negotiation of standards of performance. This ultimately led to the development of EPA 

Feedback Rubrics.  

EPA Feedback Rubrics are assessment tools that document the quality of directly 

observed resident performance and provide feedback to support learning. They differ from other 

assessment tools in that they provide behavioural anchors describing various levels of 

performance (e.g. needs attention, developing, achieving), thus allowing standards of 

performance to be embedded directly within the tool. Many other assessment tools require 

assessors to document the quality of performance they observe using numerical scales. The 

challenge with this approach is that standards are implicit, resulting in ambiguity for assessors, 
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significant variability in assessment results across assessors, and bias (Gingerich, Regehr, & Eva, 

2011; Kogan, Conforti, Iobst, & Holmboe, 2014).  

The introduction of EPA Feedback Rubrics in the Department of Pediatrics has provided 

clinical teachers with support to provide meaningful and efficient feedback to residents within 

the busy clinical environment, improved the consistency, timeliness and quality of feedback 

available to residents, improved resident satisfaction with the assessment and feedback process, 

and increased resident ownership of learning. Finally, it has provided the program and faculty 

evidence on which to inform ITER completion, and make entrustment, progress and promotion 

decisions for individual residents (McEwen, 2012). 

Development of the Surgical Procedure Feedback Rubric (SPR) 

In 2011, Dr. Sarah Jones, a staff pediatric surgeon, approached Laura McEwen about 

creating a set of rubrics for surgery. As an active member of the teaching faculty within the 

Department of Pediatrics, Dr. Jones had worked with rubrics and experienced first-hand how 

they improved teaching, learning and assessment practices for the Department of Pediatrics. Dr. 

Jones, who was also appointed as a teaching faculty in the Division of General Surgery, felt that 

rubric-based workplace-based assessment tools (WBA) could be used to improve resident 

assessment in General Surgery as well. At the time, resident assessment within the Department 

of Surgery at Queen’s University was limited to summative assessments in the form of ITERS. I 

became involved in the project as a resident representative.  

During the development of the SPR, the Department of Surgery introduced two new 

formative assessment tools based on direct observation of residents for procedures and clinics. 

These tools assessed residents based on CanMEDS competencies using Likert-based numerical 

rating scales. Unfortunately, there was much discontent from both faculty and residents related to 
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these tools. Primary concerns were related to the fact that forms were overly time consuming, 

used unclear or ambiguous language, were difficult to use, and had unclear standards of 

performance. Furthermore, residents and faculty both felt that the focus of assessment was 

inconsistent with the tasks being observed. This provided further support for the development of 

new assessment tools for the department. 

The overall aim was to establish a system of assessment for the Department of Surgery 

that would assist faculty in documenting and monitoring residents’ clinical performances over 

time, thus providing evidence to assist faculty in making decisions related to clinical 

competence, entrustment, and advancement. The first step in achieving this goal was to develop 

tools that could be used within the varied clinical contexts at Queen’s University for the 

formative assessment of surgical residents. Experience with rubrics in the Department of 

Pediatrics had shown that rubric-based assessment tools were effective in the ward, emergency 

and clinic settings for this purpose and could therefore be reasonablly adapted for the 

Department of Surgery (McEwen, 2013). Rubrics had not yet been applied to the assessment of 

operative or procedural skills. In addition, the OR environment provided an ideal opportunity for 

direct observation because residents were supervised by a faculty member at all times when 

operating. This was in contrast to ward and clinic settings where residents often saw patients 

independently but with regular review and guidance from faculty members. For these reasons, 

surgical procedures became the starting point for rubric development for the Department of 

Surgery.  

A working group was assembled consisting of a faculty surgeon (Dr. Sarah Jones), an 

assessment specialist (Dr. Laura McEwen) and a surgical resident (me) to develop a novel 

assessment tool using a rubric-based design: the Surgical Procedure Feedback Rubric (SPR) 
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(Appendix A). The goals in developing the SPR for surgery were twofold: (a) to develop a tool 

to assess and document residents’ clinical performances in the OR for the purpose of monitoring 

resident performance over time, and (b) to provide residents with consistent, timely, and quality 

feedback on their intraoperative performance. Throughout the SPR development there was a 

focus on maximizing the utility of this tool. Utility of an assessment tool has been defined as a 

product of its acceptability, feasibility, reliability, validity, educational impact and cost (van der 

Vleuten, 1996). In order to maximize the acceptability and feasibility of the SPR it needed to be 

easy to use, relevant and short enough to minimize assessor burden, and maximize uptake. In 

addition, the number and variety of assessment tools introduced needed to be at a minimum, 

while still supporting decision making for the faculty. The decision was made to create a single 

assessment tool that was easily transferable across multiple procedures as a starting point, with a 

plan to develop additional tools as necessary. Finally, we wanted the assessment tool to support 

assessors in providing immediate useful and meaningful feedback to residents. A rubric-based 

design was chosen because it made standards of performance explicit for assessors and residents 

alike through the use of behavioural anchors. Behavioural anchors provided scaffolding of the 

observation, assessment, and feedback for faculty assessors, while concurrently providing 

feedback to resident on performance. Furthermore, rubric-based assessments have been 

successful in achieving these goals within other training programs in the School of Medicine at 

Queen’s University. The hope was that the SPR would be used to help inform ITER completion, 

assist surgical residency programs at Queen’s University in making competency, entrustment, 

and advancement decisions about their residents, while improving the quality and timeliness of 

feedback provided to residents to help inform their learning during residency training. 



 

 

10 

The SPR was designed to assess a surgical resident’s intraoperative performance during a 

single operative encounter, which we define as a single operation from the time the patient 

entered the operating room to the time they left. A single operative encounter was chosen 

because it reduced ambiguity that would result from varied performance across different 

procedures. In developing the SPR, we began by breaking down an operative encounter into 

different stages. For each stage we identified foci of assessment. We then described observable 

behaviours (behavioural anchors) that described three levels of performance (needs attention, 

developing, and achieving) for each focus of assessment. Throughout the process, we conducted 

expert reviews with program directors and faculty members and incorporated their feedback. The 

expert review process functioned not only to provide us with evidence for content and construct 

validity, but to improve buy-in by surgical staff for the project. The SPR was then piloted in the 

Division of General Surgery between January 2012 and June 2012 in order to determine its 

acceptance, feasibility and to help inform further revisions to the tool (Figure 1).  

The SPR was well received by both staff and residents. In fact, during the pilot study 

several other surgical training programs (Orthopaedics and Obstetrics and Gynecology) became 

interested in incorporating the SPR into their teaching and assessment practices. Prior to 

introducing the SPR to the Division of Orthopaedics and the Department of Obstetrics and 

Gynecology, expert reviews were conducted with teaching faculty in those specialties to ensure 

the tool adequately captured the knowledge, skills, and attitudes being assessed for their 

specialty. Data collected with the original rubrics informed further revisions to the assessment 

tool. Examples include the need to qualify the achieving level as “functioning at the level of an 

independent surgeon”, indicate the role of the resident during a surgical procedure (e.g., assistant 

vs. primary surgeon), and include assessment domains of communication and collaboration.   



 

 

11 

 

Figure 1. Development process for the Surgical Procedure Feedback Rubric (SPR) 

This process identified 14 performance attributes organized within seven foci of 

assessment (domains): Pre-operative Probe (Pre-op Probe), Surgical Reasoning, Surgical 

Technique, Post-operative Plan (Post-op Plan), Communicator, Collaborator, and 

Scholar/Teacher (see Appendix A). These domains represent CanMEDS competencies that are 

readily observable during an operative encounter. The domains of Pre-op Probe, Surgical 

Reasoning, Surgical Technique and Post-op Plan all represent the competency of Medical 

Expert. Communicator, Collaborator and Scholar/Teacher represent their respective intrinsic 

competencies. Each attribute consists of behavioural anchors describing the three levels of 

performance (needs attention, developing and achieving). The assessor chooses a single 

behavioural anchor for each attribute that best describes the resident’s observed performance.  

Study Purpose 

At this stage in SPR development we were ready to investigate the validity of the SPR in 

more depth. Validity in educational assessment is an evaluation of the plausibility of the 

inferences made when interpreting the results of an assessment tool for its intended purpose 
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(Cook, 2014; Kane, 1992, 2013). It is best represented by an argument-based approach where 

threats to validity are identified and tested (Kane, 1992, 2013). A detailed discussion about 

validity and the development of a validity argument will be provided in Chapter 2. Kane’s 

argument approach to validity provided the theoretical framework around which this study was 

built.  

The SPR is currently being used by the Department of Surgery and the Department of 

Obstetrics and Gynecology for the purposes of a) documenting a resident’s performance in a 

single directly observed surgical procedure encounter in order to monitor resident performance 

over time and b) providing residents with consistent, timely and quality feedback on their 

intraoperative performance. In order to be effective for both these purposes, the SPR should 

distinguish between the intraoperative performances of different levels of learners. 

Consequently, the purpose of this study was to examine the inference that the SPR is able to 

distinguish between the intraoperative performances of different levels of learners.  

Data collected with the SPR were analyzed in order to answer the research question: To 

what extent and in what way does the SPR distinguish between the intraoperative performances 

different levels of learners. Level of learner was represented by a resident’s postgraduate training 

year (PGY). Attention was made to identifying potential threats to validity and resulted in the 

generation of three enabling questions to help guide this study (Table 1):  

1. Is the SPR being used as intended? 

2. What is the factor structure of the SPR? 

3. How are SPR scores influenced by postgraduate training year (PGY), role in 

surgery, training program and procedural complexity?  
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Table 1  

Summary of research question and enabling questions 

 

Setting: How is the SPR Incorporated into Surgical Residency? 

The SPR was adopted by the Departments of Surgery and Obstetrics and Gynecology to 

document and monitor a resident’s operative performances over time. The SPR was the only 

procedure-based assessment tool used in both departments. Besides the SPR, the Department of 

Surgery used a direct observation assessment tool for clinics. The Department of Obstetrics and 

Gynecology had no other direct observation assessment of resident at the time the SPR was 

introduced. All training programs required residents to complete two direct observation 

assessments per week as part of their residency requirements. Accountability measures had been 

put in place by the Department of Surgery in order to ensure faculty members were completing 

these regularly. The Department of Obstetrics and Gynecology had no similar policies. 

Residents had ample opportunities to complete the required two assessments per week. 

The SPR could be applied to any operative procedure performed by a resident. This included 

elective cases scheduled during the work day or emergency cases done overnight and on 

weekends while on call. A typical day in the OR consists of three to five elective cases. 
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Depending on the program, rotation and resident PGY, residents operate 1-5 times per week. 

Residents are on call one in every three to four days and will operate during most call shifts.  

Hospital policy requires that a faculty surgeon is present for every surgical procedure, 

ensuring that direct observation of a resident in the operating room was occurring. For every 

surgical procedure there was at least one faculty member and one resident present. Another 

learner (either a medical student or another resident) may or may not have been present.  

The decision to initiate a SPR could be done by either faculty or residents, although 

responsibility was placed primarily on residents. Ideally, the decision would be made prior to 

beginning the procedure so both parties were aware and agreeable that the assessment was taking 

place. The SPR would then be filled out together by the faculty and resident in the period 

immediately after the operative encounter as a debrief in order to encourage direct, timely, and 

one-on-one feedback on resident performance. The average turnaround time between cases at 

KGH and HDH is 20 minutes, providing an appropriate amount of time for feedback interactions 

to occur.  

Chapter Summary 

This chapter provides an overview of the current shift in PGME to a competency-based 

model and highlights the importance of workplace-based assessments based on the direct 

observation of resident performance in supporting this transition. It presents the Queen’s 

approach to assessment in CBME through rubric-based assessment systems and describes the 

adoption of this system in the Department of Surgery. The development of the SPR is outlined.  

The purpose of the research and the guiding research questions are defined. Finally the setting in 

which the SPR was being used was described.  
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Chapter 2 will provide a review of the literature related to workplace-based assessments 

(WBA) and procedural skill assessments in medical education, rubric-based assessment tools in 

higher and health professional education, and validity in educational assessment. Chapter 3 will 

outline the study methods used to answer the primary and enabling research questions. Chapter 4 

will describe the results and implications of the study.  Finally, Chapter 5 will discuss how the 

results of this study contribute to the validity argument of the SPR, make recommendations for 

further refinement of the tool, and identify areas for future research.  
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Chapter 2: Literature Review 

Introduction 

The shift towards competency-based medical education has resulted in increased pressure 

for programs to adequately assess and document residents’ performances within the clinical 

environments in which they are working. The Surgical Procedure Feedback Rubric (SPR) is a 

workplace-based assessment tool designed to document the quality of a resident’s intraoperative 

performance for the purposes of monitoring a resident’s progress towards competence and to 

improve the quality and timeliness of feedback to support resident learning. This chapter will 

review the literature around (a) workplace-based assessments (WBA) in medical education, (b) 

the assessment of procedural skills in surgery focusing on WBA tools, and (c) the use of rubrics 

as assessment tools and their application to assessment in higher education and health 

professional education. It will conclude with a discussion of validity as the theoretical framework 

guiding this study.  

Workplace-based Assessments (WBA) 

Direct observation of trainees is an important component of medical training and serves 

two primary purposes: (a) it supports learning of essential professional competencies through 

routine observation, assessment, and feedback by more experienced healthcare provider, and (b) 

it increases supervision of trainees to ensure patients receive safe, high quality medical care 

(Kogan, Holmboe, & Hauer, 2009). The reality, however, is that direct observation of trainees in 

the workplace is infrequent and varies in quality. The shift towards competency-based medical 

education (CBME) has further highlighted the need for assessments based on direct observation 

in the workplace (Holmboe et al., 2010). This has led to an increase in the development of 

workplace-based assessment tools. 
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WBA are tools that assess what trainees actually do in the clinical environment in which 

they work through the direct observation of a trainee’s clinical performance (Beard, 2011). They 

are a heterogeneous group of assessment tools with significant variability (Table 2). Over 95 

different WBA tools have been identified in the literature and development of new tools 

continues to occur (Ahmed, Miskovic, Darzi, Athanasiou, & Hanna, 2011; Jelovsek, Kow, & 

Diwadkar, 2013; Kogan et al., 2009; Van Hove, Tuijthof, Verdaasdonk, Stassen, & Dankelman, 

2010). Some of the best known examples include mini-Clinical Evaluation Exercises (mini-

CEX), Clinical Encounter Cards, Multisource Feedback (MSF), Direct Observation of 

Procedural Skills (DOPS), and Procedure-Based Assessments (PBA). In addition, many schools 

use locally developed WBA that have not yet been described in the literature or assessed for their 

utility (Holmboe et al., 2010). It is beyond the scope of this thesis to review in details each 

WBA. Rather, this review will center on general trends with specific examples being used for 

illustrative purposes about their utility as an assessment and feedback tool.  

Table 2 

Factors influencing variability of WBA 

Focus of 

Assessment 

Assessment 

target Assessor Design Setting 

Clinical Skills 

Technical Skills 

Communication  

Counselling 

Problem solving 

Team-work 

Professionalism 

Medical Student 

Resident 

Fellows 

Faculty 

Allied Health 

Professionals 

Residents 

Peers 

Self 

Patients 

Checklist 

Rating-scale 

Narrative 

Emergency room 

Wards 

Clinic 

Operating room 

Procedure suite 

References. Ahmed et al., 2011; J. D. Beard et al., 2011; Crossley & Jolly, 2012; Jelovsek et al., 

2013; J. Kogan et al., 2009; Van Hove et al., 2010 
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Despite the significant variability in WBA tools, they share the common characteristic in 

that they assess a trainee’s behaviour and skills instead of knowledge (Beard, 2011). WBA tools 

have been used primarily as assessments for learning, although some studies have used them for 

summative purposes (Kogan et al., 2009). Although many WBA have been described in the 

literature, it is unclear how many PGME training programs have incorporated these into their 

regular assessment practices. The increase in the number of research articles dedicated to the 

development, use, and implementation of WBA in medical training in recent years, as well as the 

current shift towards CBME suggests that WBA are becoming more common. However, no 

studies were identified in the literature examining the uptake of these tools into the assessment 

practices of PGME programs, what tools are being used, for what purposes, or how they are 

being used and incorporated into resident assessment. At Queen’s University, there is significant 

variability between programs in terms of their use of WBA. Some programs, like Pediatrics, 

have extensive assessment systems that use a variety of WBA. In contrast, the Department of 

Surgery uses only two WBA; the SPR and a locally developed clinic assessment tool that has yet 

to be examined for utility. Both the UK (Wilkinson et al., 2008) and Netherlands (Moonen-van 

Loon, Overeem, Donkers, van der Vleuten, & Driessen, 2013) have nationally mandated WBA-

based assessment systems that use a variety of assessment tools. In both countries, WBA are 

used primarily as assessment for learning; however, the evidence compiled from multiple 

assessments are used to inform summative assessments. Both countries use mini-CEX, MSF, and 

DOPS. The UK also includes case-based discussions (CBD) for all specialties (Wilkinson et al., 

2008) and PBAs for surgical training programs (Eardley, Bussey, Woodthorpe, Munsch, & 

Beard, 2013). Research completed in these countries has provided the bulk of evidence related to 

WBA.  
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Are WBA Assessment Tools Valid and Reliable? 

While a large number and variety of studies have been conducted exploring different 

elements of validity and reliability for various WBA, very few have been appropriately evaluated 

and tested (Ahmed et al., 2011; Jelovsek et al., 2013; Kogan et al., 2009; Van Hove et al., 2010). 

Outside of a few exceptions, individual assessment tools have been examined in only one or two 

studies, typically at a single institution. These studies are often based on small numbers of 

learners with a minimal number of assessments collected per learner on which to base their 

conclusions. The challenge in examining these studies includes the significant variability in the 

quality of studies being conducted, the type of evidence being collected, and the inconsistency 

and variability in the types of statistical analysis being used. In addition, many studies still use 

old frameworks for examining validity, in which validity is viewed as consisting of distinct 

elements (e.g. content validity, criterion validity) rather than the more contemporary unified 

frameworks currently advocated by Kane (1992, 2013) and others (e.g. Messick, 1989). A 

detailed description of Kane’s validity framework will be provided in the theoretical framework 

section. Briefly, Kane proposes an argument-based approached to validity in which inferences 

based on the use of an assessment tool are empirically tested to identify threats and provide 

evidence for their validity. He describes four categories of inferences: scoring, generalizability, 

extrapolation and decision rules. 

Studies have focused primarily on acceptability and perceptions of the tool for learners 

and faculty, and the feasibility, reliability, and ability of the tool to discriminate different levels 

of learners (Ahmed et al., 2011; Jelovsek et al., 2013; Kogan et al., 2009). In the WBA literature, 

there is a paucity of studies that have examined the correlation between a tool and other 

measures of learner performance. Those that have, suggest low correlations (Ahmed et al., 2011; 
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Jelovsek et al., 2013; Kogan et al., 2009). Influence of these tools on feedback practices have 

been minimally studied (Saedon, Salleh, Balakrishnan, Imray, & Saedon, 2012). This is both 

interesting and concerning since most tools were developed for the primary purpose of formative 

assessment. This raises a question about whether or not these tools are truly being used for their 

intended purposes. Evidence for educational impact of these tools has also been limited and 

tends to be based on self-reported perceptions of participants, although results have generally 

been positive ( Ahmed et al., 2011; Jelovsek et al., 2013; Kogan et al., 2009, Miller & Archer, 

2010).. The strongest evidence for the educational impact of WBA has been generated for MSF 

(Miller & Archer, 2010; Saedon et al., 2012).  

The most commonly reported reliability measure of WBA is inter-rater reliability. When 

reported, it tends to be low (Ahmed et al., 2011; Jelovsek et al., 2013; Kogan et al., 2009). Inter-

item reliability, test-retest reliability, internal consistency and generalizability coefficients have 

been reported for a few tools with large variability in results. These results have been taken as 

evidence for low reliability of these tools, which has contributed to a criticism of WBA. 

Explanations for these results have included assessor subjectivity and case-specificity of 

performance (Crossley & Jolly, 2012). Attempts to improve reliability through rater-training 

have also had highly variable results (Regehr, Eva, Ginsbug, Halwani, & Sidhu, 2011).  

Most assessment tools are able to distinguish between the performances of junior and 

senior learners but the degree to which this is possible vary significantly, with some tools 

discriminating medical students from residents and/or faculty, and others distinguishing between 

junior and senior residents (Ahmed et al., 2011; Jelovsek et al., 2013; Kogan et al., 2009). 

Relatively few tools outside of those assessing procedural skills distinguish between 

performances by PGY level. Those that can often do not take into account other variables that 
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could be influencing scores, for example the residents role in surgery or complexity of procedure 

performed (Ahmed et al., 2011; Jelovsek et al., 2013; Kogan et al., 2009). Tools for assessing 

procedural skills will be discussed in greater details in the section entitled assessment for 

procedural skills.  

The mini-CEX is the best studied WBA (Kogan et al., 2009; Regehr et al., 2011; 

Shalhoub, Vesey, & Fitzgerald, 2014). The mini-CEX is a tool developed initially for internal 

medicine in order to observe a learner’s interactions with patients in a variety of clinical settings. 

In the original version of the mini-CEX, assessments were done across six domains (history 

taking, physical exam, communication skill, clinical judgement, organization) and an overall 

clinical competence score was given (Norcini, 2003). A 9-point numerical rating scale was used 

for scoring, organized into three categories: unsatisfactory (1-3), satisfactory (4-7) and superior 

(8-9) (Norcini, 2003). Since its inception, the mini-CEX has been modified for a number of 

different uses and scenarios including shortening the rating scale, changes in anchors, and the 

addition of written comments (Regehr et al., 2011). It has also been re-designed for specific 

skills (ex. physical examination) or competencies (ex. professionalism). Hawkins and colleagues 

(2010) compiled data on the mini-CEX to generate a validity argument for this tool using Kane’s 

framework. Unfortunately, the resulting validity argument identified significant gaps in all 

validity dimensions. In addition, important weaknesses were identified related to scoring 

inferences. Concerns about scoring included: (a) significant skewing of scores towards the higher 

end of the scale suggesting leniency bias; (b) high inter-item correlation suggesting either 

inability for the tool to discriminate between different competencies assessed, tendency of 

performance in one domain to inappropriately influence assessment in other domains (halo-

effect), or high correlation between assessed competencies; (c) vulnerability of assessments to 
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assessor differences; and (d) inability of faculty selection and training to improve the 

consistency, accuracy and reliability of assessments. Of particular concern was the fact that, 

despite being a primarily formative assessment tool, there was a paucity of studies examining the 

effects of the mini-CEX on quality of feedback or educational impact. It should be noted, 

however, that the authors excluded studies examining instruments with significant modifications 

from the original version of the mini-CEX, including changes to the scale and anchors, which 

limits the strength of these conclusions.  

Concerns related to low reliability of individual WBA tools, have led proponents of 

WBA to recommend increasing the frequency and variety of assessment tools used to assess a 

trainee’s performance as a way of mitigating this problem (Pangaro & ten Cate, 2013; Schuwirth 

& van der Vleuten, 2012; van der Vleuten & Schuwirth, 2005). Only one study has looked at the 

composite reliability for multiple WBAs. Moonen-van Loon and colleagues (2013) used 

generalizability theory to examine data collected over four years from portfolios across 12 

specialties in the Netherlands in order to determine the individual and combined reliability mini-

CEX, DOPS and MSF. They found that reliable results could be achieved by each assessment 

tool independently for eight mini-CEX, nine DOPS and nine MSF. When combined, sufficient 

reliability could be obtained for seven mini-CEX, eight DOPS and one MSF.  Reliable 

promotion decisions could be obtained for the first year of training with five mini-CEX, six 

DOPS and one MSF. It should be noted that a mean score for multiple assessors (supervisor, 

peer, allied health, patients and self-assessment) was used for each MSF. The authors did not 

specify how many or what combination of assessors contributed to the results for one MSF. For 

the remaining tools each assessment was done by a single assessor. These findings support the 

use of combined WBA results for the purposes of summative assessments for learning.  
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Are WBAs Being Used As Intended? 

WBAs are becoming an increasingly integral part of assessment in PGME. That being 

said, the widespread adoption of these tools has brought about the concern that they are not being 

used as intended. Large-scale implementation of WBAs in the UK showed that the majority of 

trainees viewed WBAs as a test rather than opportunities for learning (Beard, 2011). Trainees 

would only request an assessment when they felt certain of a good performance. This 

undermined the use of these tools as assessment for learning, and reduced opportunities for 

constructive feedback. In addition, concerns were raised about refusal of some faculty members 

to complete assessments, and a lack of faculty engagement in the feedback process, highlighted 

by concerns about the frequency, timeliness, and quality of feedback generated with these tools 

(Bindal, Wall, & Goodyear, 2011). Responses to these findings in the UK have included 

education for both residents and faculty regarding the purpose of the tools, encouragement for 

earlier and more frequent assessments, modification to the assessment protocols by requiring 

observations to be scheduled, and mandating written documentation of verbal feedback 

discussions. The effectiveness of these educational initiatives and protocol modifications have 

not yet been determined. More recently, questions have been raised about whether or not 

assessments were being completed based on the direct observations of residents (Ali, 2014). A 

study looking at feedback practices generated with WBAs in the Netherlands also highlighted 

concerns that both direct observation and feedback were not consistently occurring, and that 

there was considerable variability in quality of feedback provided (Pelgrim, Kramer, Mokkink, 

& van der Vleuten, 2012). 
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Barriers to Implementation of WBAs 

A number of articles highlight the challenges associated with the implementation of 

WBAs. I have broadly categorized these into measurement issues, feasibility issues and cultural 

issues. Measurement issues have been outlined in detail above and include concerns related to 

reliability and validity. Also included in this category is a need to identify and/or develop 

appropriate WBAs that adequately sample and measure progression toward competence, and a 

lack of understanding of how to use collected information to make judgement about learners. 

(Boursicot et al., 2011; Hauer, Holmboe, & Kogan, 2011; van der Vleuten & Schuwirth, 2005).  

Feasibility issues have centered primarily around time constraints due to the clinical 

responsibilities of both residents and faculty, resident duty hour restrictions, and time required to 

complete assessments and feedback (Bindal et al., 2011; Hauer et al., 2011; Royal College of 

Physician and Surgeons of Canada, 2014; Wilkinson et al., 2008). Such findings suggest that 

guidance will be needed on how to incorporate WBA effectively into busy clinical practices. 

Other feasibility concerns include increased workload for faculty (Iobst et al., 2010; Wilkinson et 

al., 2008), concerns about assessment fatigue (Bindal et al., 2011), and a need to develop simple 

but effective methods for distribution, documentation, collection and collation of data generated 

with these tools (Pereira & Dean, 2009; Royal College of Physician and Surgeons of Canada, 

2014). These concerns highlight the need for simple, easy to use and administer WBAs. 

A number of articles have highlighted a need to change the culture of medical education 

to focus on learning over assessment (Beard, 2011; Carraccio & Englander, 2013; Pangaro & ten 

Cate, 2013). This claim is supported by evidence from recent studies that suggest: 

 trainees are reluctant to be observed causing some trainees to avoid participating in 

WBA initiatives (Bok et al., 2013; Pelgrim et al., 2012),  
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 poor engagement of assessors (Bindal et al., 2011; Pereira & Dean, 2013),  

 unwillingness of faculty members to record poor assessments for trainees due to lack 

of administrative support, perception of weak remediation processes, uncertainty in 

their ability to appropriately assess learners, and/or conflict between their role as an 

educator and gate-keeper for quality (Regehr et al., 2011), and  

 the lack of recognition or support for teaching (Royal College of Physician and 

Surgeons of Canada, 2014)  

This discussion highlights the fact that while the psychometric properties of the SPR are of 

critical importance to the argument for its validity as an assessment tool, understanding the 

meaning of the instrument in context is equally important. 

Assessment of Procedural Skills 

In establishing a CBME program for surgical specialties, the ability for programs to 

adequately assess and document a resident’s clinical decision-making, problem solving, and 

procedural skills in the operating room (OR) is essential (Ahmed et al., 2011; Jelovsek et al., 

2013; Van Hove et al., 2010). As with WBA, there are a wide variety of assessment tools 

available in the literature. Historically, assessment for procedural skills started in the simulated 

setting with the use of low and high fidelity benchtop models. Success in this setting led to the 

investigation of the transferability of these tools into the OR. Modification of simulation-based 

assessments to maximize their applicability for specific procedures, learners, programs and 

disciplines has resulted in the exponential growth of these tools. Procedural assessment tools can 

be broadly categorized in a number of ways: (a) tools used in the simulated setting versus the 

OR; (b) tools that can be used across multiple procedures (generic or global assessments) versus 

task or procedure specific assessments; and (c) tools that employ checklists, rating-scales or 
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both. For the purposes of this review, I will discuss tools used in the simulated setting briefly by 

focusing the discussion on the best studied example, the Objective Structured Assessment of 

Technical Skills (OSATS). This will lead into a more detailed discussion on procedural skill 

assessment tools used in the workplace.  

The OSATS was one of the first attempts to formally assess trainees’ technical skills. It is 

a simulated test based on the format of the Objective Structured Clinical Examination (OSCE), 

in which examinees rotate through a circuit of short stations consisting of structured procedural 

tasks (Martin, Regehr, Reznick, MacRae, & Murnaghan, 1997). Examinees are assessed at each 

station by an expert examiner using two assessment tools: a station specific checklist and a 

global rating scale (GRS) that is consistent for each station. The GRS assesses seven items on a 

5-point behaviourally anchored numerical rating scale. It also includes a global pass/fail 

assessment. Since its original description, the OSATS have been adapted for use by different 

surgical specialties (Ahmed et al., 2011).  

The OSATS is important to the discussion of WBA of procedural skills for three reasons. 

Firstly, the OSATS have been the catalyst for the development of different assessment tools for 

procedural skills both in the simulated and intraoperative setting. Secondly, the assessment tools 

used in the OSATS itself have been applied to the intraoperative setting. Finally, the OSATS are 

one of the best studied tools for assessing procedural skills. Evidence to support OSATS’ 

validity is applicable to validity arguments for other assessment tools on which it is based. A 

recent review article examining the validity argument of the OSATS based on Kane’s validity 

framework found that while there was good evidence to support the psychometric properties of 

the OSATS, there was incomplete evidence to support generalizability, extrapolation and 

decision-making inferences of this tool (Hatala, Cook, Brydges, & Hawkins, 2015). In particular, 
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despite being developed as a tool to provide feedback to learners on their technical skills, there 

were no studies that looked at its effectiveness in this capacity or on the educational impact of 

the OSATS. Hence the authors concluded that, at this time, there was insufficient evidence to 

support its use as either a formative or summative assessment tool.   

A number of direct observation assessment tools for procedural skills have been 

developed for the OR (Ahmed et al., 2011; Jelovsek et al., 2013; Van Hove et al., 2010). The 

majority are based on modifications made to the GRS and/or task-specific checklists from the 

OSATS. As with other WBAs, a number of tools exist but most have a small number of studies 

of varying quality to support their use, with significant variability in the amount and quality of 

evidence available. In addition, there is a wide range of study designs, definitions of validity, 

criteria used to assess validity, and statistical methods employed. In addition to the GRS and 

task-specific checklist from the OSATS, best known intraoperative procedural skill assessments 

tools include the Global Operative Assessment of Laparoscopic Skills (GOALS), Global Rating 

Index for Technical Skills (GRITS), Operative Performance Rating System (OPRS), DOPS and 

PBAs. Studies have largely focused on acceptability, feasibility, reliability, content validity and 

discriminative validity of these tools. Reliability of procedure-based WBAs appears to be 

stronger than for other WBAs. Again there is a paucity of evidence supporting the educational 

impact of these tools, including their effect on feedback. Those that do are based primarily on 

trainee and trainer perceptions. The GRS and PBA have been identified as the best studied 

intraoperative assessment tools with the strongest evidence for their use (Jelovsek et al., 2013).  

These will be the focus of the rest of the discussion  

GRS use in the OR has been reported in 15 studies in a variety of specialties including 

general surgery, obstetrics and gynecology, urology, vascular surgery, and anesthesia (Ahmed et 
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al., 2011; Jelovsek et al., 2013; Van Hove et al., 2010). Evidence generally supports the ease of 

use of this tool and its acceptance by both faculty and residents. Inter-rater reliability in the OR 

was lower than in the simulated setting, but was still moderate to high (0.72 to 0.94 with 

variability in statistics used). Internal consistency has been shown to be high in a number of 

studies. The GRS has been shown to discriminate between novice and expert learners in the OR 

to varying degrees. Studies have not, however, take into consideration other aspects of the 

operation that could influence scores, including the role in surgery, procedure complexity or 

assessors. Although not described in the OR, ceiling effects have been identified in the simulated 

setting, which may further limit the use of the GRS (Ahmed et al., 2011). Only two studies have 

compared scores on the GRS in the simulated setting and OR, showing moderately high 

correlation between scores (Hatala et al., 2015). These studies, however, were done for a single 

procedure, making it hard to generalize results.  

One significant criticism of the GRS is that it focuses only on technical skills, whereas 

competence in the OR also includes skills such as preoperative planning and preparation, post-

operative management, and non-technical skills that include communication, collaboration, 

situational awareness and leadership (Jelovsek et al., 2013). There is growing interest in teaching 

and assessing non-technical skills in surgery, and several assessment tools are being developed, 

with increasing evidence for their utility (Dedy, Bonrath, Zevin, & Grantcharov, 2013; Sharma, 

Mishra, Aggarwal, & Grantcharov, 2011).These include the Non-Technical Skills for Surgeons 

(NOTSS), Non-technical skills (NOTECHS) and Observational teamwork assessment (OTAS). 

Detailed discussion of these tools is beyond the scope of this review. It should be noted that, at 

this time, these tools share the same limitations as other WBAs and procedure assessment tools; 

there is a paucity of evidence to support a validity argument for their use. 
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PBAs were developed in the UK to support a competency-based approach to surgical 

education with the primary purpose as an assessment for learning (Marriott, Purdie, Crossley, & 

Beard, 2011). PBAs are procedure specific and have been created for specific index cases 

identified for each specialty in which they are used. As a result, the PBA assessment system is 

complex and consists of multiple different assessments for any given specialty. For example, 49 

index cases have been identified for general surgery training (Intercollegiate Surgical Curriculum 

Program (ISCP), 2013). Trainees are expected to complete a minimum of 40 PBA per year. PBA 

length varies significantly based on procedure with a minimum of 30 checklist items for a single 

procedure (Jelovsek et al., 2013). To give a better idea of the length of an assessment form, a 

relatively simple procedure like an appendectomy has a form that is over two pages long. 

Interestingly, the mean time for PBA completion and feedback was only 4.9 minutes with a 

range of 1-18 minutes in a recent observational study (Marriott et al., 2011). Despite the length, 

studies looking at feasibility of the PBA have shown that trainees and trainers felt that the PBA 

was easy to use (Jelovsek et al., 2013). 

The PBA has two components: a checklist that lists critical steps across six domains 

(consent, preoperative planning, preoperative preparation, exposure and closure, intraoperative 

technique and post-operative management) and a global summary score based on the degree to 

which the trainee was able to perform the procedure without supervision (Beard et al., 2011; 

Marriott et al., 2011). The PBA checklists use a simple categorization method to measure 

performance: not observed, developing and satisfactory. The PBA global summary score uses a 

four-point rating scale that ranges from ‘unable to perform the procedure under supervision’ to 

‘competent to perform procedure unsupervised.’ PBAs are completed based on direct 

observation of a trainee. Assessment forms are completed at the end of the case with immediate 
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provision of feedback. Although, a recent study by Marriott et al (2011) evaluating the validity, 

reliability and acceptability of the PBA of 81 surgical trainees across six surgical specialties 

showed that in 15.8% of cases feedback did not occur. (Ahmed et al., 2011; Jelovsek et al., 2013; 

Kogan et al., 2009).  

Evidence to support the reliability of the PBA includes good internal consistency, test-

retest correlation, and inter-rater reliability (Jelovsek et al., 2013). Generalizability studies 

showed that the largest contribution to PBA scores was trainee variance (33-36%), with assessor 

stringency and subjectivity contributing between 3% and 21% of the variance depending on 

whether the global rating or checklist component of the tool was considered (Marriott et al., 

2011). There was no difference between assessments done by independent observers or clinical 

supervisors. The global rating was found to be a more reliable judge of performance. Acceptable 

levels of reliability could be obtained with assessment by one assessor for three to four 

observations of the same procedure. Reliability was poor if a mix of procedures were being used, 

requiring at least three assessors observing a minimum of eight cases (Marriott et al., 2011).  

Further evidence to support the validity argument of the PBA includes evidence of 

improved scores with repeat performance of procedure, and the ability of the tool to discriminate 

between consultants and trainees, and junior or senior trainees (Jelovsek et al., 2013). Both the 

global assessment and checklist correlate strongly to one-another (Marriott et al., 2011). 

Furthermore, both scores correlate with level of specialty training, age, total years in surgical 

training, total years in surgical training in the UK and the number of index procedure performed 

by the trainee over the last six months. In addition, when the PBA was compared to the OSATS 

global and task-specific assessment tools, the PBA outperformed the OSATS on all measures of 
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reliability and had better correlation to other measures of technical skills such as specialty 

training level (Beard et al., 2011). 

Surveys done on acceptability and satisfaction of the PBA have been mixed with some 

studies suggesting a predominantly positive opinion (Jelovsek et al., 2013; Marriott et al., 2011), 

and others indicating primarily negative opinions (Pereira & Dean, 2009, 2013). Surveys looking 

at usefulness of feedback generated by the PBA from both a trainee and trainer perspective have 

been primarily positive (Jelovsek et al., 2013; Marriott et al., 2011). Assessors report some 

improvement in their ability to assess surgical skills (Marriott et al., 2011). Surveys related to 

trainees’ and faculties’ opinions about the usefulness of PBA to surgical education have also 

been mixed (Beard et al., 2011; Pereira & Dean, 2009, 2013). Overall, there is strong evidence to 

support the use of PBA for assessment of procedural skills but further studies related to 

effectiveness of feedback, educational impact, and effect on patient care are needed to support 

the validity argument for its use as an assessment for learning tool. 

To summarize, there are a number of procedure-based assessment tools available in the 

literature, although evidence to support their use is limited even for well-studied tools like the 

GRS and PBA. There is generally reasonable evidence to support reliability and construct 

validity of these tools. Unfortunately, there is little evidence to support the effectiveness of these 

tools to stimulate resident learning or to improve consistency and quality of feedback that is 

needed to support the use of these tools as assessments for learning. Furthermore, outside of the 

UK and the Netherlands, up-take of currently available procedural assessment tools has been 

limited within surgical training programs, possibly due to the restrictive scope, complexity, 

and/or usability of these tools. 
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Challenges with Rating-scales and Checklists: Justifying a Need for Better Assessment 

Tools 

WBA and procedural skill assessment tools can be divided into two basic categories 

based on their design: checklist (e.g. PBA, revised version of DOPS) and numerical rating scales 

(e.g. mini-CEX, MSF, original version of DOPS), with some tools using a combination of both. 

Tools vary in the number of items assessed, the length of the rating scale, the presence or 

absence of a global rating, and space for written feedback. Both checklists and rating-scales have 

limitations in their usefulness as an assessment tool. These limitations are especially pronounced 

if the tool is being used to support feedback.  

Checklists are tools that breakdown a clinical encounter into a list of tasks or behaviours. 

Learners are assessed based on whether or not they complete the individual tasks during the 

encounter. The primary advantages of checklists are that they are simple, easy to use, and can 

provide very specific and concise feedback on what was and was not done (Ahmed et al., 2011). 

However, checklists do not provide information about the quality aspects of performance. Nor do 

they provide information on how to improve performance in subsequent interactions. 

Furthermore, checklists do not measure a trainee’s ability to integrate different behaviours in 

order to deliver safe and effective patient care (Carraccio & Englander, 2013).  

Numerical rating scales, similar to Likert-scales, provide a numerical ranking that 

summarizes the quality of the demonstrated performance for each behaviour being assessed. The 

challenge with this approach is that standards are implicit. Consequently, what constitutes a “3” 

for one assessor may be very different for another. This phenomenon is well documented in the 

medical education research literature and is referred to as “stringency bias” (Kogan et al., 2014). 

In addition to reducing the validity and reliability of these assessment tools, unclear standards 
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and the variability in assessors’ scores make interpretation of results generated with these tools 

difficult for programs and limits the usefulness of feedback available to residents (Driessen & 

Scheele, 2013; Hawkins, Margolis, Durning, & Norcini, 2010).  

Multiple strategies have been used to overcome these problems. The use of performance 

anchors (e.g. below expectations, meets expectation, above expectations) have had minimal 

utility, as expected performances for each level have not been universally clear to assessors 

(Beard, 2011; Yeates, O’Neill, Mann, & Eva, 2013). The use of descriptive behavioural anchors 

has resulted in some improvement in assessors ability to discriminate between different 

performances and reduced assessor disagreements (Crossley & Jolly, 2012).  

Assessor training has also been used as a mean of overcoming this problem and 

improving inter-assessor reliability (Beard, 2011; Hauer et al., 2011; Regehr et al., 2011). 

Unforunately, studies have shown limited utility of assessor training to improve the accuracy and 

consistency of assessments. Those that have, required assessors to undergo intensive multi-hour 

interactive training workshops (Hawkins et al., 2010). Furthermore, it has been suggested that 

longitudinal training sessions are required to maintain effects (Hauer et al., 2011). The reality, 

however, is that faculty members assessing resident clinical performance in the workplace have 

multiple competing responsibilities. These include patient care requirements, administrative 

duties, research, and teaching requirements, often at both the undergraduate and postgraduate 

levels. The extensive training required to improve the reliability of rater-based assessment tools 

is rarely done in the busy clinical setting in which residency training occurs. A recent review 

article by Driessen and Scheele (2013) has suggested that the development of rubric-based 

assessment tools could overcome some of these limitations.   
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Rubrics as Assessment Tools 

In the education literature, a rubric is defined as a document that clearly articulates the 

expectations for an assignment or task by listing the evaluation criteria and providing clear 

descriptions of performance for different levels of achievement (Reddy & Andrade, 2010; 

Shipman et al., 2012). Evidence from the education literature suggests that rubrics serve a dual 

purpose as both an assessment tool, and a tool to provide feedback to promote learning and 

achievement (Reddy & Andrade, 2010). Rubrics differ from rating-scales through the use of 

descriptors that make standards of performance explicit. The advantages of rubrics include: (a) 

the improvement in the objectivity of assessments through the use of a clear assessment 

framework and scoring guide; (b) improvement in the consistency, reliability and efficiency of 

scoring for both a single assessor and multiple assessors; (c) the provision of immediate feedback 

to students on performance; and (d) an increase in the ability of students to self-evaluate their 

own performance (Jonsson & Svingby, 2007; Reddy & Andrade, 2010; Shipman et al., 2012).  

Rubrics in Health Professional Education 

While rubrics are a well established assessment tool in all tiers of education (Reddy & 

Andrade, 2010; Shipman et al., 2012), their uptake in the field of medical education has been 

slow. The use of rubrics in medical education appears to have been primarily an extension of the 

work done in higher education and applied to written and oral work in the classroom setting 

(Moni, Beswick, & Moni, 2005; Wald, Borkan, Taylor, Anthony, & Reis, 2012) or oral research 

presentations in formal clinical teaching sessions (Musial et al., 2007). There are very few 

examples of the use of rubrics for assessing resident performance in the clinical setting. Boulet 

and colleagues (2004) created a rubric for assessing written communication in patient charts for 

postgraduate medical trainees. Three surgical competency assessment rubrics in Opthalmology 
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have been published for lateral tarsal strip surgery (Golnik et al., May 2012) , strabismus surgery 

(Golnik, Motley, et al., August 2012) and cataract surgery (Golnik et al., 2013) but none have 

been tested in the clinical setting. Evidence of validity has been limited to content validity based 

on the development process for all three rubrics. Inter-rater reliability for the cataract surgery 

rubric (ICO-OSCAR:PHACO) was calculated based on scoring of six video-taped procedures by 

10 international cataract surgeons. Reliability was found to be high (Cronbach’s α = 0.92). 

Rubrics are also being used in the Université de Montréal Obstetrics and Gynecology training 

program but, to my knowledge, there have been no studies published about their experience or 

use (“Université de Montréal Program de Résidence en Obstétrique-Gynécologie Cahier 

d’Objectif.,” 2013). 

While the experience with rubrics in medical education is minimal, nursing educators 

have been using rubrics in a variety of classroom, simulation and clinical settings over that last 

decade. Studies have shown promising results on their use as both a tool for teaching, learning, 

and assessment (Gantt, 2010; Isaacson & Stacy, 2009; Nicholson, Gillis, & Dunning, 2009; 

Shipman et al., 2012; Truemper, 2004). Within the clinical setting, the nursing education 

literature has shown that rubrics facilitated commuication between faculty and learners, 

improved the objectivity of assessments, reduced discrepancy between faculty and learner 

understanding of learning objectives, assisted faculty in providing individualized feedback 

efficiently within the time constraints of the workplace, and assisted faculty and leaners in 

identifying patterns of performance allowing modification of teaching and learning objectives for 

the learner. These findings provide support for the application of rubrics to WBAs in medical 

education. 
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Theoretical Framework 

Validity in educational assessment is an evaluation of the appropriateness of an 

assessment tool to capture what it is intending to capture (McMillan & Schumacher, 2010). It 

refers to the interpretation or use of results generated with the assessment tool, and is not a 

property of the results generated with the tool or the tool itself (Kane, 1992). Validity of an 

assessment tool is not absolute. It varies depending on context, changes in the interpretation and 

intended use of the tool, and with accumulation of evidence supporting or opposing the tool’s use 

for the intended purpose (Kane, 2013). In essence, validation of an assessment tool is an 

evaluation of the plausibility of claims generated with the use of that tool for a given context and 

time, and is best represented by an argument-based approach (Kane, 1992, 2013).  

Kane (2013) proposed a framework for developing an argument-based approach for 

validity consisting of two basic steps: (1) Formulation of an interpretation-use argument (IUA), 

and (2) a validity argument that evaluates evidence for and against claims made in the IUA. The 

IUA is a compilation of all inferences and assumptions inherent in the proposed interpretation 

and use of the assessment tool. The purpose of an IUA is to make explicit the reasoning behind 

the interpretation and use of an assessment tool so it can be better understood and evaluated. The 

IUA provides the framework for the validity argument.   

Kane (2013) describes four categories of inferences that are commonly encountered in 

interpretation-use arguments: (1) scoring, (2) generalization, (3) extrapolation, and (4) decision 

rules. Scoring inferences relate to how observed performances are translated into observed 

scores. They deal with assumptions about the appropriateness for scoring criteria and the rules 

for combining scores. Generalization inferences relate to how well observed scores estimate the 

more general attribute used for decision-making. Assumptions related to how well the tool 
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samples observed performance from the larger domain being tested or how observed traits relate 

to the larger domain. Embedded within the generalization inferences is a measure of the 

reliability of the tool (Brennan, 2013). Extrapolation inferences relate to how well the tool 

predicts future performance in different contexts and involves assumptions about relationship 

between test performances and other attributes or larger domains (Kane, 2013). Finally, decision 

rule inferences related to how the individual score relates to decisions about the individual being 

assessed. Assumptions are related to consequences of different decisions for individuals with 

different scores. An IUA can include some or all of the above inferences depending on the 

purpose of the assessment tool and may include inferences that are not listed (Kane, 2013).  

The validity argument is an overall evaluation of the plausibility of claims made in the 

IUA (Kane, 2013). A proposed IUA is considered valid if it is clear, coherent, complete, and the 

assumptions are either highly plausible a priori or supported by adequate evidence. Particular 

attention must be paid to ensure that any questionable inferences or assumptions are recognized 

and adequately investigated. The type of evidence required to support a claim depends on the 

claim being made. For example, evidence for scoring inferences are often based on expert 

judgement about the criteria being scored, quality control on scoring procedures, and data 

regarding rater accuracy and consistency. Evidence for generalization inferences includes 

evidence that the sample was large enough to reduce sampling errors. Extrapolation inferences 

require empirical evidence to show a relationship between performances in different context. 

Decision rule inferences require evidence that the assessment tool achieves the goal of 

assessment without unacceptable negative consequences. More ambitious claims require more 

supportive evidence. The most effective way to challenge the IUA is to identify potential threats 
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to its claims. In other words, to try and identify possible alternative arguments that better explain 

the evidence.  

The assumptions underpinning the IUA for the SPR can be used as an example to 

illustrate Kane’s argument-based approach to validity. The SPR is a formative assessment tool 

designed to document the quality of directly observed resident performance and provide 

feedback to support learning. In order to be effective for both these purposes the SPR must be 

able to distinguish between variations in the quality of intraoperative performances of different 

residents. However, before examining this, assumptions about the tool itself need to be analyzed. 

Specifically it is important to look at the individual attributes of the tool in order to determine 

how well they represent the competencies necessary for success in the OR. Assumptions about 

the SPR tool include: 

a) All attributes important in successful intraoperative performance are represented. 

b) Behavioural anchors for each level of performance adequately describe each attribute 

being assessed for each level of performance. 

c) Language used to describe each behavioural anchor is clear and understandable to faculty 

and residents. 

These assumptions represent scoring inferences in Kane’s validity framework. Evidence to 

support these types of assumptions include expert judgement and consensus (Kane, 2013). A 

reasonable amount of evidence to support these assumptions has already been accumulated for 

the SPR during the development process of the SPR described in detail in Chapter 1. Therefore, 

it is reasonable to start looking at evidence to support the SPR’s ability to distinguish between 

the intraoperative performances of different residents by studying it in the clinical setting.  
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The next set of assumptions in the IUA for the SPR relates to how the SPR is being used 

in the clinical setting. Assumptions include: 

d)  The rubrics are being used as intended. Specifically: 

i. Faculty directly observe resident performance during an operation. 

ii. The SPR is completed in a timely fashion at the end of a procedure. 

iii. The SPR is used to assess resident performance in a single operative encounter 

(defined as an operation on a single patient from the time they enter the operating 

room to the time they exit.).  

iv. Faculty raters are using the SPR behavioural anchors to make scoring decisions. 

v. The SPR is resulting in feedback on resident performance. 

If evidence accumulated while studying the SPR reveals that the tool is being completed without 

faculty directly observing a resident’s performance, or if completion of the SPR is delayed 

(making scoring decision based on recall rather than direct observation), validity of the SPR 

could be undermined. Furthermore, the SPR was created for use on a single procedure so 

progress of resident performance could be monitored over time. If multiple procedures were 

informing SPR completion, the specificity of the SPR as an assessment tool would be reduced, 

potentially weakening its validity argument. This current study will contribute to the evidence 

supporting or challenging these assumptions. 

If the assumptions related to intended use are supported, the SPR data can be analyzed to 

determine if they are able to distinguish between the variations in quality of intraoperative 

performances of different residents. It is reasonable to assume that residents later in their training 

will generally outperform residents early in their training, and that residents’ performances will 

improve over time and with repeated practice. Therefore, if the SPR is able to distinguish 
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between variations in the quality of intraoperative performance of different residents the 

following assumptions would be true: 

e) The SPR distinguishes between the intraoperative performances of different levels of 

learners. 

f) The SPR captures changes in patterns of performance over time for an individual 

resident.  

g) The differences in SPR scores above are consistent with expected results. 

These assumptions are related to the generalizability inference in Kane’s validity framework and 

are the primary focus of this study. 

Kane’s framework for developing a validity argument is deceptively simple. The 

challenge is in identifying all relevant assumptions and inferences that make up the IUA and 

identifying potential threats to their claims. However, Kane provides little guidance about how 

the process should be actualized. Stobart (2009) developed a practical framework for 

establishing a validity argument based on Kane’s theory. He defined five interrelated concepts 

critical for validity: purpose, construct validity and fitness-for-purpose, reliability, result 

interpretation, and impact/consequences.  

Stobart defined purpose as the reason for conducting an assessment. A single assessment 

may have multiple purposes, as is seen for the SPR. The purpose of the assessment must be 

clearly defined because it guides the interpretation of the results of the assessment tool, and thus 

sets the stage for the validity argument. Validity of an assessment tool is threatened if the 

purpose is unclear, or there are competing or unachievable purposes.  

Construct validity and fitness-for-purpose refers to what the assessment tool is assessing 

and how well it is doing that. A construct is the attribute being measured by the assessment tool 
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(Vogt, 2007). Construct validity and fitness-for-purpose are threatened by the use of unclear or 

disputed constructs, underrepresentation of a construct or the influence of other factors that are 

not being addressed (e.g. construct irrelevance) (Stobart, 2009). Reliability is a measure of the 

confidence we have in the results of the assessment. It is threatened by inconsistency in scoring, 

unfairness or bias in administration or scoring of the tool, and inappropriate use or modification 

to the tool. Result interpretation refers to how dependable the results are in relationship to the 

purpose for which the results are used. Potential threats include a lack of reproducibility or 

consistency among participants, and simplistic or inaccurate interpretation of aggregated results. 

Finally impact and consequences speak to how effective the tool is at achieving its purpose while 

minimizing unintended consequences. Threats include a lack of confidence in the results, 

inappropriate decision making based on the results, or negative impacts on teaching and learning.  

Stobart’s framework translates Kane’s intentions in a way that helps 

researchers/practitioners proceed with the actual task of establishing validity. Stobart’s 

framework can be used to (a) guide the conceptualization of the interpretation-use argument, (b) 

identify potential threats to validity, and most significantly, (c) provide a practical framework for 

building the validity argument. Table 3 illustrates the relationship between Kane and Stobart’s 

framework for validity and how they are being applied to create a validity argument for the SPR. 

It also outlines where this study lies within this framework.  
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Chapter Summary 

This chapter reviews the literature on WBA with a focus on tools designed to assess 

resident performance in the OR. The majority of these tools assess trainees using either 

checklists or rating-scales. Limitations of these types of assessment to support feedback for 

trainees were highlighted. An argument was made for the use of rubrics as a potential solution. 

Finally Kane’s validity framework was presented as the theoretic framework guiding this study.  



 

Table 3 

Relationship between Kane and Stobart's frameworks for validity in educational assessment and its application to the validity argument for the SPR 

Kane Stobart Validity Argument for SPR 

Validity 

Dimension Concept Focus of Inquiry Threats IUA Assumptions Source of Evidence 

 Purpose 

Why is the 

assessment being 

conducted? 

Lack of clarity 

Competing purposes 

Unachievable 

purpose 

The purpose of the SPR: 

1) To document the quality of directly 

observed resident performance on a 

single operative encounter  

2) To provide feedback to support learning 

Rubric development 

Expert reviews 

Pilot study 

Scoring 

Construct 

validity 

&  

fitness-for-

purpose 

Is the assessment 

tool measuring what 

it intends to 

measure? 

 

How well is it doing? 

Unclear constructs 

 

Disputed constructs 

 

Construct 

underrepresentation 

 

Construct irrelevance 

a) All attributes important in successful 

intraoperative performance are represented 

in the SPR 

b) Behavioural anchors for each level of 

performance adequately describe each 

attribute being assessed for each level of 

performance 

c) Language used to describe each 

behavioural anchor is clear and 

understandable to faculty and residents 

Rubric development 

Expert reviews 

Pilot study 

 

 

Reliability 
How defensible are 

the results? 

Inappropriate 

use/modification of 

the tool 

 

Unfair/bias/ 

inconsistent scoring 

 

Unfair/bias/ 

inconsistent 

administration 

 

 

 

 

 

d) The rubrics are being used as intended 

i. Faculty directly observe resident 

performance during an operation 

ii. SPR is completed in a timely fashion at 

the end of a procedure 

iii. SPR is used to assess resident 

performance in a single operative 

encounter  

iv. Faculty raters are using the SPR 

behavioural anchors to make scoring 

decisions 

v. SPR is resulting in feedback on resident 

performance 

 

Current study – 

document analysis of 

SPR to identify evidence 

supporting intended use 

of SPR. 

 

Future study –interviews 

with residents and 

faculty to support 

evidence of intended use 

from document analysis 

   

 

 

 

 

 

 

 

 

 

Generalizability 
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Generalizability 

con’t 

Results inconsistent 

with expected 

outcomes/standards 

e) The SPR distinguish between the 

intraoperative performances of different 

levels of learners 

f) The SPR captures changes in patters of 

performance overtime for an individual 

resident. (future study)  

g) Differences in SPR scores above are 

consistent with expected results  

Current study – 

quantitative analysis of 

SPR data to determine if 

the SPR distinguishes 

between the 

intraoperative 

performances of 

different levels of 

learners  

 

Future study – 

qualitative analysis of 

SPR data to determine if 

it captures changes in 

patterns of performance 

over time 

Result 

interpretation 

How dependable are 

the results in 

relationship to the 

purpose for which 

they are used? 

Lack of 

reproducibility 

Simplistic/inaccurate 

interpretation of 

results 

h) Variations in patterns of performance are 

meaningful to residents and faculty 

i) Performance on the SPR predicts future 

intraoperative performance 

Future study –interviews 

of residents and faculty 

Extrapolation 

Impact/ 

Consequence 

How effective is the 

tool at achieving its 

purpose while 

minimizing 

unintended 

consequences? 

Lack of confidence 

in results 

Inappropriate 

decision making 

based on results 

Negative impact on 

teaching and learning 

j) SPR improves amount of feedback 

provided to residents  

k) SPR improve quality of feedback to 

residents 

l) The SPR does not have a negative impact 

on faculty-resident interactions 

m) The SPR provides evidence to assist 

faculty in making decisions related to 

clinical competency 

Future study –interviews 

with residents and 

faculty 
Decision Rules 

Note: shaded portion of the table represents the validity dimensions being assessed in this study.   
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Chapter 3: Methods 

Introduction 

The overarching goal of research on the Surgical Procedure Feedback Rubric (SPR) is to 

establish the strongest possible validity argument for its use as a direct observation assessment 

tool to document surgical residents’ intraoperative performance. Doing so will reveal the value 

of the SPR for monitoring residents’ progress over time, and providing consistent, timely, and 

quality feedback to residents to support their learning. To achieve this goal, the immediate focus 

of SPR research is to examine the plausibility of the inferences generated through the use of the 

SPR. The purpose of this study was to examine the inference that the SPR can distinguish 

between the intraoperative performances of different levels of learners. This chapter will 

describe the research design, participants, ethical clearance, the Surgical Procedure Feedback 

Rubric, data collection, and data analysis methods used to answer the following enabling 

research questions: 

1. Is the SPR being used as intended? 

2. What is the factor structure of the SPR? 

3. How are SPR scores influenced by postgraduate training year (PGY), role in 

surgery, training program and procedural complexity? 

Together, the focus on these questions will contribute to answering the primary research 

question: To what extent and in what way does the SPR distinguish between the intraoperative 

performances of different levels of learners?  
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Study Design and Participants 

A fourteen-month observational study was conducted involving all consenting residents 

and faculty in the Division of General Surgery (24 residents), Division of Orthopaedic Surgery 

(20 residents), and Department of Obstetrics and Gynecology (18 residents) at Queen’s 

University (total: 62 residents). This population consisted of three of the five surgical 

subspecialties within postgraduate training programs at Queen’s University. The Department of 

Urology (5 residents) was excluded from the study because the size of this residency program 

precluded the confidentiality of their residents. The Department of Ophthalmology (14 residents) 

was excluded because the surgeries and skills required varied significantly from the other 

specialties. The study population consisted of 77% of the surgical residents training at Queen’s 

University during the study period (62 out of 81 residents).  

This study is unique because it uses an observational rather than an experimental research 

design. Experimental designs examine the effects of an intervention on subjects through random 

assignment of subjects to different intervention groups (McMillan & Schumacher, 2010). 

Observational studies examine the effects of an intervention on a study population when 

randomization is not feasible or is unethical (Rosenbaum, 2010). It involves repeated 

observations of participants within their natural setting.  

An observational study was chosen rather than an experimental design for this study for 

two reasons. The primary reason was the current lack of a gold standard assessment tool for the 

direct observation of intraoperative performance of surgical residents to which the SPR could be 

compared. The second reason for choosing an observational design was to maximize ecological 

validity. Ecological validity is the extent to which research findings can be generalized to 

everyday life events (Wegener & Blankenship, 2007). The context in which an assessment tool is 
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used is an important component of its validity (Carraccio & Englander, 2013; Kane, 2013; 

Sadler, 1998; van der Vleuten & Schuwirth, 2005). The SPR is a workplaced-based assessment 

tool (WBA). In verifying its validity, we wanted to ensure that the setting in which it was being 

studied was as as authentic as possible.  

Prior to the start of the study both residents and faculty underwent a 30-minute 

orientation session. The purpose of the orientation session was twofold: a) to introduce the rubric 

and its intended use, and b) to introduce the study. Following the orientation, residents and 

faculty had the opportunity to ask clarifying questions. Questions varied depending on the 

program. General Surgery had minimal questions, but had previous experience with the tool. 

Orthopaedics and Obstetrics and Gynecology questions related primarily to the process 

surrounding the assessment (where the tools were, how to initiate an assessment, what to do with 

them after they were done), although there were also questions related to why we were not using 

a tool that had already been developed. Training was purposefully limited because the reality of 

teaching and learning in the workplace setting is that there is not a lot of time available for 

extensive rater training. Over the course of the study, the SPR functioned as the only surgical 

procedure assessment tool used by the surgical faculty for the direct observation of residents 

during operative encounters.  

Ethical Clearance 

Ethical clearance was granted by the Queen’s University Health Sciences and Affiliated 

Teaching Hospitals Research Ethics Board on June 4th, 2013 (Appendix B) and renewed on May 

23rd, 2014 (Appendix C). Informed and written participant consent was obtained after the 

information and training sessions. Residents and faculty were free to decline participation or 

withdraw their consent at any time during the study by contacting one of the investigators or 
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administrators in the Department of Surgery or Department of Obstetrics and Gynecology. 

Participation or refusal to participate in the research project did not have any bearing on 

assessments or final evaluation of residents or faculty. All residents and faculty in the Division of 

General Surgery, Division of Orthopaedic Surgery and Department of Obstetrics and 

Gynecology used the SPR for assessment of intraoperative performance regardless of their 

involvement in the study. The letter of information and consent forms for residents and faculty 

are provided in Appendices D and E respectively.  

Description of the Surgical Procedure Feedback Rubric  

The SPR consists of three sections (see Appendix A): (a) the demographic section (b) the 

rubric and (c) the comments section. The demographic section includes the name of the faculty 

assessor, the procedure performed, the date of observation, the date of SPR completion, the 

resident’s name, postgraduate training year (PGY), program, and the resident’s role in surgery. 

The rubric consists of the 14 essential attributes (see Ch. 1 p. 4-11 for a description of how these 

were determined) organized within seven foci of assessment (domains): Pre-operative (Pre-op) 

Probe, Surgical Reasoning, Surgical Technique, Post-operative (Post-op) Plan, Communicator, 

Collaborator, and Scholar/Teacher. These domains represent CanMEDS competencies that are 

felt to be readily observable during an operative encounter. The four domains of Pre-op Probe, 

Surgical Reasoning, Surgical Technique and Post-op Plan are embedded within the competency 

of Medical Expert. The domains of Communicator, Collaborator and Scholar/Teacher are 

themselves domains within the CanMEDS framework. Each attribute consists of the behavioural 

anchors describing the three levels of performance for that attribute. The levels of performance 

are: needs attention, developing and achieving. Achieving has been defined as performing at the 
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level of an independent community surgeon. The comments section allows faculty to provide 

written narrative feedback on a resident’s intraoperative performance.  

Data Collection 

The SPR was designed to be used for assessing a surgical resident’s intraoperative 

performance during a single directly observed operative encounter, which was defined as a single 

operation from the time the patient enters the operating room to the time they leave. The decision 

to initiate an assessment with the SPR was at the discretion of the surgical resident or faculty at 

the time of an operation. Both the Department of Surgery and the Department of Obstetrics and 

Gynecology required residents to complete two direct observation assessments per week as part 

of their residency training requirements. In addition, the Department of Surgery instituted 

accountability measures to ensure faculty completed SPRs regularly.  

Instructions asked that the SPRs be completed at the end of the procedure. Residents and 

faculty were advised during the information and training session, that this should be done 

together as a debrief, and occur immediately after the procedure in order to encourage direct, 

timely, one-on-one feedback to residents on their intraoperative performance. Faculty members 

were encouraged to provide both written and verbal feedback in addition to completing the rubric 

portion of the tool. Upon completion of the SPR both the resident and faculty assessor initialed 

the SPR to indicate that a feedback discussion had taken place.  

Copies of the SPR were placed in the OR lounges at Kingston General Hospital (KGH) 

and Hotel Dieu Hospital (HDH), individual operative suites at KGH, and the birthing suite at 

KGH where they were easily accessible to faculty and residents. The SPR was constructed out of 

triplicate paper. Upon completion of the SPR one copy was retained by the resident for their own 

records, and the other two copies were submitted by either the faculty or resident to the 
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appropriate program; one for the student file and one for research purposes. Locked drop boxes 

for completed SPRs were placed in the KGH and HDH OR lounges and the birthing suite at 

KGH. Alternatively, SPRs could be dropped off to the departmental administrative assistants 

directly by either the resident or faculty. Drop boxes were emptied twice per week by the 

departmental administrative assistants. Administrative assistants forwarded research copies of 

the SPR to the PGME office for analysis.   

Data Analyses 

Identifying information was removed from the SPR and replaced with a numerical code 

by a member of the research team not affiliated with the Department of Surgery or Department 

of Obstetrics and Gynecology in order to protect the privacy and confidentiality of the 

participants. Data from the SPR were entered and analyzed using IBM SPSS Statistics 22 

statistical software. The unit of analysis was a single completed SPR. Statistical analyses were 

conducted using a pre-set significance value of α < 0.05 (Norusis, 2008; Vogt, 2007).  

Data entry was checked for errors against coded rubrics prior to data analyses. Missing or 

incorrect demographic data relating to a resident’s affiliated program or PGY was filled in or 

corrected based on known demographic data about the participants. If possible, missing 

information about a resident’s role in surgery or the procedure performed was filled in from 

information provided in the comment section, otherwise it was identified as missing data and 

excluded from the data analyses where appropriate. If multiple roles were assigned to a single 

resident, the role in which the resident had the most amount of operative responsibility was used. 

If multiple procedures were listed, the simplest procedure was chosen for coding of procedural 

complexity. SPRs completed for unintended uses were excluded from the analysis. Missing data 

from the rubric itself were left as is. SPRs with fewer than 50% of rubric attributes filled out 
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were excluded from analyses. For attributes where multiple behavioural anchors were selected 

the responses were averaged. Analysis requiring combined attribute scores used averaged 

attribute scores in order to minimize the effects of missing data. Ninety percent of SPR submitted 

were eligible for analysis (638 SPR out of 706 submitted). 

Table 4 summarizes the research questions and data analysis strategies for this study. 

Detailed descriptions of data analysis are depicted in the subsections below.  

Table 4  

Summary of research question, enabling questions and proposed data analysis strategies 

Research 

Question 

To what extent and in what way 

does the SPR distinguish between 

the intraoperative performances of 

different levels of learners? Data collected* Method of analysis 

Enabling 

question 1 

Is the SPR being used as 

intended? 

1a) is the SPR completed on the 

same day as the procedure? 

 

 

Date of procedure 

Date of SPR 

completion 

 

Document analysis examining: 

a) Proportion of SPR 

completed on the same day 

as the procedure 

1b) is the SPR used for a single 

procedure? 

Listed procedures  

per SPR 
b) Proportion of SPR used for 

a single procedure vs 

multiple procedures 

1c) is the full range of the SPR 

being used for scoring? 

Attribute Scores c) Mean, SD and range of 

SPR attribute scores  

1d) is the SPR improving 

timeliness of feedback to 

residents? 

Comments d) Presence and absence of 

written comments 

Enabling 

question 2 

What is the factor structure of the 

SPR? 
Attribute scores 

Exploratory Factor Analysis 

Inter-item reliability 

(Cronbach’s alpha) 

Enabling 

question 3 

How are SPR score influenced by 

 post-graduate training year 

(PGY),  

 training program (Program),  

 role in surgery (Role), and  

 complexity of procedure 

performed? 

Resident’s PGY, 

training program and 

role in surgery for 

each SPR 
 

Procedure performed 

for each SPR 

 

Factor scores  

3-way (PGY x Program x 

Role) ANOVA for all 

participants 

 

 

3-way (PGY x Role x 

procedural complexity) 

ANOVA for General Surgery 

residents 

Note. *all data were collected from returned Surgical Procedure Feedback Rubrics 
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Enabling Question 1: Is the SPR Being Used As Intended? 

As described in Chapter 2 in the section entitled Theoretical Framework, the 

development of a validity argument for an assessment tool starts with a list of assumptions about 

the tools and its uses, potential threats to these assumptions are then identified, and finally the 

assumptions are tested empirically (Kane, 1992, 2013; Stobart, 2009). Inferences related to 

scoring, construct validity, and fitness-for-purpose of the SPR were addressed in part during the 

development stage of the SPR. Therefore, the first major threat to validity resided in whether or 

not the tool was being used as intended.  

The first major assumption related to intended use of the SPR was that SPR scoring was 

based on direct observation of a resident’s performance at the time of an operation. Hospital 

policy requires faculty (the assessor) to be present for every operation performed by a resident. 

Therefore, the assumption that faculty were observing residents was true a priori. What 

remained in question was whether or not SPRs were being completed immediately at the end of 

the procedure. This question could be answered in a number of ways including direct observation 

of post-operative debriefs or interviews with faculty and residents. Observations were unfeasible 

because of the significant variability in when and where an SPR would be completed. Interviews 

were not conducted as part of this study. Therefore, indirect evidence from the SPR itself was 

sought to answer this question.  

The SPR collected information on the date of procedure and the date of SPR completion. 

If the SPR was completed as intended, these dates should be identical. The date of SPR 

completion was subtracted from the date of the procedure. The proportion of SPRs completed 

with and without delay was calculated to provide a marker for how often the SPR was used as 

intended with regards to direct observation of a resident’s performance. 
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The next assumption about the intended use was to determine if the SPR was being used 

to document performance on a single operative procedure. This assumption was tested by 

tallying the number of procedures listed in the demographic section for each rubric and 

determining the proportion of SPRs where a single procedure was used for the assessment. 

 The third assumption about intended use was that faculty raters were using the SPR’s 

behavioural anchors to make scoring decisions. The medical education literature on rater-based 

assessments have shown that raters are a significant source of measurement error for numerous 

direct observation assessment tools in a variety of different clinical settings (Gingerich et al., 

2011; Pangaro & ten Cate, 2013). While a number of reasons for this finding exist, two 

important phenomena have been described related to scoring. The first, known as leniency bias 

or generosity error, occurs when raters avoid scoring trainees in the lower performance rankings 

of assessment tools (Pangaro & ten Cate, 2013). The second, called restricted range, occurs when 

raters simply tick off all the items in a column without reading the items (Gingerich et al., 2011). 

This assumption will be tested by looking at the mean, standards deviation (SD) and range of 

scores for each attribute to ensure that the full range of the SPR is being used.  

The last assumption tested was whether the use of the SPR improved the timeliness and 

quality of feedback to surgical residents. When combined with data on time-to-completion of the 

SPR, timeliness of feedback can be tested to some degree by exmaining the presence or absence 

of written feedback in the comments section of the SPR. While the presence or absence of 

written comments is not necessarily reflective of the occurence of verbal feedback discussions, it 

is nonetheless a defensible surrogate in the absence of feedback from residents and faculty or 

direct observation of feedback discussions. The quality of written comments will be analyzed as 

part of a separate study.  
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Enabling Question 2: What is the Factor Structure of the SPR? 

The factor structure of the SPR was examined using exploratory factor analysis.  

Principal axis factoring with a Promax rotation was used to identify patterns of correlation 

among the individual SPR attributes (Vogt, 2007). Promax rotation is an oblique rotation method 

(Fabrigar, MacCallum, Wegener, & Strahan, 1999). Oblique rotation methods are used when 

factors are believed to be correlated. The SPR was developed based on CanMEDs competencies, 

which are inter-related by definition. As a result, any factors making up the SPR should be 

correlated.  

Initial eigenvalues and the scree plot were used to identify the number of factors to test 

within the set of attributes. Attributes with factor loadings greater than 0.3 were examined to 

determine to which factor each attribute loaded (Fabrigar et al., 1999; Vogt, 2007). The simplest 

factor structure to explain the SPR was chosen as the final factor structure (Fabrigar et al., 1999). 

A simple factor structure is defined as the structure that is most easily interpretable, meaningful 

and replicable. The subsequent factor structure was subject to reliability testing using Cronbach’s 

alpha. A predetermined value of alpha = 0.7 was set to indicate satisfactory internal consistency 

reliability for each factor (Vogt, 2007).  

Enabling Question 3: How is a Resident’s SPR Score Influenced by the Resident’s PGY, 

Training Program, Role in Surgery and Complexity of Procedure performed?  

In order to answer the question does the SPR distinguish between the intraoperative 

performances of different levels of learners, the amount of variability of SPR scores attributed to 

PGY needed to be determined. Other variables that could influence these results included the 

residents program, their role in surgery (primary surgeon or assist) and the procedure performed. 

The influence of PGY, training program, and role in surgery on SPR scoring was treated 
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together. Procedures performed were strongly related to the training program of the resident and 

were therefore treated separately. Factor scores were used as the dependent variable for analysis 

and were calculated by averaging attribute scores for each factor. 

Effect of PGY, training program and role in surgery on SPR scores. 

Although the SPR specified both primary and secondary assist roles, only 14 SPRs were 

completed for residents in the second assist role. These were for complex procedures in which 

residents often had sections of the operation where they were more involved, making it difficult 

to distinguish primary assist role from that of secondary assist (e.g. carotid endarterectomy or 

coronary artery bypass graft in which the resident would harvest the vein graft in addition to 

assisting with the procedure). Therefore the decision was made to combine the role of assist for 

the purposes of the analysis. 

Using each factor score as a dependent variable a 3-way (PGY x Program x Role) 

ANOVA was performed. Post-hoc analyses were conducted using the Bonferroni procedure for 

statistically significant main effects. Statistically significant interaction effects were graphed to 

guide interpretation (Glass & Hopkins, 1995). 

Effect of procedure on SPR scores. 

Procedure plays an essential role in intraoperative assessments because it defines the 

focus of assessment. As a result its influence on SPR scoring is an important variable to examine.  

Over the course of the study, residents were assessed in over 200 different types of procedures. 

The types of procedures were highly related to the residents’ training program; therefore, 

analysis of the effects of procedures on SPR scores were examined separately for each training 

program. Due to the large number and variability of procedures performed, a process of 

procedures classification needed to be undertaken to facilitate the analyses. When teaching 
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procedural skills in surgery, the natural progression is to start with simple skills and procedures 

and move to more complex procedures as skills develop. Consequently, the method of 

classification used for analysis was procedural complexity. Unfortunately, there is no good 

operational definition of procedural complexity in the literature. Surrogate markers that have 

been used for procedural complexity include: (a) procedural codes and relative value units used 

for monetary compensation of physicians (Van Esbroeck, Rubinfeld, & Syed, 2012); (b) 

procedure specific factors such as blood loss and duration of surgery (Studnicki, Craver, 

Blanchette, Fisher, & Shahbazi, 2014); (c) patient specific factors such as age, comorbidities, and 

the American Society of Anesthesiology (ASA) physical status classification (Dexter, Macario, 

Penning, & Chung, 2002; Studnicki et al., 2014); and (d) participant reported measures of 

complexity using rating scales (Beard et al., 2011; Glarner et al., 2013; Gofton, Dudek, Wood, 

Balaa, & Hamstra, 2012).  

The General Surgery literature identifies a procedure classification system developed by 

the Surgical Council on Resident Education (SCORE). Classifications are based on the volume 

of encountered cases during residency and the level of competency required at the end of training 

(SCORE, 2013). This classification was intended to support a surgical training curriculum in the 

USA. Three categories defined by SCORE were: essential – common, essential – uncommon, 

and complex. No classification system was identified for orthopedic training.  

The SCORE classification was used to classify procedures assessed in this study for the 

General Surgery training program. The majority of procedures were classified into the essential-

common category. The lack of variability in procedure classification made the SCORE 

classification a poor method of procedure discrimination for the purposes of analysis.  
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In order to try and address the issue of procedural complexity in this study, we adopted a 

classification system developed locally at the School of Medicine at Queen’s University that 

classifies cases in three categories based on complexity: simple, complex frequently seen, and 

complex but infrequently seen (Davidson & Pinchin, 2014). The SCORE curriculum procedure 

classification was used as a basis to start the classification. Simple procedures were defined as 

procedures that could reasonably be done by a ≤ PGY2 under supervision. Complex frequently 

encountered procedures were defined as procedures that all general surgery residents should be 

competent to perform by the end of training. Complex but infrequently encountered procedures 

included two subcategories. The first was procedures that were within the scope of community 

surgery practice but were encountered at low frequency. At the end of training residents would 

be expected to be knowledgeable about these procedures but may not have demonstrated 

competency. Competency would be assumed based on experience and competence in other 

related procedures. The second subcategory included procedures that were outside the scope of 

community surgery practice.  

Initial classification was done by me. Expert consensus interviews were then undertaken 

using a constant comparative interview and analysis technique with five general surgery faculty 

at Queen’s University and three community general surgeons (Patton, 2002). Purposeful 

sampling of faculty members was used to ensure representation from each of the four clinical 

teaching units and each General Surgery subspecialty. Once interviews were completed, a final 

classification was compiled and sent to the faculty experts to ensure agreement. Disagreements 

were resolved through discussion. The final classification was presented at General Surgery 

rounds to elicit feedback from the remaining residents and faculty.  
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The intention was to perform a 3-way (PGY x role x procedural complexity) ANOVA 

using factor scores as the dependent variable in order to examine the effect of procedural 

complexity on SPR scoring. Unfortunately, the sample size within each partition was insufficient 

to run the analysis. The effect of procedural complexity on SPR scoring could not be analyzed in 

this study. Further research is needed to understand the effect of procedure complexity on SPR 

scoring.  

Chapter Summary 

This chapter reviewed the research design, participants, data collection, and data analysis 

strategies used in this study. It also provided a description of the SPR itself. The next chapter 

will present the results of the study.  

  



 

 

 

59 

Chapter 4: Results and Implications 

Introduction 

This chapter presents the findings of the study that address the primary research question: 

To what extent and in what way does the Surgical Procedure Feedback Rubric (SPR) distinguish 

between the intraoperative performances of different levels of learners? This section begins with 

a presentation of the data on participant involvement and rubric completion over the course of 

the 14-month study. The remaining results will be organized around the three enabling questions:  

1. Is the SPR being used as intended? 

2. What is the factor structure of the SPR? 

3. How are SPR scores influenced by postgraduate training year (PGY), role in 

surgery, training program and procedural complexity. 

Participants 

Residents 

Sixty-one residents within the General Surgery, Orthopaedics and Obstetrics and 

Gynecology postgraduate training programs at Queen’s University consented to participate in 

this study: 24 General Surgery, 20 Orthopedic, and 17 Obstetrics and Gynecology residents 

(Figure 2). One resident did not consent to participate in the study because she/he was 

completing training within a month of the study start date. Between November 2013 and January 

2015, 48 residents had at least one SPR completed (78% participation): 21 General Surgery, 20 

Orthopaedic, and 7 Obstetrics and Gynecology residents. This represents a resident participation 

rate of 87.6% for General Surgery, 100% for Orthopaedics and 41% for Obstetrics and 

Gynecology. All PGYs were represented for General Surgery and Orthopaedics. PGY 2-4 were 
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represented for Obstetrics and Gynecology. The number of SPRs completed per resident ranged 

from 1 to 38 with significant variability between programs. Descriptive statistics for residents’ 

SPR use by training program are provided in Table 5. 

Implication. 

The variability in residents’ participation between the three programs suggests there were 

differences in how programs were implementing and engaging with the SPR. Strong 

participation from Orthopaedics and General Surgery suggest that the SPRs were easily 

accessible and available to residents in the operating room. Missing assessments from three 

General Surgery residents are likely due to a personal decision not to participate rather than a 

system issue. In contrast low participation from Obstetrics and Gynecology requires further 

investigation. 

Relative to General Surgery and Orthopaedic residents, Obstetrics and Gynecology 

residents spend less time in the operating room and more time in the birthing suite. Considerable 

consultation was done with both faculty and residents in Obstetrics and Gynecology regarding 

where to place the SPR in this setting. There was overwhelming consensus that they should be 

placed in the doctors’ lounge where residents and faculty routinely debrief after a case. This 

suggests that participants were aware of where the SPRs were located and that the SPRs were in 

an easily accessible location. SPR return rates were monitored over the course of the study. Low 

return rates in Obstetrics and Gynecology prompted periodic e-mail and in-person reminders at 

weekly educational seminars to ensure that participants were aware of the SPRs, where they 

were located, and the protocol for their use. Participants were engaged in discussion on how to 

improve completion and suggested measures were put in place. Unfortunately, this did not 

translate into improved completion rates for the SPR. This suggests that there were either 
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extenuating factors that prevented SPR completion or poor engagement from the Department. 

Potential factors preventing the use of the SPR includes the lack of opportunity for residents to 

participate in operative procedures, time constraints, and competing patient care responsibilities. 

Possible explanations related to poor engagement include the lack of previous experience with 

workplace based assessments (WBA), program culture, minimal involvement of the Department 

in SPR development, or the top-down decision to implement this tool (in Orthopaedics the 

decision to use the SPR was resident driven, whereas for Obstetrics and Gynecology it was the 

Department Head’s initiative). It is also possible that the focus of assessment of the SPR was 

inconsistent with the needs of the specialty. 

 

 
Figure 2. Resident participation. Black boxes represent number of residents recruited in each 

training program. White boxes represent number of residents who actively participated in the 

study. 
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Table 5  

Resident use of SPR by training program 

Program Mean SD Range 

General Surgery 12 8.7 3-38 

Orthopaedics 20 12.7 4-38 

Obstetrics and Gynecology 3 2.0 1-6 

All programs 14 11.5 1-38 

Note. SD = standard deviation 

Faculty 

Fifty-five faculty teaching in the Department of Surgery and Department of Obstetrics 

and Gynecology at Queen’s University consented to participate in this study: 10 General 

Surgery, 11 Orthopedic, 16 Obstetrics and Gynecology, and 18 subspecialty surgery faculty 

(Figure 3). Only one faculty member refused to participate. This member did not provide a 

reason for refusal. Between November 2013 and January 2015, forty-eight faculty had completed 

at least one SPR for a resident (87% participation): 10 General Surgery, 11 Orthopaedic, 9 

Obstetrics and Gynecology and 18 subspecialty surgery faculty. This represents a faculty 

participation rate of 100% for General Surgery, Orthopaedics, and subspecialty surgery, and 56% 

participation for Obstetrics and Gynecology. The number of SPRs completed per faculty ranged 

from 1 to 94 with significant variability between programs. Descriptive statistics for faculty SPR 

use by training program are provided in Table 6. 
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Figure 3. Faculty participation. Black boxes represent number of faculty recruited by discipline. 

White boxes represent number of residents who actively participated in the study. 

 

Table 6  

Faculty use of SPR by discipline 

Program Mean SD Range 

General Surgery 19 18.1 1-62 

Orthopaedics 31 24.3 6-94 

Obstetrics and Gynecology 2 1.5 1-6 

Subspecialty surgery 5 5.8 1-24 

All disciplines 14 18.7 1-94 

Note. SD = standard deviation 

 

Implications. 

The trend in faculty participation is similar to that of residents, with low participation 

from faculty in Obstetrics and Gynecology. This is likely a symptom of either a lack of 

opportunity for residents to perform surgical procedures or poor engagement from the 

Department. In addition to the reasons provided in the section on resident participation, poor 
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faculty engagement in Obstetrics and Gynecology may be due to the fact that accountability 

measures have not been put in place for this department to support WBA completion. 

The lower average number and range of SPR completed by subspecialty surgeons 

compared to Orthopaedic and General Surgery faculty is reflective of the fact that they are less 

involved in resident teaching than their counterparts. These specialties do not have their own 

training program. Only PGY 1 and 2 surgery residents rotate through their services. Orthopaedic 

faculty appeared to have been the most active in resident assessment, despite having fewer 

residents in the program. 

Rubrics 

Seven hundred and six SPRs were completed between November 2013 and January 2015 

(Figure 4). Twenty-six SPRs were from residents not involved in the study, 8 were blank, and 8 

were submitted for unintended uses. These SPRs were removed from the analysis leaving 664 

SPRs available for subsequent analysis. Also removed from the data were five SPRs returned 

with comments only and 21 SPRs with fewer than 50% of the rubric completed. Of the 

remaining SPRs, 244 were for General Surgery residents, 376 were for Orthopaedic residents 

and 18 were for Obstetrics and Gynecology residents. Due to the poor participation from the 

Obstetrics and Gynecology training program, they were excluded from the analysis leaving 620 

SPRs for final analysis (87.8% of completed SPRs). All PGY levels were represented. Senior 

residents (PGY 3-5) contributed more SPRs (70.6%) than junior residents (PGY 1 and 2) (Table 

7). All training levels functioned as either the primary surgeon or assist (see Table 11-13). Junior 

residents (PGY 1 and 2) were more often in the role of assist (64% of cases versus 36% of cases 

as primary surgeon), while senior residents (PGY 3-5) were more often in the role of primary 
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surgeon (90% of cases versus 10% of cases as an assist). Data for individual residents are 

provided in Appendix F. 

Table 7  

Number of SPRs completed by PGY 

PGY n 

1 95 

2 87 

3 158 

4 165 

5 114 

 

Implications. 

The overall return rate of SPRs was good, supporting the inferences that the SPRs were 

easy to use, feasible to compete within the context, and well received by the majority of 

participants. SPRs for unintended uses included completion of SPR for call shifts (2), endoscopic 

procedures (2), complex vaginal delivery (1), casting (1), professionalism (1) and one SPR 

without enough data to determine what it was used to assess. This suggests that additional 

assessment tools may be needed to assess residents in these other clinical contexts. Rubrics could 

be developed for endoscopy and on-call. Multi-source feedback (MSF) rubrics could be added to 

the assessment system to examine intrinsic competencies in different settings. 

The 26 SPRs with either comments only or inadequate completion of the rubric came 

almost exclusively from Orthopaedics. A number of potential reasons could explain this. Perhaps 

the attributes were unclear or they found the SPR difficult to use. In addition, the SPR attributes 

or focus of assessment for the SPR may not have aligned with the needs of the program. This 

would be understandable, since the SPR was originally developed for General Surgery and may 

have limited transferability to Orthopaedics. 
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Figure 4. Flow chart of SPR used for data analysis 
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Is the SPR being used as intended? 

Four assumptions relating to intended use of the SPR were being tested for this study:  

a) The SPR is being completed on the same day as the procedure, 

b) The SPR is being used to assess a single procedure, 

c) Faculty assessors are using the full range of the SPR for scoring, and 

d) The SPR is improving the timeliness and frequency of feedback to residents.  

The results for each assumption tested are provided in the subsections below.  

Is the SPR Being Completed on the Same Day as the Procedure? 

In order to determine if the SPR was being completed on the same day as the procedure, 

the SPR completion date was subtracted from the procedure completion date and the proportion 

of the SPR completed on the same day of procedure, within one day of the procedure and more 

than one day after the procedure were calculated. Of the 620 SPRs being analyzed 136 were 

missing either procedure date, SPR completion date or both, leaving 403 SPRs for analysis. Of 

those, 83.3% of SPRs were completed on the same day as the procedure, 7.4% were completed 

the next day and 7.2 % were completed more than one day after the procedure. All SPRs were 

completed within 16 days of the procedure.  

Implications. 

The majority of SPRs were completed on the same day of the procedure, supporting the 

inference that completion of the SPR was informed primarily by direct observation, that it was 

being used as intended, and that the SPR was easy to use. When examining SPRs with delayed 

completion more closely, there appeared to be an association with assessments done during 

weekends and holidays. In addition, delay in SPR completion greater than 48 hours after the 

procedure were more common for specific faculty members. This suggests that targeted faculty 
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development could improve SPR completion times. The effect of delayed completion on the 

quality of assessments, feedback opportunities for residents, and resident perceptions of the 

assessment and feedback received will need to be further explored with resident interviews in 

order to understand the consequences of this finding for the validity argument of the SPR.  

One other study looked at time to completion for an intraoperative WBA called the 

Operative Performance Rating System (OPRS) (Kim, Williams, Boehler, Ketchum, & 

Dunnington, 2009). Their median time to completion was 11 days with a range from 18 hours to 

363 days. Half of the assessments were completed between 4.5 days and 22 days. Our median 

time to completion was within 24 hours of the procedure with all SPRs being completed within 

16 days of the procedure. This suggests that completion of the SPR was based more consistently 

on direct observation and provided more immediate feedback to the residents. 

Is the SPR Being Used for a Single Procedure? 

In order to determine if the SPR was being used for a single or multiple procedures, the 

percentage of SPRs with one procedure, multiple similar procedures, and multiple unrelated 

procedures listed was calculated. Seventeen SPRs did not have a procedure listed and were 

excluded from analysis, leaving 602 SPRs for analysis. SPRs were completed for a single 

procedure in 89.2% of completed SPRs. Multiple procedures were listed for 10.7% of 

procedures: 5.1% for similar procedures and 5.6% for unrelated procedures.  

Implications. 

The majority of SPRs were competed for single procedures, suggesting compliance with 

the intended use of the SPR.   
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Is the Full Range of the SPR Rubric Being Used for Scoring? 

Descriptive statistics for each of the 14 attributes making up the SPR rubric are shown in 

Table 8. Faculty assessors were using the full range of behavioural anchors describing each 

attribute for all but two attributes being assessed (knowledge of patient and respect for others). 

Answers to these two attributes were limited to the developing and achieving levels of 

performance. The standard deviations show a reasonable variability in scoring for these two 

attributes despite of the restricted range used. 

Table 8  

Descriptive statistics for SPR attributes 

SPR attribute n nmissing Mean SD Range 

Knowledge of patient 547 73 2.56 0.50 2-3 

Procedural knowledge 569 51 2.52 0.52 1-3 

Incision 570 50 2.34 0.50 1-3 

Operative plan 581 39 2.33 0.52 1-3 

Patient checklist 599 21 2.47 0.52 1-3 

Tissue planes 584 36 2.44 0.54 1-3 

Tissue handling 591 29 2.61 0.51 1-3 

Bleeding 545 75 2.61 0.50 1-3 

Need for direction 558 62 2.30 0.54 1-3 

Post-op plan 538 82 2.85 0.37 1-3 

Communication 596 24 2.82 0.41 1-3 

Responsiveness to feedback 576 44 2.63 0.49 1-3 

Respect for others 586 34 2.70 0.46 2-3 

Scholar/Teaching 265 355 2.63 0.49 1-3 

Note. SD = standard deviation. 
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Implications. 

These findings support the inference that the full range of the SPR was being used. This 

suggests that rubric attributes were being used by faculty to make scoring decisions. As would be 

expected for residents still in training, mean attribute scores were within the developing level of 

performance (score of 2). There appears to be negative skewing towards the achieving level of 

performance (score of 3). Given the larger contribution of SPRs from senior residents (see Table 

7), this was not unexpected. Nevertheless it does raise concerns that faculty may have been 

reluctant to score residents at lower performance levels (leniency bias), that behavioural anchors 

at lower levels of performance do not provide adequate descriptions of performance at this level, 

or that faculty were assessing residents at different levels of performance with varying standards. 

Further insights will be provided through the ANOVA results. Given that the faculty did use the 

‘needs attention’ level of performance (score of 1), there is evidence for their willingness to use 

lower performance scores when appropriate.  

The large amount of data missing for the ‘Scholar/Teaching’ attribute was likely because 

junior learners were not consistently present in the OR. Alternatively, faculty many not have 

considered this to be an important component of intraoperative performance and therefore may 

have chosen not to assess it. This finding also raises a question about whether this attribute 

should be included in the SPR. Teaching and mentoring of junior trainees by senior trainees is an 

important component of surgical education, providing an argument for keeping this attribute in 

the SPR. Examining the contribution of this item to the factor structure of the SPR and exploring 

this further with participant interviews can help guide the final decision. 
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Is the SPR Improving the Timeliness of Feedback to residents? 

The presence or absence of written feedback was used as a marker for feedback to 

residents.  Comment quality will be analyzed in a separate study. Five hundred and thirty three of 

the 620 SPRs analyzed included written comments. This represents 86% of SPRs included in the 

analyses.  

Implications. 

The majority of SPRs analyzed had written comments provided. This provides some 

evidence to support the inferences that the SPRs were being used to provide feedback to 

residents, and that the SPR was being used as intended. Combined with the data showing that the 

majority of SPRs were being completed on the same day as the procedure suggests that the SPR 

was providing timely of feedback to residents. This evidence can, however, be strengthened. 

Presence or absence of written comments is not necessarily indicative of the occurrence of verbal 

feedback. Nor does it tell us the quality of feedback that is being generated by this tool or the use 

of the feedback by residents to inform learning.  

If we assume, conservatively, that every case where no written feedback was provided 

indicates the absence of a feedback discussion, no feedback occurred in 14% of case in this 

study. This is consistent with studies on the PBA done in the UK, which found that feedback was 

not provided in 15.8% of assessments (Marriott et al., 2011).  

What is the Factor Structure of the SPR? 

Exploratory factor analysis (EFA) was performed to examine the factor structure of the 

SPR rubric. Prior to performing EFA, the suitability of the rubric attributes for factor analysis 

was tested by measuring sampling adequacy and testing the correlation matrix for factorability 

(Carr, Celenza, & Lake, 2013). The Kaiser-Meyer-Olkin measure of sampling adequacy 
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exceeded the recommended value of >0.6 at 0.878. Bartlett’s Test of Sphericity was significant 

(χ2 = 1661.29, p < 0.001) indicating factorability of the correlation matrix.  

Principal axis factoring (PAF) with a Promax rotation was used to identify patterns of 

correlation among the 14 individual rubric attributes. Examination of initial eigenvalues showed 

that the first three attributes all had eigenvalues >1. Examination of the scree plot (Figure 5) also 

suggested a 3-factor solution, but 1-, 2- and 4-factor solutions were also possible. While all of 

the variables did fit on a single factor (explaining 44% of the variance), the scree plot and 

eigenvalues suggested that there were secondary factors underlying this single factor. A multiple 

factor solution is also stronger conceptually, as intraoperative performance results from the 

interplay between multiple variables. These include a resident's cognitive abilities, technical 

skills and non-technical skills. The ability of the SPR to capture this multidimensionality of 

intraoperative performance was the primary interest. Therefore, further factor analysis was run 

on the set of items to find a factor solution that would perhaps include these distinct, 

albeit correlated, aspects of performance. As noted above, the scree plot suggested the presence 

of two to four factors (Appendix G). 

Because of the large amount of missing data (Table 8), factor analysis was run with both 

list-wise and pair-wise deletion for missing variables. No significant differences were observed 

in the factor solutions for each method. The decision was made to use list-wise deletion for 

missing data because it provides a more robust solution (Norusis, 2008) (Appendix G).  

When reviewing the data, there were concerns that the Scholar/Teacher and Post-op plan 

attributes might not be appropriate to include in the factor analysis. There was a significant 

amount of missing data for the Scholar/Teaching (Missing n = 355). Post-op plan had low factor 

loadings and did not load when factor analysis was run using pair-wise deletion for missing data. 
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Factor analysis was re-run with these two items excluded (Appendix G). The factor solutions 

were not significantly different from the factor analysis with all 14 items: therefore, both items 

were left in for the final factor analysis. 

 

Figure 5. Scree plot for factor analysis of SPR rubric attributes 

A 3-factor solution was preferred because it had the greatest number of primary loadings, 

the least number of cross-loadings and provided the best fit for the data (Table 9). Three 

attributes cross loaded: Tissue Planes, Communication and Scholar/Teacher. These attributes 

were ascribed to the factor to which they loaded the strongest. Factor 1 consisted of five 

attributes all representing attributes that measure the level of preparation for the OR. Hence 

Factor 1 was labelled “Operating Room (OR) Preparation.” It represented 45.7% of variance. Six 

attributes made up Factor 2 representing 7.2% of variance. Five of these attributes represented 

technical skills while the last attribute represented communication. The loading of 

communication with technical skills made sense in this context because communication in the 
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operative environment is observed in how the resident communicates what they are doing during 

the procedure. Factor 2 was labelled “Technical skills.”  Factor 3 was made up of three 

attributes, all of which represented intrinsic CanMEDS competencies. It was labelled “Intrinsic 

Competencies,” and represented 5.8% of the variance. Factor correlation matrix showed 

moderate correlation between the three factors, supporting the use of an oblique rotation solution 

(Table 10). All three factors had good internal consistency with Cronbach Alpha’s for OR 

Preparation, Technical Skills and Intrinsic Competencies of 0.90, 0.84 and 0.82 respectively. 

Factor scores were calculated by averaging the scores for attributes in each factor. 

 

Table 9  

Pattern matrix for the 14 SPR attributes (N = 203) 

SPR attribute 

Factor 

1 2 3 

Knowledge of patient 0.77   

Procedure knowledge 0.84   

Incision 0.76   

Operative plan 0.68   

Patient checklist 0.64   

Tissue planes 0.31 0.66  

Tissue handling  0.93  

Bleeding  0.61  

Need for direction  0.65  

Post-op plan  0.36  

Communication  0.54 0.37 

Responsiveness to feedback   0.71 

Respect for others   0.92 

Scholar/Teaching 0.38  0.40 

Note. Bolded items indicate attributes included for each factor 
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Table 10  

Factor Correlation Matrix 

Factor 1 2 3 

1 1.00   

2 0.67 1.00  

3 0.54 0.47 1.00 

 

Implications. 

The factor analysis results provide evidence supporting the internal structure of the SPR. 

The factors identified were consistent with the assessment goals at the outset of SPR 

development (see Chapter 1). Briefly, the SPR was developed by taking an operative encounter 

and breaking it down into stages (pre-operative stage, operative stage and post-operative stage), 

and then identifying observable competencies required for each stage and across all stages. The 

preoperative stage included everything from a resident’s preparation for the case to preparation 

of the patient. The seven foci of assessment that were identified represented the CanMEDS 

Medical Expert competency (Pre-op Probe, Surgical Reasoning, Surgical Technique, Post-op 

Plan) and the Intrinsic Competencies (Communicator, Collaborator, and Scholar/Teacher). In 

surgery, the Medical Expert competency can be further subdivided into cognitive competencies 

(Pre-op Probe, Surgical Reasoning) and technical competencies. This is consistent with the 

observed factor structure for the SPR where OR Preparation represents cognitive Medical Expert 

competencies, Technical Skills represent technical Medical Expert competencies and Intrinsic 

Competencies are associated with the CanMEDS Intrinsic Roles. 

Close to half of the variance was attributed to OR Preparation. This is congruent with 

expectations based on my experience as a surgical resident for the last five years. While an 
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important component of intraoperative performance, technical skill is only a small part of what 

makes a good surgeon. Far more important is a surgeon’s understanding of the procedure and its 

potential complications, knowledge of the patient, command of anatomy, and the ability to 

connect this knowledge together in real time while operating, all of which is represented by the 

OR Preparation factor. Compared to the Technical Skills attributes, OR Preparation attributes 

encompasses a wider range of the knowledge, skills and attitudes required in surgery. In 

addition, there is a greater variability in how individuals approach and demonstrate these 

attributes, even at the level of attending surgeons. Only one other study was identified that 

examined the factor structure of an intraoperative assessment tool (Chou, Bowen, & Handa, 

2008). Chou and colleague (2008) had similar results when developing a procedure-based 

assessment tool for Obstetrics and Gynecology, where items for technical skill grouped together 

in one factor and items related to knowledge of the patient, procedure, anatomy, patient 

positioning, and preparation of equipment grouped together in a second factor. Unfortunately, 

the percentage variance associated with each factor was not reported and therefore cannot be 

compared to results in this study.  

How are SPR Scores Influenced by PGY, Training Program, Role in Surgery and 

Procedural Complexity? 

In order to determine if the SPR distinguished between the intraoperative performances 

different levels of learners the effects of PGY, training program, role in surgery, and procedural 

complexity were examined using analysis of variance (ANOVA). ANOVA is used to determine 

if differences in two or more means are greater than would be expected from sampling error 

alone (Glass & Hopkins, 1995). The advantage of ANOVA is that it can be used to examine the 

effects of multiple independent variables simultaneously. When multiple independent variables 
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are tested, the effects of each independent variable and the interactions between them can be 

tested. In addition, if the effect of an independent variable or interaction is found to be 

statistically significant, multiple comparisons, and trend analysis can be used to identify where 

these differences occur (Glass & Hopkins, 1995).  

The effects of procedural complexity were examined separately from program because 

the types of procedures performed by learners and their inherent complexity were strongly 

dependent on the program of training. The effects of PGY, Program, and Role on SPR scores are 

examined in the next section. The effect of procedural complexity is discussed for the General 

Surgery training program in the subsequent section.  

Effect of PGY, Training Program and Role in Surgery 

The effects of the independent variables of PGY, program and role in surgery on SPR 

scoring was examined using 3-way (PGY x Program x Role) ANOVA. Factor scores for each 

factor identified during factor analysis (OR Preparation, Technical Skills, and Intrinsic 

Competencies) were used as dependent variables. Factor scores were calculated by averaging the 

scores from attributes in each factor. Table 11 – 13 shows the mean and standard deviations by 

PGY, Program, and Role in surgery for OR Preparation, Technical Skills and Intrinsic 

Competencies scores respectively. 
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Table 11  

OR Preparation scores by PGY, Program and Role 

B
o
th

 p
ro

g
ra

m
s 

1 68 2.11 (0.28)  26 2.11 (0.25)  94 2.11 (0.27) 

2 46 2.38 (0.46)  39 2.19 (0.29)  85 2.30 (0.40) 

3 23 2.03 (0.16)  130 2.41 (0.41)  153 2.35 (0.43) 

4 10 2.10 (0.17)  153 2.55 (0.43)  163 2.52 (0.44) 

5 11 2.53 (0.36)  102 2.78 (0.34)  113 2.75 (0.35) 

Total 158 2.21 (0.37)  450 2.50 (0.43)  608 2.43 (0.44) 

Note. SD = standard deviation. NA = not applicable 

  

 

PGY 

Role  

Total  Assist  Primary Surgeon  

 n Mean (SD)  n Mean (SD)  N Mean (SD) 

G
en

er
al

 S
u
rg

er
y

 

1 42 2.15 (0.33)  19 2.17 (0.28)  61 2.16 (0.31) 

2 24 2.36 (0.41)  17 2.42 (0.31)  41 2.38 (0.37) 

3 11 2.07 (0.23)  65 2.44 (0.41)  76 2.38 (0.41) 

4 1 2.00 (NA)  43 2.62 (0.44)  44 2.61 (0.44) 

5 0 NA  20 2.97 (0.10)  20 2.97 (0.10) 

Total 78 2.20 (0.36)  164 2.52 (0.43)  242 2.42 (0.43) 

O
rt

h
o
p
ae

d
ic

s 

1 26 2.04 (0.16)  7 1.97 (0.80)  33 2.03 (0.15) 

2 22 2.41 (0.52)  22 2.03 (0.09)  44 2.22 (0.42) 

3 12 2.00 (0.00)  65 2.38 (0.42)  77 2.32 (0.41) 

4 9 2.11 (0.18)  110 2.52 (0.43)  119 2.49 (0.43) 

5 11 2.53 (0.36)  82 2.73 (036)  93 2.71 (0.36) 

 Total 80 2.21 (0.38)  286 2.50 (0.44)  366 2.43 (0.44) 
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Table 12  

Technical Skills scores by PGY, Program and Role 

 

PGY 

Role  

Total  Assist  Primary Surgeon  

 n Mean (SD)  n Mean (SD)  N Mean (SD) 

G
en

er
al

 S
u
rg

er
y

 

1 42 2.39 (0.34)  19 2.47 (0.37)  61 2.42 (0.35) 

2 24 2.70 (0.29)  17 2.63 (0.23)  41 2.67 (0.26) 

3 11 2.17 (0.55)  65 2.62 (0.30)  76 2.55 (0.37) 

4 1 2.67 (NA)  43 2.69 (0.34)  44 2.68 (0.34) 

5 0 NA  20 2.92 (0.15)  20 2.92 (0.15) 

Total 78 2.46 (0.40)  164 2.66 (0.32)  242 2.59 (0.36) 

O
rt

h
o
p
ae

d
ic

s 

1 26 2.49 (0.28)  7 2.42 (0.48)  33 2.48 (0.35) 

2 22 2.61 (0.44)  22 2.16 (0.29)  44 2.39 (0.43) 

3 12 2.62 (0.36)  65 2.45 (0.37)  77 2.47 (0.37) 

4 9 2.64 (0.36)  110 2.67 (0.35)  119 2.67 (0.35) 

5 11 2.73 (0.33)  82 2.75 (0.36)  93 2.75 (0.36) 

 Total 80 2.59 (0.35)  286 2.60 (0.39)  366 2.60 (0.39) 

B
o
th

 p
ro

g
ra

m
s 

1 68 2.37 (0.32)  26 2.46 (0.39)  94 2.44 (0.34) 

2 46 2.65 (0.37)  39 2.37 (0.35)  85 2.52 (0.38) 

3 23 2.41 (0.50)  130 2.53 (0.35)  153 2.51 (0.37) 

4 10 2.64 (0.34)  153 2.67 (0.35)  163 2.67 (0.34) 

5 11 2.72 (0.33)  102 2.79 (0.34)  113 2.78 (0.33) 

Total 158 2.53 (0.38)  450 2.61 (0.37)  608 2.59 (0.37) 

Note. SD = standard deviation, NA = not applicable 
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Table 13  

Intrinsic Competencies scores by PGY, Program and Role 

 

PGY 

Role  

Total  Assist  Primary Surgeon  

 n Mean (SD)  n Mean (SD)  n Mean (SD) 

G
en

er
al

 S
u
rg

er
y

 

1 42 2.51 (0.43)  19 2.50 (0.43)  61 2.50 (0.42) 

2 24 2.69 (0.41)  17 2.63 (0.44)  41 2.66 (0.42) 

3 11 2.41 (0.44)  65 2.73 (0.35)  76 2.68 (0.38) 

4 1 2.00 (NA)  43 2.60 (0.43)  44 2.59 (0.44) 

5 0 NA  20 2.98 (0.07)  20 2.98 (0.07) 

Total 78 2.54 (0.43)  164 2.69 (0.39)  242 2.64 (0.41) 

O
rt

h
o
p
ae

d
ic

s 

1 26 2.58 (0.44)  7 2.57 (0.45)  33 2.58 (0.43) 

2 21 2.73 (0.43)  20 2.28 (0.44)  41 2.51 (0.49) 

3 12 2.67 (0.49)  60 2.53 (0.46)  72 2.56 (0.47) 

4 9 2.63 (0.48)  100 2.72 (0.42)  109 2.70 (0.43) 

5 11 2.58 (0.50)  75 2.84 (0.35)  86 2.80 (0.38) 

 Total 80 2.64 (0.45)  262 2.67 (0.44)  341 2.66 (0.44) 

B
o
th

 p
ro

g
ra

m
s 

1 68 2.54 (0.43)  26 2.51 (0.43)  94 2.53 (0.42) 

2 45 2.71 (0.41)  37 2.44 (0.47)  82 2.59 (0.46) 

3 23 2.54 (0.48)  125 2.63 (0.42)  148 2.62 (0.43) 

4 10 2.67 (0.43)  143 2.68 (0.43)  153 2.67 (0.43) 

5 11 2.58 (0.50)  95 2.87 (0.31)  106 2.84 (0.35) 

Total 157 2.59 (0.44)  426 2.68 (0.42)  583 2.65 (0.43) 

Note. SD = standard deviation. NA = not applicable 

Levene’s test of equal of error variances indicated that assumptions of homogeneous 

variances across groups were violated for all three factors (FOR Prep (18, 589) = 13.98, p < 0.01; 

FTechnical Skills(18, 589) = 3.45, p < 0.01; FIntrinsic Competencies(18, 564) = 5.88, p < 0.01). Ideally, given that 

equal variances cannot be assumed post-hoc analysis would have been done with Tamhane, 

Dunnett or Games-Howell procedures (Norusis, 2008). Unfortunately, this feature is not 

available when a multiple factor ANOVA is being run on SPSS. As a result, post-hoc analyses 
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were run using the Bonferroni procedure. The Bonferroni procedure was chosen because it is a 

conservative procedure for multiple comparisons (Glass & Hopkins, 1995). 

Factor 1: OR Preparation. 

Results of 3-way (PGY x Program x Role) ANOVA using OR Preparation scores as a 

dependent variable revealed that OR Preparation scores were influenced by PGY (F(4,589) = 

17.88, p < 0.01) and role in surgery (F(1,589) = 10.31, p < 0.01) and that these main effects 

interacted (F(4,589) = 17.88, p < 0.01) (Table 14). Examination of the graphed interaction (Figure 

6) reveals that senior resident scores (PGY 3-5) were higher in the primary surgeon role than in 

the assist role. The trend was reversed for PGY 2 residents who tend to score higher when they 

are in the role of assist. PGY 1 resident scores stay the same regardless of their role. When 

looking at the main effect of Role, scores for residents in the primary surgeon role were higher 

than in the assist level. Post-hoc analysis for PGY showed that PGY 5 residents outperformed 

PGY 1-4 residents (p < 0.01), PGY 4 residents outperformed PGY 1-3 residents (p <0.01), PGY 

3 residents outperformed PGY 1 residents (p < 0.01) and PGY 2 residents outperformed PGY 1 

residents (p = 0.01) 

Table 14  

3-way (PGY x Program x Role) ANOVA using OR Preparation score as the dependent variable 

Independent Variable SS df 

Mean 

squares F p 

PGY 9.82 4 2.45 17.88 <0.01 

Program 0.44 1 0.44 3.20 0.07 

Role in Surgery 1.42 1 1.42 10.31 <0.01 

PGY x Program 0.25 4 0.06 0.45 0.77 

PGY X Role 3.90 4 0.98 7.11 <0.01 

Program X Role 0.32 1 0.32 2.30 0.13 

PGY X Program X Role 0.62 3 0.21 1.50 0.22 

Error 80.82 589 0.16   

Note. Bolded items are statistically significant. SS = sum of square, dF = degrees of freedom 
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Figure 6. Interaction between PGY and Role for OR Preparation scores 

Implications. 

These results indicate that OR Preparation attributes appear to be transferable across 

programs. The effect of role in surgery on OR Preparation scores can be explained by the 

interaction between PGY and Role. This interaction was anticipated given that role in surgery is 

strongly influenced by PGY. This was observed by the lower number of SPRs completed for 

PGY 1 and 2 residents as primary surgeon compared to assists, with a reversal of this trend for 

more senior residents. This trend is consistent with expected learning in surgery. Learners start 

intraoperative training as a surgical assist. As they gain experience, knowledge, and technical 

skills they progress to primary surgeon for simple cases, and eventually more complex cases. 

Unchanging scores for PGY 1 residents at the assist and primary surgeon level are reflective of 

their inexperience in the operating room. PGY 2 residents have more experience in the OR. As a 

result they have increasing competence as a surgical assist; however, they have limited 

experience as a primary surgeon, which explains the drop in scores when they transition to the 
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primary surgeon role. On the other hand, senior residents (PGY 3-5) function predominantly in 

the primary surgeon role. The reasons a senior resident would be functioning in the assist role 

includes the presence of a more senior resident in the OR, cases with greater degree of difficulty 

that are outside the abilities for their training year, weak performance in the operating room 

resulting in the faculty taking over the case, or when a more senior resident is teaching a more 

junior resident how to perform a procedure. In all these cases, one would expect scores to be 

lower, which explains this trend. The scores of senior residents in the assist level need to be 

interpreted with caution due to the lower numbers of assessments on which to base the results. 

The loss of expected patterns of scores by PGY at the assist level suggests that the SPR may not 

be as useful for assessing resident performance in this role. 

The examination of the effect of PGY on scores show that OR Preparation scores are able 

to distinguish between all PGY levels except PGY 2 and 3. PGY 3 is a transition year. Residents 

have more opportunities in the OR, are being assessed on greater portions of a procedure, and are 

getting opportunities to operate on more complex procedures than in previous years. It is a time 

of significant growth and development as a surgeon. In contrast, PGY 2 residents will have 

gained competence as an assist, with some opportunity to function as a primary surgeon for 

simple cases only. It is therefore not unexpected that PGY 3 resident scores and PGY 2 resident 

scores were similar. Overall, findings for the 3-way (PGY x Role x Program) ANOVA for OR 

Preparation scores provides evidence that supports the ability of the SPR to distinguish between 

intraoperative performance of different levels of learners by PGY.  
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Factor 2: Technical Skills.  

The results of the 3-way (PGY x Program x Role) ANOVA using Technical Skill scores 

as a dependent variable revealed one main effect and three 2-way interactions (Table 15). 

Statistically significant interactions include PGY x Program (F(4,589) = 3.87, p < 0.01), PGY x 

Role (F(4,589) = 4.08, p < 0.01), and Role x Program (F(4,589) = 5.92, p = 0.02). Examination of the 

graphed interaction for PGY x Program reveal that the scores for PGY 5, 3 and 2 residents 

tended to be higher in General Surgery than in Orthopaedics (Figure 7). The score for PGY 4 

residents were similar in both programs. The scores for PGY 1 residents were higher in 

Orthopaedics than in General Surgery. In addition, General Surgery attendings tended to score 

residents higher in the primary surgeon role and lower in the assist role compared to Orthopaedic 

attendings (Figure 8). The interaction between PGY and Role for Technical Skills scores was 

similar to that for OR Preparation (Figure 9). Senior resident scores (PGY3-5) were higher in the 

primary surgeon role than in the assist role. The trend was reversed for PGY 2 residents who 

tended to score higher when they were in the role of assist. PGY 1 resident scores were not 

affected by role. PGY 1 resident scores were higher for the Technical Skills factor than would be 

expected based on level of training. PGY was the only main group effect for technical skill 

scores (F(4,589) = 6.22, p < 0.01). Post-hoc analysis showed that PGY 5 and 4 residents 

outperform PGY 3 – 1 residents (p < 0.01). No statistically significant differences were found 

between PGY 4 and 5 residents or between PGY 3, 2 or 1 residents.  
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Table 15  

3-way (PGY x Program x Role) ANOVA using Technical Skill score as the dependent variable 

 

Note. Bolded items are statistically significant. SS = sum of square, dF = degrees of freedom 

 

 
Figure 7. Interaction between PGY and Program for Technical Skill scores  
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Independent Variable SS df 

Mean 

squares F p 

PGY 2.92 4 0.73 6.22 <0.00 

Program 0.05 1 0.05 0.44 0.51 

Role in Surgery 0.00 1 0.00 0.00 1.00 

PGY x Program 1.82 4 0.46 3.87 <0.00 

PGY X Role 1.92 4 0.48 4.08 <0.00 

Program X Role 0.70 1 0.70 5.92 0.02 

PGY X Program X Role 0.61 3 0.20 1.72 0.16 

Error 69.19 589 0.12   
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Figure 8. Interaction between Role and Program for Technical Skill scores 

 

 
Figure 9. Interaction between PGY and Role for Technical Skills scores 
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Implications. 

Programs appear to be using the Technical Skills attributes differently. This is not 

surprising given that the SPR was developed for General Surgery. Transferability of Technical 

Skills attributes may be limited for Orthopaedics. The PGY x Role interaction effect for the 

Technical Skills score was similar to that of the OR Preparation score. The only difference in 

trends was that PGY 1 residents were being scored higher than would be expected for their year 

of training. This suggests that faculty are scoring PGY 1 residents with a different standard than 

other residents. Technical Skills scores were less able to differentiate between residents by PGY 

compared to OR Preparation scores. That being said, the Technical Skills scores were able to 

distinguish the performance between senior residents and more junior residents. This suggests 

that competence in Technical Skills takes longer to attain. When combined with OR Preparation 

scores, these findings provide evidence that the SPR can distinguish between intraoperative 

performance of residents by PGY, with OR Preparation scores improving earlier in training and 

Technical Skill scores improving as a resident is reaching competence for a procedure. This 

supports the use of the SPR as a tool to monitor performance over time for individual residents.  

Factor 3: Intrinsic Competencies. 

The results of the 3-way (PGY x Program x Role) ANOVA using Intrinsic Competencies 

scores as a dependent variable showed two statistically significant interactions and no main 

effects (Table 16). Interaction between PGY and Role (F(4,564)= 4.47, p <0.01) were similar to the 

trends found for the other two factors (Figure 10). Senior resident scores were higher in the 

primary surgeon role than in the assist role, while PGY 2 resident scores were higher in the assist 

role.  PGY 1 resident scores did not vary by role in surgery. Similar to Technical Skills, the PGY 

1 resident scores were higher than would be expected based on level of training. The interaction 
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between Role and Program (F(4,564) = 6.186, p = 0.01) indicates that General Surgery Intrinsic 

Competencies scores were higher than Orthopaedic scores for the primary surgeon role but lower 

for the assist role (Figure 11) 

 

Table 16  

3-way (PGY x Program x Role) ANOVA using Intrinsic Competencies score as the dependent 

variable 

 

Note. Bolded items are statistically significant. SS = sum of square, dF = degrees of freedom 

 
Figure 10. Interaction between PGY and Role for Intrinsic Competencies score 
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Independent Variable SS df 

Mean 

squares F P 

PGY 1.30 4 0.33 1.93 0.10 

Program 0.17 1 0.17 1.03 0.31 

Role in Surgery 0.36 1 0.36 2.13 0.15 

PGY x Program 1.11 4 0.28 1.64 0.16 

PGY X Role 3.02 4 0.76 4.47 <0.00 

Program X Role 1.04 1 1.04 6.19 0.01 

PGY X Program X Role 0.53 3 0.18 1.04 0.37 

Error 95.21 564 0.17   
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Figure 11. Interaction between Role and Program for Intrinsic Competencies score 
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direction to other, seek feedback from the team, or have an opportunity to teach others. Higher 

scores for PGY 2 residents may be explained by the fact that PGY 2 residents are more 

comfortable in the OR and in their role as a member of the operative team, making them more 

likely to interact with others. Faculty members may also be scoring them with a different 

standard relative to more senior residents. The influence of intrinsic competencies on SPR scores 

will need to be studied further to better understand these findings.  

Effect of procedural complexity on SPR score 

Two hundred and thirteen different procedures were assessed over the 14-month study 

period (Appendix H). Fifty-eight procedures were classified as General Surgery procedures, 117 

were Orthopaedic procedures and 38 procedures were subspecialty surgery procedures. Table 17 

lists the 10 most common procedures assessed during the study.  

 

Table 17  

Ten most common procedures assessed by SPR 

Procedure N 

Total knee arthroplasty (TKA) 40 

Laparoscopic cholecystectomy 33 

Total hip arthroplasty (THA) 32 

Inguinal hernia repair 27 

Arthroscopy shoulder 25 

Lumbar Laminectomy +/- discectomy  

+/- fusion/instrumentation 
21 

Open reduction internal fixation (ORIF) 

ankle 
19 

Laparoscopic appendectomy 18 

Dynamic hip screw (DHS) 16 

ORIF distal radius 16 
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The effect of procedural complexity on SPR scoring was examined for the General 

Surgery Program. Procedures were classified as simple, complex frequently seen, and complex 

but infrequently seen procedures using a constant comparative interviewing technique with local 

experts. Simple procedures were defined as procedures that could reasonably be done by a 

≤PGY2 under supervision and were independent of frequency. Complex, frequently encountered 

procedures were defined as procedures that all general surgery residents should be competent to 

perform by the end of training. Complex but infrequently encountered procedures include two 

subcategories. The first subcategory included procedures within the scope of community surgery 

practice but that were encountered at low frequently. At the end of training, a resident would be 

expected to be knowledgeable about these procedures but may not be able to demonstrate 

competence in the OR. Competency would be assumed based on experience and competence 

demonstrated in other procedures or through simulated experiences. The second subcategory 

included procedures that were outside of the scope of community surgery practice. The final 

classification is provided in Appendix I. 

Prior to running a 3-way (PGY x Role x Procedural Complexity) ANOVA a cross-

tabulation of PGY, Role, and Procedural Complexity was done to determine if there were enough 

data to run the ANOVA (Table 18). There was an insufficient amount of data to fill each of the 

partitions. A minimum of two measures are needed for each partition in order to maintain 

stability of the analysis (Glass & Hopkins, 1995). There appeared to be a trend of increasing 

procedural complexity by increasing year of training; however the Pearson correlation was only 

0.178, indicating a low correlation between PGY and procedural complexity. Further data would 

need to be collected in order to be able to run this analysis.  
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Implications. 

The effect of procedural complexity on SPR scores could not be assessed in this study.  

More data across procedures are required for such analysis. In the interim, it is recommended 

that a better operational definitions of procedural complexity be developed by surgical educators.  

This study has provided an initial attempt to classify procedures by complexity in General 

Surgery. This classification system will need to be validated before it can be applied. 

Classification systems for Orthopaedics are also needed. The RCPSC Competence-by-Design 

project may provide a solution in the near future as specialties begin the develop milestones for 

their training programs (Royal College of Physician and Surgeons of Canada, 2014). Another 

solution would be to add a procedural complexity measure directly into the demographic section 

of the SPR (Beard et al., 2011; Glarner et al., 2013; Gofton et al., 2012).  
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Table 18  

Frequency of procedures by PGY, Role and Procedural Complexity 

Role PGY 

Procedural complexity 

Total Simple 

Complex, 

frequently seen 

Complex but 

infrequently seen 

P
ri

m
ar

y
 S

u
rg

eo
n

 

1 13 3 3 19 

2 13 2 2 17 

3 36 22 7 65 

4 18 21 3 42 

5  4 11 5 20 

 Sub Total 84 59 20 163 

A
ss

is
t 

1 7 10 25 42 

2 2 2 20 24 

3 1 5 5 11 

4 0 1 0 1 

5 0 0 0 0 

 Sub Total 10 18 50 78 

T
o
ta

l 

1 20 13 28 61 

2 15 4 22 41 

3 37 27 12 76 

4 18 22 3 43 

5 4 11 5 20 

 Total 97 77 70 241 

 

Chapter Summary 

This chapter reviews the results of the study and their implications. Resident and faculty 

participation in the study was 78% and 87% respectively with low participation from Obstetrics 

and Gynecology. As a result SPRs completed for General Surgery and Orthopaedic training 

programs were used for the analyses. Six-hundred and twenty SPRs were suitable for 

quantitative analysis. Faculty and residents were using the SPR as intended as was indicated by 

Note. Bolded items indicate partitions containing insufficient data to run 

analysis.  
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the high percentage of SPRs completed within 24 hours of the procedure, completed for a single 

procedure, and containing written comments. In addition, the full range of the rubric was being 

used for scoring. Three factors were identified in the factor analysis: OR Preparation, Technical 

Skills and Intrinsic Competencies. Three-way (PGY x Program x Role) ANOVA using factor 

scores as dependent variables showed that: 

1. Programs were using SPRs differently. These differences were limited to the 

technical skills and intrinsic competencies factors.   

2. SPRs were being used differently for the primary surgeon and assist roles 

3. SPR scoring was influenced by postgraduate training year. OR Preparation factor 

provided the greatest variation in scores allowing differentiation between residents at 

all PGY levels except for PGY 3 and 2. Technical Skills scores differentiate between 

senior-most residents (PGY 4 and 5) from other residents. PGY did not have a main 

effect on Intrinsic Competency scores. However, when examining the interaction 

between PGY x Role, trends in performance at the primary surgeon level were as 

would be expected for level of training. Together these results support the inference 

that the SPR is able to distinguish between intraoperative performances for different 

levels of learners.  

There was insufficient data to examine the effect of procedure complexity on SPR scoring.  
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Chapter 5: Discussion, Recommendations and Conclusion 

The purpose of this study was to examine the plausibility of the inference that the 

Surgical Procedure Feedback Rubric (SPR) could distinguish between the intraoperative 

performances of different levels of learners. The results of this study support a larger program of 

research examining the validity of the SPR as a tool to assess intraoperative performances of 

surgical residents while providing feedback to support their learning. Chapter 4 described the 

results of the study and their implications. In this chapter the study findings will be discussed in 

terms of their contribution to the larger validity argument of the SPR using Kane’s (1992, 2013) 

validity framework as a guide. Stobart’s (2009) validity framework was used to assist with the 

interpretation and application of Kane’s framework. In addition, recommendations will be made 

to improve the SPR for future use. Further studies will be suggested to strengthen the validity 

argument for the SPR. 

Discussion 

Validity in educational assessment refers to the evaluation of the plausibility of the 

inferences generated with the use of a tool for a given context and time and is best represented by 

an argument-based approach (see Chapter 2 for detailed discussion) (Kane, 1992, 2013). Kane’s 

argument-based approach to validity involves the development of an interpretation-use argument 

(IUA) by listing all inferences generated with the use of an assessment tool. Evidence is then 

gathered to support or disprove each inference. The purpose of an assessment tool is intimately 

connected to the validity argument as it guides both the inferences made and the type and amount 

of evidence required to support them (Stobart, 2009).  
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The first step in establishing a validity argument for an assessment tool is to clearly 

define its purpose. The SPR had two distinct but related purposes: (a) to document the quality of 

directly observed resident intraoperative performance on a single operative encounter in order to 

monitor performance over time and (b) to provide consistent, timely, and high quality feedback 

to residents to support their learning. According to Stobart (2009), the validity argument 

supporting the use of an assessment tool can be threatened if the purpose of the tool is unclear, 

unachievable or if it has multiple competing purposes.  

The purposes of the SPR have been clearly outlined. They are consistent with the 

purposes outlined by other workplace-based assessment (WBA) tools in the literature, suggesting 

that they are appropriate and complementary (Beard, 2011; Hatala et al., 2015; Hawkins et al., 

2010; Jelovsek et al., 2013; Kogan et al., 2009; Van Hove et al., 2010). Furthermore, the SPR 

development process involved continual revisions of the tool by a working group based on expert 

reviews and the pilot study results (see Chapter 1). This provides evidence that the SPR purposes 

were clear, appropriate, achievable, and complementary in this context. 

Each purpose contributes different inferences to the IUA. Some of these inferences may 

be shared, as is the case for the SPR. The strength of the contribution of evidence supporting a 

shared inference can vary depending on which purpose is being examined. For example, both 

purposes of the SPR require the SPR to discriminate between variations in the quality of directly 

observed intraoperative performance. Intraoperative performance is expected to improve with 

increasing level of training. Therefore, if the SPR can discriminate between variations in quality 

of intraoperative performance, it should distinguish between intraoperative performances of 

different levels of learners. This study has shown the utility of the SPR in distinguishing between 

the intraoperative performances of residents by their postgraduate training year (PGY). This 
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finding, however, provides more strength to the validity argument supporting the use of the SPR 

as a tool for documenting and monitoring residents’ intraoperative performances than it does to 

supporting its use as a feedback tool. While the ability of the SPR to distinguish between 

intraoperative performances of different levels of learners is important for its use as a feedback 

tool, especially in establishing credibility for users, this distinction is not sufficient to fully 

support the argument that the SPR also serves as an effective feedback tool. The primary 

contribution of this study to the SPR validity argument is to provide evidence to support the use 

of the SPR as a tool to document and monitor residents’ intraoperative performances over time. 

The role of the SPR as a tool to promote feedback and learning will need to be examined in more 

detail in future studies.  

This study contributes three important findings that support the validity argument of the 

SPR; (a) evidence to support construct validity of the SPR, (b) evidence to support the ability of 

the SPR to discriminated between variations in quality of intraoperative performance, and (c) 

evidence to support the transferability of this tool. When applied to Kane’s validity framework 

these findings support the validity dimensions of scoring, generalizability, and extrapolation. 

Each of these findings and their relationship to Kane’s validity framework will be discussed in 

more detail below. 

Evidence Supporting Construct Validity of the SPR 

Construct validity is the ability of an assessment tool to measure what it is intended to 

measure (Stobart, 2009). Examination of the internal structure of the SPR using exploratory 

factor analysis showed that the SPR contains three correlated factors: OR Preparation, Technical 

Skills and Intrinsic Competencies. These factors were consistent with the assessment goals at the 

outset of SPR development, providing evidence to support the construct validity of the SPR. In 
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addition, 3-way ANOVAs examining the influence of PGY, training program, and resident role 

in surgery on SPR factor scores showed that these variables influenced scoring for each factor 

differently. This provides further evidence that three distinct factors were being measured by the 

SPR, further strengthening evidence for its construct validity. These results contribute to the 

validity argument of the SPR by providing evidence for scoring inferences. 

Scoring inferences refer to how well observed performance translate into observed scores 

(Kane, 2013). They require evidence to support the internal structure of the tool, the 

appropriateness of the scoring criteria (content evidence), rules for combining scores, and 

measures of how well assessor responses align with intended constructs (response process) 

(Cook, Zendejas, Hamstra, Hatala, & Brydges, 2013; Kane, 2013). Content evidence to support 

the scoring inference was provided in the description of SPR development described in Chapter 

1. Factor analysis results contributed to the scoring inference in three ways.  Its primary 

contribution is to provide evidence to support the internal structure of the SPR. In addition, it 

provides rules for meaningfully combining scores based on the factor structure of the tool. 

Finally, when combined with the results of the 3-way ANOVA, it highlights that SPR scoring is 

aligned with intended constructs.  

Evidence to support the ability of SPR to discriminate between variations in quality of 

intraoperative performance 

The discriminative ability of the SPR is a measure of how well observed scores estimate 

the larger domain of possible performances that could be assessed in the operating room. This 

definition is most consistent with the generalizability domain in Kane’s validity framework. 

Variations in the quality of intraoperative performances were assessed in this study by examining 

the effect of training year (PGY) on SPR factor scores. Three-way (PGY x Role x Program) 
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ANOVAs showed that PGY influenced scoring of all three factors. The discriminative ability by 

PGY varied depending on the factor being assessed with OR preparation having the greatest 

ability to discriminate and intrinsic competencies the least. Scoring patterns were consistent with 

expected outcomes for residents based on PGY. This trend was strongest for residents 

performing at the primary surgeon level. These results support the utility of the SPR to 

distinguish between the intraoperative performances of residents by PGY levels when assuming 

the role of primary surgeon. The use of the SPR at the assist role must be explored in more 

depth. Confirmation of the discriminative ability of the SPR in this study demonstrates the 

potential for the SPR to be used as a tool to monitoring resident performance over time. The 

ability of the SPR to monitor resident performance over time can be confirmed by examining 

learning curves generated with the SPR for each resident in order to determine if the SPR can 

capture changes in patterns of performance over time. In addition, evidence to support the 

discriminative ability of the SPR can be further strengthened by examining the ability of the SPR 

to distinguish between performance of residents at the same level of training but with different 

intraoperative abilities.  

Evidence to Support Transferability of the SPR in Various Contexts 

In this study, the SPR was the only assessment tool used for intraoperative assessment of 

surgical residents in the Department of Surgery. This was done in order to maximize the 

acceptability and feasibility of introducing a new assessment tool to the department. Inherent to 

this decision was the assumption that a single assessment tool would be effective in measuring 

intraoperative performance across multiple contexts, including different programs, procedures 

and varying resident roles in surgery. Inferences about a tool’s ability to assess performance 

across different contexts represents the extrapolation domain of Kane’s validity framework 
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(Kane, 2013). The reality, however, is that the results of this study suggest that a single solution 

for the intraoperative assessment of residents may not be possible.  

 Post-hoc analysis of ANOVA results, examining the effect of role in surgery on SPR 

scores indicate that the focus of assessment for the assist role in surgery may not be appropriate. 

While these findings need to be explored in more depth through faculty and resident interviews 

before a decision can be made, consideration should be made for a separate assessment tool for 

the assist role. For now, the use of the SPR can only be supported for residents functioning at the 

level of primary surgeon. This has implications for other studies examining the validity and 

reliability of procedure-based assessment tools, as most studies to date have not taken into 

account differences in residents’ roles (Ahmed et al., 2011; Jelovsek et al., 2013; Van Hove et 

al., 2010).  

Similarly, examination of the effect of training programs on SPR scores showed that 

there was incomplete transferability of SPR attributes between General Surgery and 

Orthopaedics. OR Preparation scores were not influenced by program, suggesting that the 

attributes measured in this construct represent competencies common to both training programs. 

However, Technical Skills and Intrinsic Competencies attributes were influenced by program. 

This finding, combined with the increased presence of missing data for these attributes in 

Orthopaedics, suggests that the Technical Skills and Intrinsic Competencies attributes did not 

align with the assessment needs of the Orthopaedic training program. Such a result was not 

completely unexpected given that the SPR was originally created for General Surgery and 

applied later to Orthopaedic Surgery, and the known differences in the types of procedures 

performed by each specialty. Revision of Technical Skills and Intrinsic Competencies attributes 

to create a new Orthopaedic-specific SPR could improve the validity and reliability of this tool in 



 

 

 

101 

this context. Interviews with Orthopaedic faculty and residents will be required to identify which 

attributes align with the needs of the program, what new attributes need to be included, and how 

currently described attributes can be amended to improve transferability of this tool to 

Orthopaedics. 

The finding that a single assessment tool is not able to adequately assess intraoperative 

performance in all contexts studied does not weaken the validity argument of the SPR. Instead it 

likely sharpens the context within which the current SPR works, and highlights the need to 

develop additional tools to better sample the varying contexts in which residents are expected to 

work. Previous research in WBA has also highlighted the importance of context on performance 

(Govaerts & van der Vleuten, 2013; van der Vleuten & Schuwirth, 2005).  

Strengths and Limitations 

Most previous studies examining the validity and reliability of workplace-based 

assessment tools in the medical education literature have focused on outdated concepts of 

validity. Consequently, evidence to recommend the use of these tools has been incomplete 

(Ahmed et al., 2011; Cook et al., 2013; Jelovsek et al., 2013; Wetzel, 2012). In addition, the 

majority of these studies have been based on small sample sizes. The sample size of this study 

was comparatively large with 620 assessments competed for 41 residents by 39 different faculty 

assessors. Furthermore, the study was strengthened by the application of Kane’s validity 

framework from the outset of study development. While this study looked at only one inference 

in the interpretation-use argument for the SPR, the application of Kane’s framework to guide the 

research questions and study design allowed for a more thorough consideration of potential 

threats to the validity of this inference. It was through this process that role in surgery, training 

program, and procedural complexity were identified as potential competing explanations for 
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variation in SPR scores. Other studies examining the validity of intraoperative assessment tools 

have not considered alternative sources of score variability in their studies (Ahmed et al., 2011; 

Jelovsek et al., 2013; Van Hove et al., 2010). Finally, the application of Kane’s validity 

framework to guide the larger validity study of the SPR will hopefully result in a more coherent 

and complete validity argument to support the intended uses of the SPR. The use of Kane’s 

validity framework in the medical education literature thus far has been limited to post-hoc 

analysis of evidence supporting the use of currently available assessment tools in order to 

identify weakness in their validity argument (Hatala et al., 2015; Hawkins et al., 2010)   

The findings of this study are limited by the use of a single institution for sampling. In 

addition, this study was not able to examine the effect of procedural complexity on SPR scores. 

Given the importance of procedure on the focus of assessment, it will be important to examine 

the influence of procedure on SPR scores in future studies. Finally, despite the large number of 

SPR’s collected, results of this study were based on repeated observations for a limited number 

of residents in each program and postgraduate training year. As a result, outlier performance by 

residents in a given program or PGY could have considerable influence on results of the study. It 

will be important to replicate and extend this study at different institutions to corroborate study 

findings.  

Recommendations and Future Studies 

Evidence-based Changes to the SPR 

This study has provided evidence to support several modifications to the SPR. 

Recommended modifications include:  

1. Addition of a procedural complexity measure to the demographics section of the SPR 

to facility future studies examining the effect of procedural complexity on SPR 
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scoring. This has been done for a number of different WBA tools described in the 

literature (Beard et al., 2011; Glarner et al., 2013; Gofton et al., 2012).  

2. Development of a new Orthopaedic-specific SPR. Revisions should be focused on 

how to better align Technical Skills and Intrinsic Competencies behavioural anchors 

with language, expected performance and needs of the discipline. Interviews with 

Orthopaedic faculty and residents will be the first step in guiding this process.  

3. Consideration for the development of an SPR for the assist role. Adequacy of the 

SPR to assess resident performance at the assist role needs to be further explored 

through interviews with faculty and residents. If interviews provide evidence to 

support the assumption that the focus of assessment of the SPR is inconsistent with 

the needs at the assist role, then a second SPR should be developed specifically for 

the assist role.  

Next Steps for Building a Validity Argument for the SPR  

While this study provides evidence to support the validity argument for the SPR, the 

story is incomplete. Further studies are required in order to continue to build the validity 

argument of the SPR. In particular this study provides limited evidence to support the use of this 

tool to improve the timeliness and quality of feedback available to residents, nor does it examine 

the ability of this tool to support residents’ learning. Both inferences must be explored further to 

strengthen the validity argument of the SPR. Future studies should include:  

1. Analysis of SPR written comments in order to assess quality of written feedback. 

2. Interviews with faculty and residents to verify findings of this study and explore:  

a. variability in SPR use across programs, 
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b. perceived effectiveness of the SPR as a tool for assessing and monitoring 

resident intraoperative performance with a focus on areas for improvement, 

c. influence of the SPR on the frequency, timeliness and quality of feedback 

provided to residents. This should include factors that contribute to the 

provision of written or verbal feedback by faculty, and whether the SPR itself 

provides sufficient feedback to residents in the absence of written or verbal 

feedback.  

d. impact of the introduction of the SPR on resident learning,  

e. the consequences of the SPR on faculty-resident interactions, and 

f. adequacy of the SPR to assess resident performance at the assist level. 

3. Observations of post-operative debriefs with the SPR in order to examine the effect of 

the SPR on feedback practices and to explore the relationship between written and 

verbal feedback generated with this tool.  

The primary contribution of this study to the validity argument of the SPR is to provide evidence 

to support its use as a tool to document and monitor resident intraoperative performance over 

time. Additional studies to strengthen the evidence for the use of the SPR for this purpose 

include:   

4. A generalizability study to examine reliability of the SPR and the influence of 

assessors and procedures on SPR scoring. 

5. Examination of the ability of the SPR to distinguish between the intraoperative 

performances of residents at the same training level but with different operative 

abilities. 
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6. Examination of the ability of the SPR to capture changes in patterns of performance 

over time for individual residents. 

7. Examination of transferability of the SPR to training programs in other medical 

schools.  

Conclusions 

The Surgical Procedure Feedback Rubric (SPR) is a novel workplace-based assessment 

tool designed to document and monitor directly observed resident performance in the operating 

room while providing targeted feedback to support learning in a competency-based model of 

surgical education. Results of this study contribute to the evidence supporting the validity 

argument of the SPR. In particular, this study illustrates the potential utility of the SPR to 

distinguish between intraoperative performances of residents at different levels of training. The 

resulting construct validity evidence for this tool also supports the potential transferability to 

other surgical training programs. In addition to supporting the validity argument for the SPR 

itself, results of this study provide further evidence to the growing body of research in support of 

the use of rubric-based assessment tools within competency-based assessment systems in 

medical education. 
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Appendix F: SPR data by resident 

Table 19  

SPR data presented by resident  

PGY @ 

end of 

study Resident  

Overall scores  Assist  

Primary 

Surgeon 

n mean (SD)   n mean (SD)   n mean (SD) 

P
G

Y
 1

 

GS18 6 2.24 (0.16)  5 2.19 (0.11)  1 2.50 (NA) 

GS19 5 2.07 (0.29)  3 2.16 (0.36)  1 2.00 (NA) 

GS20 7 2.44 (0.33)  3 2.52 (0.50)  4 2.38 (0.20) 

GS21 10 2.15 (0.14)  9 2.14 (0.15)  1 2.22 (NA) 

O18 5 2.42 (0.21)  5 2.43 (0.21)  0 NA 

O19 8 2.32 (0.19)  8 2.32 (0.19)  0 NA 

O20 3 2.60 (0.02)   1 2.58 (NA)   2 2.63 (0.00) 

P
G

Y
 2

 

GS14 20 2.48 (0.48)  17 2.46 (0.31)  2 2.61 (0.56) 

GS15 11 2.38 (0.16)  7 2.41 (0.13)  4 2.63 (0.08) 

GS16 7 2.35 (0.24)  2 2.56 (0.15)  5 2.26 (0.22) 

GS17 14 2.40 (0.25)  11 2.43 (0.23)  3 2.28 (0.36) 

O15 14 2.23 (0.19)  9 2.24 (0.19)  5 2.22 (0.22) 

O16 5 2.20 (0.28)  0 NA  5 2.20 (0.28) 

O17 20 2.36 (0.38)   15 2.41(0.35)   6 2.01 (0.11) 

P
G

Y
3

 

GS11 38 2.58 (0.31)  11 2.71 (0.31)  27 2.53 (0.30) 

GS12 25 2.57 (0.25)  4 2.50 (0.21)  21 2.64 (0.24) 

GS13 15 2.64 (0.24)  0 NA  15 2.64 (0.24) 

O12 25 2.39 (0.34)  8 2.47 (0.23)  14 2.38 (0.41) 

O13 16 2.41 (0.49)  8 2.74 (0.49)  8 2.09 (0.21) 

O14 6 2.23 (0.26)   3 2.25 (0.36)   3 2.20 (0.18) 

P
G

Y
 4

 

GS6 9 2.71 (0.29)  0 NA  8 2.77 (0.24) 

GS7 17 2.18 (0.48)  5 1.82 (0.16)  12 2.33 (0.49) 

GS8 5 2.55 (0.34)  0 NA  5 2.55 (0.34) 

GS9 5 2.71 (0.24)  0 NA  5 2.71 (0.24) 

GS10 3 2.83 (0.29)  0 NA  3 2.83 (0.29) 

O8 33 2.46 (0.30)  3 2.30 (0.31)  29 2.48 (0.30) 

O9 24 2.25 (0.30)  4 2.37 (0.23)  20 2.22 (0.31) 

O10 33 2.65 (0.31)  1 2.15 (NA)  31 2.67 (0.30) 

O11 35 2.59 (0.36)   0 NA   33 2.59 (0.37) 
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PGY @ 

end of 

study Resident  

Overall scores  Assist  

Primary 

Surgeon 

n mean (SD)   n mean (SD)   n mean (SD) 

P
G

Y
5

 

GS4 17 2.86 (0.18)  0 NA  17 2.86 (0.18) 

GS5 18 2.58 (0.27)  1 2.29 (NA)  17 2.59 (026) 

O5 32 2.70 (0.29)  3 2.60 (0.05)  29 2.71 (0.30) 

O6 36 2.67 (0.32)  1 2.14 (NA)  34 2.69 (0.32) 

O7 37 2.78 (0.24)   2 2.58 (0.27)   35 2.79 (0.24) 

G
ra

d
u
at

es
 

GS1 7 3.00 (0.00)  0 NA  7 3.00 (0.00) 

GS2 3 3.00 (0.00)  0 NA  3 3.00 (0.00) 

GS3 3 2.92 (0.13)  0 NA  3 2.92 (0.13) 

O1 9 2.66 (0.42)  2 2.96 (0.05)  6 2.57 (0.48) 

O2 16 2.46 (0.35)  4 2.56 (0.19)  12 2.43 (0.39) 

O3 8 2.80 (0.26)  2 2.43 (0.04)  6 2.92 (0.15) 

O4 10 2.92 (0.09)   2 2.80 (0.08)   8 2.96 (0.08) 
Note. GS = general surgery, O = Orthopaedic, NA = not applicable, n = number of SPRs, SD = standard deviation 
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Appendix G:Factor Analysis trials 

1-factor extraction 

Table 20  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings 

Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.79 48.53 48.53  6.27 44.77 44.77 

2 1.34 9.53 58.07     

3 1.23 8.81 66.88     

4 .82 5.82 72.69     

5 .67 4.79 77.49     

6 .59 4.20 81.69     

7 .53 3.77 85.46     

8 .46 3.25 88.72     

9 .42 2.97 91.68     

10 .31 2.22 93.90     

11 .28 1.99 95.89     

12 .22 1.57 97.47     

13 .20 1.41 98.87     

14 .16 1.13 100.00     
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Table 21  

Factor Matrix 

SPR attribute 

Factor 

1 

Knowledge of patient 0.68 

Procedure knowledge 0.67 

Incision 0.76 

Operative plan 0.80 

Patient checklist 0.71 

Tissue planes 0.78 

Tissue handling 0.65 

Bleeding 0.74 

Need for direction 0.63 

Post-op plan 0.49 

Communication 0.55 

Responsiveness to feedback 0.64 

Respect for others 0.57 

Scholar/Teaching 0.64 
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3-factor extraction with list-wise deletion 

Table 22  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.79 48.53 48.53  6.39 45.71 45.71 5.52 

2 1.34 9.53 58.07  1.01 7.21 52.91 5.07 

3 1.23 8.81 66.88  .80 5.75 58.67 3.72 

4 .82 5.82 72.69      

5 .67 4.79 77.49      

6 .59 4.20 81.69      

7 .53 3.77 85.46      

8 .46 3.25 88.72      

9 .42 2.97 91.68      

10 .31 2.22 93.90      

11 .28 1.99 95.89      

12 .22 1.57 97.47      

13 .20 1.41 98.87      

14 .16 1.13 100.00      
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Table 23  

Pattern matrix for the 14 SPR attributes (N = 203) 

SPR attribute 

Factor 

1 2 3 

Knowledge of patient 0.77   

Procedure knowledge 0.84   

Incision 0.76   

Operative plan 0.68   

Patient checklist 0.64   

Tissue planes 0.31 0.66  

Tissue handling  0.93  

Bleeding  0.61  

Need for direction  0.65  

Post-op plan  0.36  

Communication  0.54 0.37 

Responsiveness to feedback   0.71 

Respect for others   0.92 

Scholar/Teaching 0.38  0.40 

 

Table 24 

Factor correlation matrix 

  
Factor 1 2 3 

1 1.00   

2 0.67 1.00  

3 0.54 0.47 1.00 
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3-factor extraction with pair-wise deletion 

Table 25  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.91 49.36 49.36  6.53 46.64 46.64 5.66 

2 1.30 9.29 58.65  .91 6.53 53.17 5.01 

3 1.21 8.61 67.26  .88 6.25 59.42 4.29 

4 .80 5.73 72.99      

5 .62 4.40 77.39      

6 .59 4.20 81.59      

7 .50 3.56 85.15      

8 .45 3.18 88.33      

9 .42 2.98 91.30      

10 .32 2.25 93.55      

11 .26 1.82 95.38      

12 .24 1.74 97.12      

13 .22 1.54 98.66      

14 .19 1.34 100.00      
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Table 26  

Pattern matrix for the 14 SPR attributes 

SPR attribute 

Factor 

1 2 3 

Knowledge of patient .79   

Procedure knowledge .88   

Incision .84   

Operative plan .72   

Patient checklist .65   

Tissue planes .41 .55  

Tissue handling  .98  

Bleeding  .68  

Need for direction  .57  

Post-op plan    

Communication  .45 .40 

Responsiveness to feedback   .79 

Respect for others   .90 

Scholar/Teaching   .45 

 

Table 27  

Factor correlation matrix 

  
Factor 1 2 3 

1 1.00   

2 0.66 1.00  

3 0.59 0.53 1.00 
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4-factor extraction with list-wise deletion 

Table 28  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.79 48.53 48.53  6.45 46.05 45.05 5.06 

2 1.34 9.53 58.07  1.03 7.34 53.38 5.20 

3 1.23 8.81 66.88  .88 6.25 59.63 3.74 

4 .82 5.82 72.69  .46 3.30 6.29 4.56 

5 .67 4.79 77.49      

6 .59 4.20 81.69      

7 .53 3.77 85.46      

8 .46 3.25 88.72      

9 .42 2.97 91.68      

10 .31 2.22 93.90      

11 .28 1.99 95.89      

12 .22 1.57 97.47      

13 .20 1.41 98.87      

14 .16 1.13 100.00      
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Table 29  

Pattern matrix for 14 SPR attributes (N = 203) 

SPR attribute 

Factor 
 

1 2 3 4 

Knowledge of patient    .79 

Procedure knowledge    .91 

Incision  .88   

Operative plan  .86   

Patient checklist  .51   

Tissue planes .62 .32   

Tissue handling .93    

Bleeding .62    

Need for direction .57 .33   

Post-op plan .43    

Communication .57  .33  

Responsiveness to feedback   .71  

Respect for others   .95  

Scholar/Teaching   .39  

 

Table 30  

Factor Correlation Matrix 

  

Factor 1 2 3 4 

1 1.00   
 

2 0.67 1.00  
 

3 0.48 0.49 1.00 
 

4 0.56 0.70 0.53 1.00 
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4-factor extraction with pairwise deletion 

Table 31  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.91 49.36 49.36  6.57 46.92 46.92 5.12 

2 1.30 9.29 58.65  .98 6.84 53.76 5.09 

3 1.21 8.61 67.26  .90 6.46 60.21 4.27 

4 .80 5.73 72.99  .39 2.77 62.98 4.78 

5 .62 4.40 77.39      

6 .59 4.20 81.59      

7 .50 3.56 85.15      

8 .45 3.18 88.33      

9 .42 2.98 91.30      

10 .32 2.25 93.55      

11 .26 1.82 95.38      

12 .24 1.74 97.12      

13 .22 1.54 98.66      

14 .19 1.34 100.00      
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Table 32  

Pattern matrix for the 14 SPR attributes 

SPR attribute 

Factor 
 

1 2 3 4 

Knowledge of patient    .71 

Procedure knowledge    .93 

Incision  .89   

Operative plan  .73   

Patient checklist  .41   

Tissue planes .52 .45   

Tissue handling .98    

Bleeding .69    

Need for direction .56    

Post-op plan .37    

Communication .50  .33  

Responsiveness to feedback   .83  

Respect for others   .91  

Scholar/Teaching   .43  

 

Table 33  

Factor Correlation Matrix 

  
Factor 1 2 3 4 

1 1.00   
 

2 0.64 1.00  
 

3 0.56 0.51 1.00 
 

4 0.58 0.71 0.58 1.00 
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2-factor extraction with list-wise deletion   

Table 34  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.79 48.53 48.53  6.34 45.26 45.26 5.91 

2 1.34 9.53 58.07  .95 6.78 52.03 4.68 

3 1.23 8.81 66.88      

4 .82 5.82 72.69      

5 .67 4.79 77.49      

6 .59 4.20 81.69      

7 .53 3.77 85.46      

8 .46 3.25 88.72      

9 .42 2.97 91.68      

10 .31 2.22 93.90      

11 .28 1.99 95.89      

12 .22 1.57 97.47      

13 .20 1.41 98.87      

14 .16 1.13 100.00      
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Table 35  

Pattern matrix for the 14 SPR attributes (N = 203)  

SPR attribute 

Factor 

1 2 

Knowledge of patient .45  

Procedure knowledge .39 .35 

Incision .59  

Operative plan .66  

Patient checklist .68  

Tissue planes .92  

Tissue handling .77  

Bleeding .75  

Need for direction .75  

Post-op plan .31  

Communication .33  

Responsiveness to feedback  .86 

Respect for others  .92 

Scholar/Teaching  .55 

 

Table 36  

Factor Correlation Matrix 

 

 

 

  

Factor 1 2 

1 1.00  

2 0.64 1.00 
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2-factor extraction with pairwise deletion 

Table 37  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.91 49.36 49.36  6.46 46.12 46.12 5.75 

2 1.30 9.29 58.65  .83 5.93 52.06 5.61 

3 1.21 8.61 67.26      

4 .80 5.73 72.99      

5 .62 4.40 77.39      

6 .59 4.20 81.59      

7 .50 3.56 85.15      

8 .45 3.18 88.33      

9 .42 2.98 91.30      

10 .32 2.25 93.55      

11 .26 1.82 95.38      

12 .24 1.74 97.12      

13 .22 1.54 98.66      

14 .19 1.34 100.00      
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Table 38  

Pattern matrix for the 14 SPR attributes 

SPR attribute 

Factor 

1 2 

Knowledge of patient .81  

Procedure knowledge .88  

Incision .88  

Operative plan .74  

Patient checklist .67  

Tissue planes .43 .41 

Tissue handling  .70 

Bleeding  .64 

Need for direction  .60 

Post-op plan  .53 

Communication  .79 

Responsiveness to feedback  .57 

Respect for others  .59 

Scholar/Teaching  .44 

 

 

 

Table 39 

Factor correlation matrix 

 

 

 

 

 

  

Factor 1 2 

1 1.00  

2 0.73 1.00 
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3-factor extraction with list-wise deletion without teaching 

Table 40  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.53 50.21 50.21  6.16 47.39 47.39 5.27 

2 1.25 9.57 59.79  .87 6.67 54.06 5.04 

3 1.18 9.07 68.87  .83 6.38 60.44 3.55 

4 .75 5.76 74.63      

5 .62 4.78 79.41      

6 .56 4.28 83.69      

7 .45 3.48 87.17      

8 .42 3.22 90.39      

9 .32 2.45 92.84      

10 .29 2.23 95.07      

11 .24 1.85 96.92      

12 .21 1.59 98.52      

13 .19 1.49 100.00      
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Table 41  

Pattern matrix for the 14 SPR attributes (N = 390) 

SPR attribute 

Factor 

1 2 3 

Knowledge of patient .82   

Procedure knowledge .89   

Incision .77   

Operative plan .66   

Patient checklist .61   

Tissue planes  .69  

Tissue handling  .93  

Bleeding  .64  

Need for direction  .69  

Post-op plan    

Communication  .47 .35 

Responsiveness to feedback   .77 

Respect for others   .83 

 

Table 42  

Factor correlation matrix 

   
Factor 1 2 3 

1 1.00   

2 0.67 1.00  

3 0.55 0.51 1.00 
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3-factor extraction with list-wise deletion without post-op plan  

Table 43  

Total Variance Explained 

Factor 

Initial Eigenvalues  Extraction Sum of Squared Loadings Rotation Sum of 

Squared 

Loadings Total 

% of 

Variance 

Cumulative 

% 

 

Total 

% of 

Variance 

Cumulative 

% 

1 6.48 49.85 49.85  6.09 46.89 46.89 5.29 

2 1.31 10.09 59.94  1.00 7.71 54.61 4.78 

3 1.20 9.25 69.19  .82 6.32 60.92 3.54 

4 .72 5.49 74.69      

5 .61 4.66 79.35      

6 .56 4.30 83.66      

7 .46 3.52 87.18      

8 .44 3.41 90.59      

9 .32 2.49 93.08      

10 .30 2.33 95.42      

11 .24 1.83 97.24      

12 .21 1.58 98.82      

13 .15 1.18 100.00      
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Table 44  

Pattern matrix for the 14 SPR attributes (N = 211)  

SPR attribute 

Factor 

1 2 3 

Knowledge of patient .78   

Procedure knowledge .86   

Incision .75   

Operative plan .66   

Patient checklist .62   

Tissue planes  .67  

Tissue handling  .96  

Bleeding  .63  

Need for direction  .63  

Communication  .47 .33 

Responsiveness to feedback   .73 

Respect for others   .94 

Scholar/Teaching .42  .37 

 

 

 

Table 45 

Factor correlation matrix 

  
Factor 1 2 3 

1 1.00   

2 0.67 1.00  

3 0.54 0.46 1.00 
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Appendix H: List of procedures assessed using the SPR 

1. Abdominal Aortic aneurysm repair  

2. Abdominal perineal dissection & 

colostomy 

3. achilles tendon repair 

4. Anterior cruciate ligament repair (ACL) 

5. ACL revision and ALL repair 

6. ACOM Anneurysm 

7. Acromioplasty 

8. Above knee amputation (AKA) 

9. Anal fissure 

10. Anteria resection (partial TME) 

11. Aortobifemoral bypas (ABF)  

12. Arthroplasty (type not specified) 

13. Arthroscopy Elbow 

14. Arthroscopy Knee 

15. Arthroscopy knee with meniscal 

debriderment 

16. Arthroscopy knee with plica resection 

17. Arthroscopy shoulder 

18. Arthroscopy Shoulder  + subacromial 

decompression 

19. Arthroscopy wrist 

20. Arthroscopy wrist with DRUJ (distal 

radio-ulnar joint) reconstruction 

21. AV fistula wrist 

22. Axillary lymph node dissection (ALND) 

23. Bankart repair 

24. biceps tenodesis 

25. Biopsy and resection of fibrous 

dysplasia hip 

26. Bellow knee amputation (BKA) 

27. Brachial embolectomy 

28. Bunionectomy 

29. CABG 

30. Carotid endarterectomy, saphenous vein 

graft harvest 

31. Cervical laminectomy +/- discectomy 

+/- fusion/instrumentation 

32. chevron osteotomy 

33. Closed reduction percutaneons pinning 

Metacarpal 

34. Closure loop ileostomy 

35. Coccygectomy 

36. Colectomy & ileostomy 

37. Cranioplasty 

38. Craniotomy 

39. Cystgastrostomy and cholecystectomy 

40. Debridement R foot for charcot ankle 

41. Deltoid repair 

42. Blatts procedure 

43. Dynamic hip screw (DHS) 

44. Endovascular ABF (aortobronchial 

fistula)  

45. Esophagogastrectomy 

46. Excision accessory navicular 

47. Excision anterior ankle mass 

48. excision calcaneal prominence 

49. Excision eccrine spiradenoma 

50. Excision of heterotropic ossification 

spine 

51. Excision osteochondroma 

52. Excision soft tissue mass 

53. Excision tibial chondroblastoma w/ 

ICBG, 

54. Exploratory laparotomy for  anastamotic 

leak with colostomy 

55. Exploratory laparotomy for LBO - R 

hemicolectomy and L hemicolectomy 

56. Exploratory laparotomy with gastric 

perforation - trauma 

57. Exploratory laparotomy with loop 

ileostomy 

58. Exploratory laparotomy, LOA, SB 

resection x 2 and end ileostomy for SBO 

59. Fasciotomies for compartment syndrome 

60. Femoral embolectomy 

61. Femoral hernia repair  

62. Femoral-popliteal bypass (fem-pop) 

63. fistulotomy & hemrrhoidectomy 

64. Flexor Pollices Longus (FPL) repair 

65. Flexor tendon release 

66. Flexor tenotomies 

67. Foot cases 

68. Forefoot reconstruction 

69. Gamma Nail femur for hip fracture 
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70. Hallux valgus correction- Lapidus 

procedure.  

71. Hartmans reversal 

72. Heel-cord tenotomy and casting 

73. Hemicolectomy - left 

74. Hemicolectomy - right 

75. Hemithyroidectomy 

76. Hepatectomy - right 

77. Hiatus hernia repair  

78. Hgh tibial ostomy w/ medial opening 

wedge 

79. Hip Bipolar hemiarthoplasty 

80. Hip disarticulation 

81. Hip hemiarthroplasty 

82. I&D ankle 

83. I&D calcaneous 

84. I&D hip THA 

85. I&Dshoulder 

86. Iliac crest bone graft (ICBG) 

87. IM Nail  Femur  fracture 

88. IM Nail tibia 

89. Implant excision, capsulectomy & 

mastopexy 

90. Ingrown toenail 

91. Inguinal hernia repair 

92. inguinal node dissection 

93. Insertion PD catheter 

94. Laparoscopic appendectomy 

95. Laparoscopic cholecystectomy 

96. Laparoscopic heller myotomy  

97. Laparoscopic hemicolectomy - right 

98. Laparoscopic hiatus hernia repair 

99. Laparoscopic inguinal hernia repair 

100. Laparoscopic lysis of adhesions 

101. Laparoscopic Nissen Fundoplication 

102. Laparoscopic sigmoid resection 

103. Laparoscopic umbilical hernia repair 

104. Laparoscopic ventral hernia repair. 

105. Lumbar Laminectomy +/- discectomy  

+/- fusion/instrumentation 

106. Lysis of adhesions 

107. Mammoplasty 

108. MCP arthroplasty 

109. Metatarsal osteotomy 

110. midfoot fusion 

111. mitral valve repair 

112. Modified Radical Mastectomy 

113. MPFL (Medial patellofemoral 

ligament) reconstruction 

114. nephroureterectomy + TURBT 

115. Nissen Fundoplication (Open) 

116. Open biopsy humerus 

117. Open release elbow 

118. ORIF Acetabulum 

119. ORIF ankle 

120. ORIF clavicle 

121. ORIF distal radius 

122. ORIF elbow lateral condyle 

123. ORIF hip 

124. ORIF humerus 

125. ORIF metacarpal 

126. ORIF metatarsal shaft fracture 

127. ORIF olecranon 

128. ORIF olecranon (revision) 

129. ORIF patella 

130. ORIF periprostetic femur fracture 

131. ORIF Periprosthetic fracture for TKA 

132. ORIF Sacrum 

133. ORIF Scaphoid 

134. ORIF tibia 

135. Outerbridge 

136. Partial gastrectomy 

137. Partial mastectomy +/- SLNB 

138. Partial mastectomy with needle 

localization +/- SLNB 

139. PIN (posterior interosseous nerve) 

decompression 

140. pionidal sinus 

141. plantar fascia release 

142. Pleuroscopy 

143. posterior fossa decompression 

144. Pterional craniotomy for tumour 

145. radial head arthroplasty (elbow), 

LVCL repair 

146. recon nail femur 

147. Rectal prolapse repair 

148. Removal gamma nail 

149. removal of hardware (ROH) clavicle 

150. Removal of hardware ankle 

151. Removal of hardware spine 

152. Removal of hardware wrist 

153. Removal of harware  
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154. Resection tumour pelvis 

155. retrograde nail polytrauma 

156. retrosigmoid craniotomy for 

meninigioma 

157. reverse total shoulder arthroplasty 

(RTSA) 

158. Revision ileostomy 

159. revision radial head 

160. rotator cuff repair 

161. Scalp angiosarcoma resection with 

free flap and skin graft 

162. Scoliosis 

163. Sentinal lymph Node Biopsy (SLNB) 

164. Shoulder hemiarthoplasty 

165. Shoulder labral  repair 

166. Simple Mastectomy +/- SLNB 

167. Small bowel resection  

168. Subareolar breast biopsy 

169. Subtotal glossectomy, 

larynpharyngectomy, bilateral neck 

dissection, pectroal flap 

170. Table saw - hand ORIF nerves 

171. Temporal lobectomy 

172. Tendon repair - extensor  with tendon 

transfer 

173. Tendon repair - upper extremity 

174. Total Hip Arthroplasty (THA) 

175. THA (revision) 

176. Thoracic Laminectomy 

177. Thoracoabdominal 

esophagagastrectomy 

178. Thoracotomy and decortication for 

empyema 

179. Thoracotomy and lobectomy 

180. Thoracotomy and long esophageal 

myotomy 

181. Thoracotomy and Pleurodesis 

182. Thoracotomy and wedge resection 

lung 

183. Thoracotomy, resection pleural tumor 

184. Thumb fusion 

185. Thumb reconstruction 

186. Tibial anterior transfer 

187. Tibial nail  

188. Tibial plateau 

189. Tibial tubercle osteotomy (TTO) 

190. Tigger thumb release 

191. Total knee arthroplasty (TKA) 

192. TKA (Revision) 

193. Toe amputation 

194. Total elbow arthoplastly - revision 

195. Total Elbow arthroplasty 

196. Total mesorectal excision (TME), 

Colonic J Pouch /Ileostomy 

197. Total Shoulder arthroplasty 

198. Transoral Resection 

199. Tricuspid Valve repair 

200. Ulna nerve transposition 

201. Ulnar lengthening. 

202. Ulnar nerve decompression and 

epicondylectomy 

203. Umbilical hernia 

204. Unicompartmental knee replacement 

(UKR)  

205. VATS Bullectomy 

206. Vats wedge lung 

207. VDRO (varus derotational osteotomy) 

and ulnar lengthening. 

208. Ventral hernia 

209. Whipple (open/closure abdomen) 

210. WLE melanoma +/- SLNB 

211. Wound Revision 

212. Zenkers diverticulum 

213. Zygomatic fracture
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Appendix I:Classification of general surgery procedures by complexity 

Category Simple Complex frequently 

encountered 

Complex, but infrequently encountered 

 - procedures you would 

reasonably allow a ≤PGY2 

to do with supervision 

- simple procedures are 

independent of frequency 

- procedures that all residents 

should be competent in by the 

end of their training 

- programs should be able to 

assess competence 

- procedure within the scope of 

practice of a community 

surgeon, but that occur at low 

frequency 

- Residents should be 

knowledgeable about but may 

not be able to demonstrate 

competency by the end of their 
training 

- Competence is assumed based 

on experience in other 
procedures. 

- procedures outside the scope 

of practice of a community 

surgeon 

Abdomen - 

General 

Open/close abdomen (negative 

exploratory laparotomy) 

Peritoneal Dialysis Catheter 

Insertion 

Exploratory Laparotomy 

Exploratory laparoscopy 

Intra-abdominal Abscess - drainage 

Peritoneal Lesion – Biopsy 

 Pseudomyxoma - Operation 

Retroperitoneal Lymph Node 

Dissection – 

Laparoscopic/Open 

Median arcuate ligament release 

+/- resection of celiac ganglion 

Abdomen - 

Hernia 

Inguinal and Femoral Hernia - 

Open (elective) 
Ventral Hernia - Open Repair 

(Elective) 

Umbilical Hernia – open/MIS 

(Elective) 

Inguinal and Femoral Hernia - MIS 

Inguinal and Femoral Hernia - Open 
(urgent) 

Ventral Hernia – MIS/open (urgent) 

Ventral hernia (massive) – not 

requiring separation of 

components/abdominal wall 

reconstruction 

Ventral hernia repair (massive) – 

requiring separation of 
components/abdominal wall 

reconstruction 

Miscellaneous hernias - repair 

Diaphragmatic Hernia – Repair 

 

Abdomen - 

Biliary 

Cholecystectomy - MIS (elective) 

 

Cholecystectomy +/- 

Cholangiography for acute 
inflammation/perforation – MIS 

Open Cholecystectomy 

Cholecystostomy 

Bile Duct Injury - Acute Repair 
 

Choledochoenteric Anastomosis 

Choledochoscopy 
Common Bile Duct Exploration – 

Open/MIS 

Gallbladder Cancer – Operation 

(incidental/Planned) 

Bile Duct Cancer – Operation 

Bile Duct injury – definitive 

repair 

Bile Duct Neoplasms - Operation 

Abdomen 

– liver 

 Hepatic biopsy –open/MIS 
 

 Hepatic Abscess – Drainage 
Hepaticojejunostomy 

Portal-Systemic Shunt 

Segmentectomy/Lobectomy – 

Open/MIS 

Abdomen - 

Pancreas 

   Pancreatectomy - Distal 

Pancreatic Debridement 

Pancreatic pseudocyst – drainage 

Ampullary Resection for Tumor 

Pancreatectomy 
Pancreaticoduodenectomy 

(Wipple’s Procedure) 

Pancreaticojejunostomy 

Abdomen - 

spleen 

  Splenectomy –open/MIS Splenectomy/Splenorrhaphy - 

Partial 

 

Alimentary 

Tract – 

Esophagus 

 Antireflux procedures – open/MIS 

 

 Cricopharyngeal Myotomy with 

Zenker’sdiverticulum - 

Excision 

Esophageal Perforation - 
Repair/Resection 

Repair Paraesophageal Hernia – 

Open/MIS 

Esophagectomy/Esophagogastrec

tomy 

Esophagomyotomy (Heller’s 

myotomy) 
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Category Simple Complex frequently 

encountered 

Complex, but infrequently encountered 

Alimentary 

tract – 

stomach 

Gastrostomy – open 

Gastrostomy – percutaneous 

endoscopic 

Duodenal Ulcer Perforation – repair 

Gastrectomy - Partial 

Gastric ulcer perforation – repair 

Surgical Complication post-bariatric 

surgery - specifically internal 

hernia and perforation 
 

Surgical complication post-bariatric 

surgery complications  other than 

internal hernia/perforation 

 

Vagotomy & pyloroplasty 

Gastrectomy - total 

Bariatric surgery 

Postgastrectomy Syndromes - 

Revisional Procedures 

Gastrostomy – laparoscopic 
assisted 

Alimentary 

Tract – 

Small 

intestine 

Adhesiolysis – 

Laparoscopic/open (simple – 

single band) 

Feeding Jejunostomy – Open 

Ileostomy 

Ileostomy Closure 

Small Intestinal Resection - Open 

Adhesiolysis – Laparoscopic/open 

(extensive) 

Feeding Jejunostomy – 

Laparoscopic 

Small Intestinal Resection - 

Laparoscopic 

Revision of ileostomy 

Small bowel fistula (non-crohn’s) - 
repair 

Radiation enteritis – adhesiolysis or 

resection 

 

Superior Mesenteric Artery 

Embolectomy/ Thrombectomy 

Small bowel fistula (complex 

crohn’s disease) – repair 

Stricturoplasty for Crohn’s 

Disease 

 

Alimentary 

Tract – 

Large 

Intestine 

Appendectomy – 

Laparoscopic/open 

Colostomy 

Colostomy closure 

Colectomy, Partial – Laparoscopic 

/open 

Colectomy - Subtotal (with 

Ileosigmoid 

Anastomosis/Ileostomy) 

Colectomy – total (with ileostomy) 

 

 

 Colectomy – total (with ileorectal 

anastomosis) 

Proctocolectomy +/- ileal pouch-

anal anastomosis (IPPA) 

Rectal Cancer - 

Abdominoperineal Resection 

with colostomy 

Pelvic Exenteration 

Alimentary 

Tract - 

Anorectal 

Anal Fistulotomy 
Anorectal Abscess - Drainage 

Banding for Internal 

Hemorrhoids 

Perianal Condylomas – Excision 

 

Hemorrhoidectomy – open/stapled 
Sphincterotomy – Internal 

 

 Anorectal Fistulae - Complex 
Repair including seton 

placement 

Sphincter repair for incontinence 

Rectal Cancer – Transanal  

Resection (open/endoscopic,) 

Anal Cancer - Excision 

Rectal Prolapse – Repair 

Rectovaginal fistula - repair 

Breast Breast Cyst - Aspiration 
Breast mass – FNA/core biopsy 

Mastectomy – Partial/Breast 

Biopsy/lumpectomy – palpable 

lesions 

I&D breast abscess 

 

Axillary Lymphadenectomy 
Axillary Sentinel Lymph Node 

Biopsy Breast 

Mastectomy – Partial/Breast 

Biopsy/lumpectomy requiring 

needle localization – non-

palpable lesions 

Mastectomy - Simple 

Mastectomy - Modified Radical 
Duct Excision 

 Breast reconstruction 

HEENT/ 

Endocrine 

Cricothyroidotomy Thyroidectomy - Partial or Total 

Cervical Lymph Node biopsy 

Tracheostomy 

 Parathyroidectomy 

Salivary gland surgery 

Adrenalectomy 

Modified Neck Dissection 

Parotidectomy 

Skin/Soft 

tissue 

Skin cancer including melanoma 

- Wide Local Excision 

Pilonidal – Incision and drainage 

Skin/Soft Tissue Lesions – 
Excisional/Incisional Biopsy 

Soft Tissue Infections - Incision, 

Drainage, Debridement 

Sentinel Lymph Node Biopsy for 

Melanoma or Merkel cell tumour 

Pilonidal cystectomy with skin flap 

reconstruction 

Debridement for necrotising fasciitis Soft Tissue Sarcoma – Resection 

 

Trauma Wounds, - Debride/Suture Damage control laparotomy for 

trauma 

Trauma Laparotomy with GI tract 

injury (small bowel, large bowel, 

anorectal) 

Temporary closure of the abdomen 
Gastroduodenal Trauma – 

Management 

Hepatic Injury - Packing and Repair 

Splenic injury – 

packing/Splenectomy 

Emergency Thoractomy 

 Abdominal aorta or IVC injury 

Bladder Injury – Repair 

Cardiac Injury – Repair 

Carotid Artery Injury – Repair 

Esophageal Injury – Operation 

Pancreatic Injury – Operation 
Renal Injury - Repair/Resection 

Ureteral Injury – Repair 

Burn Debridement and Grafting 

of Major Burns 

Hepatic Injury – Resection 

Fasciotomy for Injury 

Tendon - Repair 
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Category Simple Complex frequently 

encountered 

Complex, but infrequently encountered 

Vascular – 

arterial 

disease 

Amputations - Lower Extremity 

 

  Carotid Endarterectomy 

Embolectomy/ Thrombectomy – 

Arterial 

Abdominal Aortic Aneurysm - 

Endovascular/Open Repair 

Aortofemoral Bypass 
Extra-anatomic Bypass 

Femoral-popliteal Bypass 

Infrapopliteal Bypass 

Graft-enteric fistula - 

management 

Vascular – 

venous 

disease 

Venous Insufficiency/Varicose 

Veins – Operation 

Sclerotherapy - Peripheral Vein 

   

Vascular – 

access 

Implanted Venous Access 
Devices – Insertion/removal 

  Arteriovenous fistula/Graft 
 

Thoracic 

surgery 

Pleurodesis- open/MIS 
Tube thoracostomy 

Exploratory Thoracotomy – Open 
 

 Pericardial Window for Drainage 
Pneumonectomy (open/MIS) 

Lobectomy (open/MIS) 

Exploratory thoracotomy - MIS 

Partial Pulmonary Resection - 

Open/MIS 

Bullectomy – open/MIS 

Empyema - Management 

Pediatric 

surgery 

Inguinal Hernia – Repair (age ≥2) 
Umbilical Hernia – Repair 

 

Meckel’s Diverticulum – Excision 
Pyloromyotomy – open 

Omphalocele/Gastroschisis – silo 

placement 

Thyroglossal Duct Cyst – Excision 

Intussusception - Operation 

Malrotation (emergency) – 

operation for acute volvulus 

 
 

 Inguinal Hernia – Repair (age <2) 
Malrotation (elective) – LADDs 

procedure 

Pyloromyotomy – lap 

Antireflux Procedure 

Branchial Cleft Anomaly – 

Excision 

Chest Wall Deformity - Repair 

Diaphragmatic Hernia – Repair 
Esophageal Atresia/ 

Tracheoesophageal Fistula – 

Repair 

Hirschsprung’s Disease - 

Operation 

Imperforate Anus - Operation 

Intestinal 

Atresia/Stenosis - Repair 
Meconium Ileus - Operation 

Necrotizing Enterocolitis - 

Operation 

Omphalocele/ Gastroschisis – 

Repair 

Orchiopexy 

Wilms Tumor/ Neuroblastoma - 
Excision 

Plastic 

Surgery 

Facial lesions – biopsy 
Advancement and Simple 

Rotational flaps 

 

Debridement of pressure ulcers  Complex Wound Closure 
Skin grafting (full and split 

thickness) 

Complex rotational flaps and free 

flaps 

Carpal tunnel release 

Gyne Tubal ligation ovarian cystectomy – open/MIS 

 

 Hysterectomy 

Salpingo-Oophorectomy 

Cesarean Section 
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