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Abstract 

 Dependable assessment tools are essential for Competency Based Medical 

Education (CBME).  Competence in central venous catheterization (CVC) is a key 

objective to be learned by trainees. Tools to assess technical competency include 

checklists, critical error tools, Objective Structured Assessment for Technical Skills 

(OSATS) tools and the Ottawa Surgical Competency Operating evaluation (O-SCORE) 

tool.  This study examined the impact of a simulation-based educational intervention on 

resident knowledge and performance of CVC.  It also compared the dependability of the 

scores derived from the four assessment tools.  Junior residents completing their first ICU 

rotation in Calgary participated in the study.  The control group received didactic 

instruction.  The intervention group received simulation-based teaching and an online 

multimedia educational module.  No observed differences between groups were 

identified in any of the assessment measures.  Global rating scales such as the OSATS or 

O-SCORE tools outperformed checklists or critical error tools when assessing 

competence for this procedure. 
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Chapter One: Introduction 

1.1 Background 

Procedural skills training in medicine has traditionally relied on an apprenticeship 

model referred to as “see one, do one, teach one”.  In this model, demonstration is 

followed by supervised performance and then progression of the newly trained learner 

into the teaching role.(1, 2)  It is the educational mandate of residency programs to 

provide sufficient training opportunities to enable their residents to become competent in 

clinical procedures.  Frank et al. defines clinical competence as “an observable ability of 

a health professional, integrating multiple components such as knowledge, skills, values 

and attitudes”.(3)  As such the importance of procedural skills training in the broader 

context of clinical competency has been recognized.  However, to learn these skills, 

residents must have access to adequate practice opportunities, as well as practitioners 

who are qualified to teach and assess their performance.  

Central venous catheterization (CVC) is a required procedural skill for medical 

practitioners caring for acutely-ill patients.(4)  As such, it is a training requirement for a 

variety of residency specialties.  The procedure involves the insertion of a multi-lumen 

catheter into a large, deeply located vein at the neck (internal jugular), chest (subclavian) 

or groin (femoral).(5)  These catheters are often utilized to administer medications or 

fluids which would injure a smaller, more peripherally located vein.(5)  Other indications 

for their placement include central venous blood sampling or pressure measurements, 

rapid intravenous volume administration, the introduction of transvenous pacemakers or 

pulmonary artery catheters and the need to obtain venous access in an unstable patient 

when peripheral sites are not accessible.(4, 5) 
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Unfortunately, the current educational format at many institutions inadequately 

trains residents to develop competence in procedures such as CVC, deemed necessary for 

their clinical careers.  Opportunities to “see” some of the rarer, but potentially life-saving, 

clinical procedures during clinical rotations are often limited.(6)  Inconsistent and 

inadequate exposure means residents lack opportunities to develop competence to “do” 

these procedures, let alone “teach them.(7)  Furthermore, many of these procedures are 

performed in life-threatening clinical scenarios, where stress and time constraints relegate 

the learner to the role of passive observer.  Other limitations imposed by work hour 

restrictions, insufficient faculty supervision and patient reluctance to act as teaching 

participants further contribute to the inadequate experience of many trainees.(8, 9)  Such 

suboptimal training shapes residents into clinicians who feel uncomfortable performing 

procedures due to inadequate preparation and experience.(10-12)  Given that the number 

of opportunities for clinical procedures varies and are often limited, there is a clear need 

to develop safe, alternative teaching strategies to help learners acquire these skills during 

training rather than hoping to gain exposure and experience by chance. 

 

1.2 The research team  

A team of researchers conducted the study. It was led by the student submitting 

this thesis, and included two other critical care physicians who are also Faculty in the 

Department of Critical Care Medicine, Cumming School of Medicine, University of 

Calgary.  
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1.3 Study goal  

Residents currently learn to perform CVC in the Calgary Zone hospitals in an 

opportunistic fashion.  They are taught by various instructors, using differing educational 

methods and differing techniques.  Many training programs rely heavily on the intensive 

care rotation to provide their residents with a consistent experience to gain the necessary 

training to competently perform this skill.  The primary goal of this study is to explore 

whether the introduction of a multimedia learning module, combined with simulation 

based teaching, improves the knowledge, performance, and educational experience in 

junior residents learning to perform CVC during their intensive care rotation at the 

University of Calgary.  A secondary goal of this study is to determine whether the scores 

derived from the assessment tools developed for this study are dependable in assessing 

resident competence in performing this procedure.  We (the team) intend to use the 

results of this study to develop a CVC assessment tool that can be utilized in our 

intensive care units as we transition to Competency Based Medical Education (CBME).  

This thesis is organized into five chapters.  The second chapter (Literature 

Review) reviews the existing literature and provides a rationale for the research questions 

contained in this thesis.  The third chapter (Methods) describes the study participants, 

data collection instruments and statistical analyses performed to answer the research 

questions.  The fourth chapter (Results) presents the data from the study.  The final 

chapter (Discussion) contextually reviews the results of each of the research questions.  It 

explains how the results build upon the existing literature and demonstrates the 

educational implications of the study.  Finally, it highlights some limitations of the work 

and suggests areas for future research. 
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Chapter Two: Literature Review 

This chapter reviews the existing literature relevant to the research questions in 

this thesis.   It introduces the reader to the changes that are likely to occur in residency 

education as a consequence of the national implementation of competency based medical 

education (CBME) by the Royal College of Physicians and Surgeons of Canada (RC).  It 

reviews the evidence for simulation-based procedural skill teaching.  It identifies the 

importance of repeated practice and mastery in skills training, with a focus on central 

venous catheterization.  It describes some of the commonly used scoring tools to assess 

procedural competence.  Finally, it demonstrates the importance of considering validity 

and dependability when developing and utilizing scoring tools to judge performance.  

This chapter concludes by outlining the research questions for this thesis. 

 

2.1 Competency based medical education in Canada 

The framework of residency education in Canada is changing.  With the 

introduction of “Competence By Design”, the RC proposes to replace the existing time-

based training platform with one that is specifically competency-based.(13)  This CBME 

structure will promote greater learner-centeredness while emphasizing abilities and 

focusing on outcomes.(13)  In this framework, competencies will be structured as 

Entrustable Professional Activities (EPAs) containing individual milestones to be 

demonstrated by the learner.  These milestones (such as CVC) are defined as discrete, 

observable tasks of a discipline that an individual can be trusted to perform without direct 

supervision once sufficient competence has been demonstrated.(14)  As EPAs are 

introduced into residency curricula, medical educators will be responsible for creating 
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assessment tools to determine competence.(15)  A variety of tools have been reported in 

the literature to assess performance, including a variety of task specific checklists, 

entrustability scales and global rating tools.(16-20)  Currently, no specific tool has been 

identified that can serve to adequately assess resident competency in CVC within the 

context of a CBME training platform. 

 

2.2 Simulation-based procedural skills training 

In concert with Bloom’s taxonomy, the North American medical educational 

system has traditionally focused on teaching higher level cognitive skills such as problem 

solving, synthesis and analysis.(21)  Affective and psychomotor domains of medical 

education were largely neglected until the 1999 Institute of Medicine report “To Err is 

Human” highlighted the diagnostic and cognitive roles in medical error and emphasized 

the role of simulation in procedural skills training.(22)  Subsequently, national licensing 

and governing bodies have moved to accreditation as a strategy to improve physician 

competence and patient safety.(23) 

Support for simulation in skills acquisition and crisis management originated in 

other professional domains, including aviation, business and the military.(24-26)  In 

medicine, research in the fields of obstetrics and anesthesia pioneered the use of 

simulation to improve performance while reducing patient risk.(27)  Using realistic 

interactive patient simulators, anesthetists borrowed concepts from non-medical 

industries to train residents in technical skills and behavioral performances including 

leadership, communication, and teamwork.(2, 28)  
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There are a number of advantages to simulation-based education.  Simulators 

allow trainees to “see one” then to “do one” and finally to “teach one” in a controlled 

environment.  Focused, repeated deliberate practice of procedural skills can be performed 

in a safe, controlled environment with formal teaching and supervision prior to 

performing the procedure on an actual patient.(29-34)  Simulations can be further 

manipulated to suit the learning objectives, and can be utilized to allow exposure to 

scenarios or procedures that are more rarely encountered in clinical practice.(35)  Basic 

tasks can be introduced using lower fidelity training instruments such as multimedia 

teaching modules and procedural task trainers.  More complex tasks can be taught with 

newer simulation modalities such as computerized simulators, and virtual-reality 

enhanced environments.  Furthermore, simulations can be tailored to allow for 

standardized training or manipulated to demonstrate important consequences of trainee 

interventions or decisions.(35)  This controlled practice environment helps learners 

expand their knowledge of and reinforces appropriate techniques, which in turn leads to 

increased confidence and improved performance.(36)  Additionally, the simulated 

environment allows for the elimination of anchor bias.  Anchor bias occurs when raters 

are influenced by their knowledge of the past performance of the learner.(37)  In the 

simulated environment, where video recording is available, the identification of the 

learner can be blinded from the rater to eliminate this influence.  

Most initial studies using simulators as training tools concentrated on scenario 

development and curriculum integration but did not provide evidence for improved 

learner performance or patient safety.(38, 39)  Fortunately, as simulators have become 

more ubiquitous, evidence of improved performance in procedural skills training is 
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becoming apparent.  In addition to performance improvements in the simulated 

environment, a growing body of evidence demonstrates translation of performance from 

the simulated arena to the clinical setting.  Improvements in resident performance as well 

as self-perceived confidence have been reported in a variety of study settings including 

clinical and procedural skills training and team-based resuscitation.(30, 40-46)  

 

2.3 Central venous catheterization 

Given its common role in the management of unstable patients, competence in 

CVC has been identified as a key objective to be learned by trainees in a variety of 

specialties.(47-51)  Nearly three million central lines are inserted annually in the United 

States.(52)  There are an estimated 15 million central line days per year in North 

American intensive care unit (ICU) populations.(53, 54)  The reported incidence of 

mechanical and infectious complications related to this procedure has been reported to 

range from 15 percent to as high as 26 percent, and complication rates are inversely 

related to operator experience.(55-58)  These complications directly impact patient 

morbidity, mortality and system costs related to prolonged hospitalization, underscoring 

the need for adequate training.(59)  The opportunity to learn CVC in a controlled setting, 

which supports repeated and deliberate practice, seems an ideal solution to help address 

this issue.   

Despite its apparent advantages, simulation based training has been criticized as 

potentially expensive, time consuming and resource intensive.(60, 61)  Scientific 

evidence on newer and costlier educational tools is necessary, due to the increasing cost 

of new technology and the pressures to demonstrate correlations between simulation 
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based teaching and improved patient safety.(62, 63)  An expanding body of literature 

pertaining to simulation based central line insertion training demonstrates improved 

performance and self-confidence as well as increased satisfaction with the simulated 

teaching environment.(16, 64-68)  Furthermore, patient safety seems to be enhanced 

through decreased average number of needle passes, improved barrier protection 

practices, decreased infectious complications, protocol adherence and decreased rates of 

pneumothorax.(64, 69-71)  

 

2.4 Acquiring procedural competence 

Procedural competence and decreased incidence of complications are associated 

with operator experience.(57, 72)  Unfortunately, the exact number of opportunities 

required for competency in CVC remains unclear.  In an attempt to accelerate the 

learning curve, opportunities for adequate exposure can be enhanced with simulation.  

The simulated learning environment provides opportunities to practice technique, refine 

behavioural skills and integrate safety procedures in a safe and controlled environment. 

(73)  Simulation based practice has been shown to improve CVC insertion skills and 

resident confidence while decreasing patient complications and catheter-related 

bloodstream infections.(10, 64, 74, 75)   

Several theories have been proposed to define a structured approach to skill 

acquisition and procedural competence.  These models suggest that competence is not 

acquired through simple practice or unstructured repetition of an activity.  Rather, 

competence is a function of improved accuracy, speed and performance resulting from 

structured, repeated practice.  The ‘deliberate practice’ model of skill acquisition 
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stipulates that specific conditions must exist to enable competence.  These conditions 

include: 1) highly motivated learners who exert effort to improve performance; 2) well 

defined learning objectives or tasks; 3) appropriate levels of task difficulty; 4) 

opportunities for focused repetitive practice; 5) rigorous, reliable measurement strategies; 

6) immediate, informative feedback and knowledge of results of performance; 7) 

monitoring, error correction and more deliberate practice; 8) further evaluation and 

performance to the expected minimal outcome; and 9) advancement to increasingly 

difficult levels or tasks.(76, 77)   

The ‘mastery learning’ model of medical education extends this argument to a 

higher level of proficiency.  This model suggests that all learners should ultimately 

accomplish educational objectives with little or no variation in outcome.  In essence, it is 

a more stringent form of deliberate practice and competency-based education.  It consists 

of seven complimentary features: 1) baseline or diagnostic assessment; 2) clear learning 

objectives sequenced as units in increasing difficulty; 3) engagement in sustained 

educational activities (such as deliberate practice) focused on reaching the objectives; 4) 

a fixed minimum passing standard; 5) formative assessment with specific feedback to 

gauge completion; 6) advancement to the next educational unit given measured 

achievement at or above the mastery standard; and 7) continued practice or study until the 

mastery standard is achieved.(73)  Implementation of this teaching approach has 

demonstrated improved performance and skill acquisition as compared to traditional 

teaching methods.(30) A systematic review of mastery-based teaching in simulation skills 

training demonstrated improved skill acquisition, improved communication, decreased 

complications, reduced health care costs and improved patient outcomes.   As McGaghie 
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et al. state, “the Barsuk et al. study is clearly a wake-up call for all of us who were 

trained in the era of see one, do one, teach one”.(73) 

While increased exposure to procedures is associated with improved learner 

confidence in their abilities, studies have consistently failed to identify an association 

between resident confidence and clinical competence.(75, 78-81)  This disconnect 

reinforces the importance of ensuring that educational strategies targeting procedural 

competence are implemented in a structured way with clear learning objectives, 

opportunities for repeated practice and rigorous assessment strategies.  

 

2.5 Assessment tools for procedural competence  

 Determining competence in clinical performance can only be achieved if scores 

derived from the assessment tool are dependable and valid.  A variety of scoring tools to 

assess procedural competence have been reported in the literature.  Common instruments 

include itemized checklists, scoring tools targeting critical errors, global rating scales and 

combinations thereof.   

 Checklists are often focused on technical aspects of procedural competence and 

allow identification specific observable, dichotomous behaviours.(82, 83)  Since they 

provide an objective measure of performance and are intuitive to use, it has been assumed 

that scores derived from these instruments are more reliable from those derived from 

global assessment tools.(84)  For these reasons, they are widely reported in the literature 

for the assessment of procedural competency.(16, 70)  Unfortunately, although checklists 

are able to identify and measure successful completion of specific steps related to a 

procedure, they typically fail to adequately assess other important cognitive domains 
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related to procedural competency such as ‘infection control’, ‘safety’ or ‘team 

collaboration’.(85, 86)  In clinical skills assessment, checklists are less sensitive than 

global assessment tools in discriminating between learners with varying levels of 

expertise.(87, 88)  These limitations suggest that checklists may reward thoroughness at 

the expense of behaviours that more adequately assess performance.(89)   For the 

assessment of procedural skill competence, checklist tools often sacrifice specificity for 

sensitivity.  Low checklist scores are typically associated with procedural incompetence, 

while high checklist scores do not necessarily ensure competence.(17, 86, 90)  

Furthermore, itemized checklists may fail to appropriately account for procedural errors 

that are committed by the trainee during the procedure.(86)  Consequently, the impact of 

these errors may minimally contribute to the assessment process and determination of 

competence.  Studies utilizing error-focused assessment tools for procedural skills have 

demonstrated greater accurate than traditional checklists at determining competence.(17, 

91)  

 Global rating scales, such as the Objective Structured Assessment of Technical 

Skills (OSATS) or Ottawa Surgical Competency Operating Room Evaluation (O-

SCORE) tools, define performance on a global behaviour scale, or set of sub-scales.(82)  

Improved reliability of scores and discrimination of expertise of performance has been 

demonstrated with global rating scales (GRS).(17, 20, 86)  Scores derived from tools 

using a GRS format have demonstrated higher reliability and validity than those from 

tools using a checklist format in Objective Structured Clinical Examination (OSCE) 

scenarios.(92)  A recent meta-analysis comparing checklist and GRS scoring tools in 

simulation-based procedural assessment identified high inter-rater reliability using both 
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scale types.(93)  However, inter-item and inter-station reliabilities favoured GRS-type 

tools and allow for identification of important deviations from desired performance such 

as critical errors.(93)   Behaviourally anchored GRS such as widely used OSATS and 

recently developed O-SCORE tools avoid central tendencies by setting standards in such 

a way as to identify safe independent performance, rather than comparing performance to 

an arbitrary or peer-reference standard.(20, 31)  However, judgments made using GRS 

are subjective; therefore, it is important that evidence of validity and reliability be 

provided to defend the decisions that are made while using these tools.  

 

2.6 The validity argument 

 The development and application of appropriate assessment tools is essential for a 

competency-based training environment to be successful.  Identification and testing of 

these tools must occur, to ensure that judgments regarding performance are valid and 

defensible.  As emphasized by Downing, ‘without evidence of validity, assessments in 

medical education have little or no intrinsic meaning’.(94)  Validation of an assessment 

tool requires the collection and demonstration of evidence to defend the use of scores to 

make decisions.  Traditional validity theory proposed that validity evidence could be 

categorized into various ‘types’ (e.g. face, criterion, content).  Recently this has been 

challenged.  Theories developed by Messick, and more recently Kane, abandon this 

traditional classification of validity.(95, 96)  Rather they argue that all validity supports 

the broader context of construct validity.  Unlike Messick’s theory, Kane’s approach 

allows for prioritization and organization of the validity evidence to support a proposed 
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validity argument.(97)  Cook et al. organize Kane’s framework of validity into four 

definable categories (scoring, generalization, extrapolation and implications).(97)  

  Evidence from these categories can be demonstrated, organized and prioritized to 

create a thorough and comprehensive validity argument to support and justify decisions 

made by using a particular tool within a particular context.  To strengthen this argument, 

the development of an assessment tool should include evidence from each of these 

categories.  In this framework, validity evidence related to scoring supports the 

assumption that scores derived using a proposed assessment tool are fair, accurate and 

reproducible.  Generalization provides evidence that sampled items from the assessment 

process are representative of all possible items within the universe of interest.  

Extrapolation extends the argument and provides evidence that the measured scores from 

the ‘test-world’ environment accurately predict performance in the real-world.  Finally, 

evidence related to the implications of performance helps define the consequences of 

assessment, both on the learner as well as others, impacted by the decisions.  Our study 

examines the usefulness of a variety of tools in the assessment of central venous 

catheterization.  

 Kane’s theory recommends that an examination of the evidence for validity begin 

with a clear statement of the proposed use of the assessment scores.  The upcoming 

transition to CBME necessitates that we develop tools with adequate psychometric 

properties to judge performance and assess resident competence in procedures such as 

CVC.   This study will help determine which assessment tools are more dependable and 

therefore should be utilized at our institution to assess performance in central line 
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insertion.  Scores derived from the chosen assessment tool will be used to determine 

competency in the procedure.   

 

2.7 Research questions  

2.7.1 Resident knowledge pertaining to CVC (Questions 1a and 1b) 

 1a. Does an educational intervention using a multimedia learning module, 

together with simulation based teaching, improve junior residents’ knowledge regarding 

the indications, the contraindications, the technique and the potential complications 

related to CVC as compared to a control group receiving the current educational format 

during an intensive care unit (ICU) rotation at our institution?   

 1b. Does an ICU rotation at our institution improve junior residents’ knowledge 

related to CVC regardless of the educational intervention? 

 

2.7.2 Resident competence performing CVC (Question 2) 

 2. Is there a difference in performance of CVC between junior residents trained 

using a multimedia learning module, together with simulation based teaching, and those 

receiving the standard educational format during an ICU rotation at our institution? 

 

2.7.3 Resident comfort and satisfaction regarding their educational experience 
(Questions 3a, 3b & 4) 

 3a. Is there a difference in self-reported comfort with CVC between junior 

residents trained using a multimedia learning module, together with simulation based 

teaching, and those receiving the standard educational format during an ICU rotation at 

our institution? 
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 3b. Does an ICU rotation at our institution improve junior residents’ comfort 

related to CVC regardless of the educational intervention? 

 4. Is there a difference in self-reported satisfaction with the overall educational 

experience between residents using a multimedia learning module, together with 

simulation based instruction using a procedural task trainer, and those receiving the 

standard educational format following an ICU rotation at our institution? 

 

2.7.4 Dependability of performance scores (Question 5) 

 5. What is the dependability of the scores derived from the performance 

assessment tools used in this study for decisions regarding resident competency in CVC? 
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Chapter Three:  Methods 

 This chapter describes the study design and methods used for data collection and 

analysis.  It begins with a general overview of the study design, setting and participants; 

presents a review of the procedures; provides the details for the outcome measures, and 

summarizes how they were administered and analyzed to answer the research questions.   

 

3.1 Basic study design 

With the purpose of improving CVC instruction of our medical residents and 

based on a review of the relevant medical education literature, there was a Departmental 

decision to adopt a new method of CVC instruction based on simulation and multimedia 

technology.  This decision implied discarding the traditional teaching modality, and 

switching all the residents simultaneously to the new teaching method once the 

instructional materials had been fully developed.  Under these circumstances it was 

impossible to assess the impact of the new method by conducting a truly experimental 

design involving two groups, which could have been randomly assigned to the old and 

new CVC instructional methods. The only option we had was to collect baseline data 

before implementing the new teaching modality; i.e.: enrolling residents in a “control’ 

group while they were still learning with the traditional CVC instructional method, and 

subsequently enrolling residents in an “intervention’ group once the new teaching method 

had been implemented.  

Based on the above, we used a quasi-experimental between-group pre-test post-

test design to assess the impact of the simulation-based educational program on the 

knowledge and confidence regarding central line insertion for junior residents rotating 
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through their first ICU rotation in our Department.  We assessed competence in CVC 

performance at the completion of the rotation, and examined the validity and 

dependability of the competence scores derived from several assessment tools used to 

judge competence in CVC.  See Fig. 3.1 for a graphical layout of the study design 
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Figure 3.1. Study design layout 

 



 

 19 

3.2 Methods  

3.2.1 Setting 

 The study was conducted within the ICU system of the Calgary Zone of Alberta 

Health Services (formerly Calgary Health Region).  At the time of this study, this zone 

served a population of approximately 1.14 million people.  Its catchment territory 

included southern Alberta as well as parts of British Columbia and Saskatchewan.  The 

region contained three multisystem ICUs containing a total of 48 beds.  Due to 

limitations related to the number of video cameras available for study, participants were 

enrolled from two regional ICUs at the Peter Lougheed Centre and Foothills Medical 

Centre.    

 

3.2.2 Participants 

 Residents from nearly all postgraduate training programs at the University of 

Calgary rotated through one of these intensive care units during their first three years of 

residency training.  Prior to the initiation of the study, based on the annual clinical 

schedule for the ICUs, we expected to recruit between 25 and 30 residents into each 

group.  To be included in the study, participants had to be residents commencing their 

first intensive care unit rotation.  Medical students, senior residents, and residents who 

had previously completed an ICU rotation, were absent on the first day of the rotation or 

were scheduled as elective rotations from outside centres, were excluded from the study. 

 All junior residents who met the inclusion criteria at the Peter Lougheed Centre or 

Foothills Medical Centre were invited to participate in the study.  Written informed 

consent was required prior to enrollment.  The first group of students enrolled in the 



 

 20 

study prior to the implementation of the new teaching method served as “controls” and 

provided baseline data for further comparisons.  A second group of students enrolled 

upon implementation of the new instructional method constituted the “intervention” 

group.  Due to the time required to develop and implement the multimedia learning 

module, a delay occurred between the completion of enrolment and data collection for the 

control group and initiation of enrollment and data collection for the intervention group.   

 

3.3 Procedure  

 Participants included in the control group completed a short-answer written exam 

prior to the start of their clinical rotation in the ICU to assess for baseline knowledge 

related to CVC (Appendix A).  During their rotation, they received usual instruction on 

the procedure, which included a didactic educational session at the start of their rotation 

and opportunities for CVC with supervision that arose during their rotation.  At the end of 

their clinical rotation, the residents completed a post-rotation short-answer written 

examination to assess for changes in knowledge related to CVC (Appendix B).  To 

demonstrate their proficiency in CVC, they were asked to perform the procedure on a 

task trainer mannequin at the internal jugular (IJ) and the subclavian site.  Their 

performance was videotaped and subsequently scored by three independent raters using 

four assessment tools specifically designed for this purpose (Appendices C-F).  Finally, 

the residents completed an exit survey to rate their comfort with the procedure and 

evaluate their educational experience (Appendix G).  

 The intervention group received a one-hour hands-on, simulation-based teaching 

session demonstrating CVC on the first day of their ICU.  At the time of the study, 
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ultrasound guidance was not routinely utilized for CVC at our institution.  For this 

reason, the residents were taught to perform the procedure without the use of ultrasound.  

This simulation-based teaching session took place prior to patient contact.  These 

residents were also introduced to a newly developed multimedia learning module.  This 

module was designed to provide residents with a standardized approach to CVC, which 

supplemented the hands-on learning by integrating narrated text together with images and 

video for each step of the procedure.  The module was available to all study participants 

through the regional internal web server and via an external link.  Residents were 

encouraged to utilize this module during their rotation to refine their procedural 

technique. 

 The assessment measures for the intervention group were similar to the control 

group.  Residents in the intervention group completed a pre- and post-rotation short-

answer written exam, were videotaped performing CVC at the internal jugular and 

subclavian site, and completed the exit survey.  The residents were supervised during 

their written examination to ensure the assessment process was rigorously conducted.  

The video recorded data were digitally transferred to compact disc for analysis.  All of 

the research records were securely stored in a locked cabinet at an office at the Peter 

Lougheed Centre.  All data were kept in a secured office inaccessible to others.  

Electronic records were kept on a password protected computer with data encryption.  

Only the investigator of the study had access to this data. 
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3.4 Outcome measures 

 The research questions for this study were addressed using several outcome 

measures.  This section presents the links between the research study questions and the 

methods used to address them.  

 

3.4.1 Research questions 1a & 1b: Resident knowledge pertaining to CVC 

 Two 15 question short-answer written exams (to be completed pre-and post-

rotation) were developed to assess resident cognitive knowledge pertaining to the 

indications, contraindications, technique and complications related to central venous 

catheter insertion (Appendices A & B).  They were created by two medical experts and 

developed to be similar in content, structure and level of difficulty.  Content contained in 

these exams was explicitly reviewed during the educational intervention and was clearly 

described in the multimedia module.  

 Three expert raters established explicit criteria relating to the answer key and the 

relative weighting of scores.  Each question in the written exam was weighted equally for 

the purpose of assessment, regardless of the number of responses required for a given 

question.  Following exam completion by the residents, the raters felt that one question 

from each of the exams was unclear and it was removed from the exam scoring.  The 

total maximum score for each of the exams was 14.  A clearly defined pass/fail criterion 

(cut-score) was developed by the raters for each exam using the modified Angoff 

method.(98)  The written exams were scored by three independent expert raters who were 

blinded to residents’ identity and group assignment.  Three raters were chosen to allow 
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for a majority consensus in the event of scoring discrepancies.  All resident exams were 

scored independently by all three raters. 

 

3.4.2  Research question 2: Resident competence performing CVC   

 To assess competence in performing CVC, the residents were videotaped 

performing right-sided internal jugular and right-sided subclavian CVC on the task 

trainers at the end of their rotation.  Due to practical issues related to manpower, room 

availability and conflicts with other resident academic priorities of their rotation, we were 

unable to assess pre-rotation competence in CVC.   

The performance of each resident was reviewed by three raters, using four 

competency-based assessment tools.  The raters were blinded to residents’ identity and 

group assignment.  All residents were scored by all raters using all four tools.  The 

assessment tools were created a-priori by the raters and piloted on three randomly 

selected video recordings to ensure that they were appropriate for data collection.  The 

relevant content, answer key, relative weighting of scores, and pass/fail criterion was 

defined by the expert opinion of the raters.  Cut-scores were calculated by the raters for 

each of the competence assessment tools.  Central line insertion was performed by the 

raters at the internal jugular and subclavian site on the task trainers to verify authenticity 

of the assessment environment.  

 

3.4.2.1 Competence tool #1 – Checklist 

 An itemized checklist was designed to assess performance of nine key steps 

related to the CVC (Appendix C).  Each step in the checklist was weighted equally.  All 
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residents received a mark for each step they performed correctly.  The maximum score 

possible for this tool was nine.  

 The checklist was used by one rater to measure time to cannulation and number of 

passes with the needle for each resident.  Since these measurements are discrete and 

objectively quantified, they were assessed by a single rater.  Time to cannulation 

(measured in seconds) was defined as the time from which the 14g steel needle or 

angiocatheter entered the skin, until the time that the central venous catheter was fully 

inserted into the vein.  A needle pass was defined as a movement where the resident 

advanced the needle towards the vein.  An additional pass was counted if the resident 

withdrew the needle back to the level of the skin after missing the target vein and then 

performed another attempt at localizing the vein.  The total time to cannulation and 

number of needle passes was recorded for all residents.  

 

3.4.2.2 Competence tool #2 – Critical error tool 

 A critical error tool was designed to identify significant errors that occur during 

the procedure (Appendix D).  The raters defined a total of six types of potential critical 

errors, which were weighted equally.  Residents were scored for each critical error that 

was made during their CVC.  The maximum score possible for this tool (worst score) was 

six.  
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3.4.2.3 Competence tool #3 – Objective Structured Assessment for Technical Skills 

(OSATS)   

 The OSATS is a global rating scale widely used in the assessment of technical 

skills. (17, 18, 86, 99)  A modified OSATS (Appendix E) was developed to assess five 

distinct domains specifically related to the technical components of CVC.  Competency 

in each domain was scored using a 4-point Likert scale.  All domains were weighted 

equally.  The residents’ score on the tool was defined as the total score for all domains.  

The maximum score possible for this tool was 20, which represented optimum technical 

competency.   

 

3.4.2.4 Competence tool #4 – Modified Ottawa Surgical Competency Operating Room 

Evaluation (O-SCORE) 

 The final scoring tool used in this study was a modified O-SCORE (Appendix 

F).(14, 20)  This was a 5-point global-rating scale used to assess performance along a 

competence continuum.  The behaviours anchored in the scale mirrored practical 

decisions regarding graded supervision and progression of independence for procedural 

skills training in a CBME framework.  The maximum score possible for this tool was 

five.   
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3.4.3 Research questions 3a, 3b & 4: Resident comfort and satisfaction regarding their 

educational experience  

 An exit survey was developed to assess resident self-perceived comfort with 

CVC, and satisfaction with their educational experience during the ICU rotation 

(Appendix G).  This survey included six items designed to capture standard demographic 

information such as residency training specialty, year of training, gender, age, and 

educational experiences related to CVC prior to their ICU rotation.  In addition, a 5-point 

Likert scale (1=Strongly Disagree to 5=Strongly Agree) composed of nine items 

aggregated into 4 sub-scales was developed to measure:  

1) Resident self-perceived comfort with performing CVC before their rotation 

(subscale items 1 and 2); minimum/maximum scores possible were 2/10, where 

two indicated minimum, and 10 maximum comfort with the procedure. 

2) Resident self-perceived comfort with performing CVC after their rotation 

(subscale items 3 and 4); minimum/maximum scores possible were 2/10, where 

two indicated minimum, and 10 maximum comfort with the procedure. 

3) Resident perception of knowledge gained in the rotation (subscale items 6, 7, and 

8); minimum/maximum scores possible were 3/15, where 3 indicated minimum 

and 15 maximum knowledge gain. 

4) Quality of the rotation (subscale items 5 and 9); minimum/maximum scores 

possible were 2/10, where 2 indicated poor quality of the rotation, and 10 good 

quality of the rotation. 
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3.4.4 Research question 5: Dependability of the assessment tools 

 Generalizability theory (G-theory) was used to determine the dependability of the 

residents’ scores on the written examinations as well as the four competency assessment 

tools.(100)  G-theory was used to estimate the relative contribution of resident 

performance (our measure of interest for each test) to the test scores, as compared to the 

contribution from measurement error.  Our objects of interest were the participants (p), 

and the potential sources of measurement error included the raters (r); the items (i); and 

the interactions between raters-items, raters-participants, item-participants, and items-

raters-participants. A two-facet, fully-crossed design was used; i.e.: each participant (p) 

was examined by each rater (r) on each exam item (i). 

The test scores were used in an absolute manner (i.e.: a cut-score based on a 

standard was used for decision making); therefore, a Dependability coefficient (F) was 

calculated.  This coefficient ranges from 0 to 1.0 and provides a measure of the extent to 

which score consistency is affected by absolute error (100).  A F greater than 0.8 is 

generally considered adequate for high-stakes assessment such as licensing 

examinations.(101)  For the purpose of our assessment, we elected to accept a lower 

threshold of 0.7, which is generally considered adequate for lower-stakes resident 

assessments such as that performed in this study.(102, 103)  The G-Study was followed 

by a Decision study (D).   This enabled us to estimate changes in the dependability of the 

scores as a result of increasing/decreasing the number of raters, and/or exam items; 

thereby, maximizing the dependability of the results obtained under a variety of 

conditions.   
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3.5 Data analysis 

 The data were analyzed using SPSS® statistical software for descriptive and 

inferential statistics.  Scores from the written examinations and the performance 

assessment tools were treated as continuous data.  See Table 3.1 for a summary outlining 

how the tools were utilized to address each research question and how the data were 

analyzed. 

 Demographic data from the survey was used to portrait the sample.  Descriptive 

statistics included mode scores, means, standard deviations (SDs), frequencies and 

percentages. The choice of descriptors was dependent on the type of data (e.g.: 

categorical vs. continuous).   Repeated measures analyses were used to compare pre- vs. 

post-rotation results.  Independent samples t-tests and Chi Squared (X2) analyses were 

conducted to test for between-group differences where appropriate.  Paired samples t-

tests were performed to assess the change pre-post ICU rotation for all residents, 

regardless of their group.  Generalizability theory (G-theory) was used to determine the 

dependability of the scores from the assessment tools.  A Decision study (D-study) was 

performed to predict changes in dependability under a variety of conditions.       
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Table 3.1 Summary of research questions, tests applied and data analysis 

Research 
Question 

 
Domain Data Statistical Analyses 

1a 
Between group 

knowledge 
differences 

Post-rotation written 
examinations 

• Independent 
samples t-test 

• G-study (F) 

1b 

Individual 
differences in 

knowledge pre-post 
ICU rotation 

Pre-vs post-rotation 
written examinations 

• Paired samples t-
test 

• Cohen’s d 

2 
Performance 

assessment of CVC 
insertion 

Checklist  
 
 
 

• Independent 
samples t-test 

• X2 analysis 
• G-study (F)  

Critical error tool 
 

• Independent 
samples t-test 

• X2 analysis 
• G-study (F) 

OSATS 
 

• Independent 
samples t-test 

• X2 analysis 
• G-study (F)  

O-SCORE 
 

• Independent 
samples t-test 

• X2 analysis 
• G-study (F) 

Differences in number of 
needle attempts between 

groups 

• Independent 
samples t-test 

Differences in time to 
cannulation between 

groups 

• Independent 
samples t-test 

3 & 4 Resident satisfaction 
and comfort Survey scores 

• Descriptive 
analysis 

• Independent 
samples t-test 
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• Paired samples t-
test 

• Cohen’s d 

5 Dependability of 
performance tools 

Performance assessment 
tools 

• G-study (F) 
• Decision-study 

(D) 
 

3.6 Validity evidence  

 As we transition to CBME, tools with good psychometric properties must be 

developed to ensure valid and reliable decisions about resident performance are made.  

Our work also included the development of an argument for validity as the results of the 

study were intended to provide information to help design an assessment process for 

central line insertion in junior residents rotating through the ICUs at our institutions.  To 

support this argument, the study was planned to provide evidence related to each of the 

four validity categories defined by Kane.(96, 97)  These categories include evidence for 

scoring, extrapolation, generalization and implication.  

 

3.7 Ethics approval 

 This study was reviewed and approved by the University of Calgary Conjoint 

Health Research Ethics Board. Study ID number REB16-1035. 
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Chapter Four: Results 

 This chapter presents the results of this study in 5 sections: 1) Participants’ 

demographic characteristics and prior central venous catheterization experience; 2) 

Knowledge acquisition and change; 3) Competency achievement; 4) Exit Survey Results 

(Residents’ self-perceived comfort and confidence with central venous catheterization, 

perceived gain in knowledge, and satisfaction with the rotation); and 5) Dependability of 

the performance scores. 

 

4.1 Participants’ demographic characteristics and prior CVC experience  

 Eighty junior residents rotated through the ICUs at either the Peter Lougheed 

Centre or Foothills Medical Centre within the Calgary Zone of Alberta Health Services 

between July 31, 2006 and March 9, 2007.  Forty-four of these residents met our 

inclusion criteria and were invited to participate in the study.  Twenty-seven residents 

agreed to participate and provided informed consent.  These 27 residents comprise the 

control group.  

 Forty-seven residents rotated through the intensive care units at either the Peter 

Lougheed Centre or Foothills Medical Centre within the Calgary Zone of Alberta Health 

Services between November 17, 2008 and April 3, 2009.  Thirty-three of those residents 

met our inclusion criteria and were invited to participate in the study.  Twenty-eight 

residents agreed to participate and provided informed consent.  These 28 residents 

comprise the intervention group. A total of 55 residents participated in the study (Figure 

4.1). 
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Figure 4.1 Study enrollment 

 

  

 The frequencies (percentages) of residents in the different training programs, 

years of training and gender for each of the study groups are presented in Table 4.1.  A 

summary of participants’ self-reported prior central venous catheter insertion experience 

is presented in Table 4.2.  
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Table 4.1 Baseline demographic information by study group 

Demographic Information Control (n=27) Intervention (n=28) Total (n=55) 
  Frequency (%) Frequency (%) Frequency (%) 

Training Program    
     FM Urban 9 (33.3) 11 (39.3) 20 (36) 
     Internal Medicine 4 (14.8) 4 (14.3) 8 (14) 
     FM Rural 4 (14.8) 3 (10.7) 7 (13) 

Anesthesia 3 (11.1) 2 (7.1) 5 (9) 
Orthopedic Surgery 0 (0.0) 4 (14.3) 4 (7) 
General Surgery 1 (3.7) 2 (7.1) 3 (5) 
Otolaryngology 1 (3.7) 1 (3.6) 2 (4) 
Neurology 2 (7.4) 0 (0.0) 2 (4) 
Emergency Medicine 1 (3.7) 0 (0.0) 1 (2) 
Neurosurgery 1 (3.7) 0 (0.0) 1 (2) 
Missing 1 (3.7) 0 (0.0) 1 (2) 
Other 0 (0.0) 1 (3.6) 1 (2) 

     
Year of Training    

PGY 1 0 (0.0) 5 (17.9) 5 (9) 
PGY 2 23 (85.2) 22 (78.6) 45 (82) 
PGY 3 3 (11.1) 1 (3.6) 4 (7) 
Missing 1 (3.7) 0 (0.0) 1 (2) 

    
Gender    

Female 13 (48.1) 16 (57.1) 29 (53) 
Male 13 (48.1) 12 (42.9) 25 (45) 
Missing 1 (3.7) 0 (0.0) 1 (2) 

 

Table 4.2 Frequency of self-reported prior CVC experience by study group 

Number of CVCs Done 
Prior to the Rotation Control (n=27) Intervention (n=28) Total (n=55) 

  Frequency (%) Frequency (%) Frequency (%) 
0 17 (63.0) 15 (53.6) 32 (58) 
1-5 5 (18.5) 8 (28.6) 13 (25) 
6-10 1 (3.7) 3 (10.7) 4 (7) 
>10 3 (11.1) 1 (3.6) 4 (7) 
Did not respond 1 (3.7) 1 (3.6) 2 (4) 
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4.2 Knowledge acquisition and change 

 This section presents the differences in mean knowledge scores between the two 

groups pre-and post-intervention, and changes in knowledge for all participants pre-post 

intervention. 

 

4.2.1 Knowledge acquisition 

The mean (SD) scores on the pre-rotation written examination were 6.9 (2.3) in 

the control group, and 7.6 (2.6) in the intervention group. This difference was not 

statistically significant, t(52) = -1.028, p= .31.  The mean (SD) scores on the post-rotation 

written examination were 8.6 (1.7) in the control group, and 8.8 (1.6) in the intervention 

group.  This difference was not statistically significant, t(52) = 0.474, p = .64.   

Cut-scores for pre/post rotation written exams were 5.6 and 5.6 respectively.  

There were no statistically significant differences in the proportion of residents who 

passed the knowledge examination either pre-or post-rotation between the study groups. 

(Table 4.3).  

 

Table 4.3 Between group comparison on written examination passing scores 

Written 
Examination Cut-Score Control Group 

(%) 
Intervention Group 

(%) p 

Pre-Rotation 
(n=27) 5.53 17 (63%) 21 (78%) .23* 

Post-Rotation 
(n=26) 5.60 25 (96%) 26 (93%) .53** 

*X2(1, N = 54) = 1.42, p = .23 
** X2(1, N = 54) = 0.28, p = .53 
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4.2.2 Change in knowledge 

 Since there was no significant difference in knowledge acquisition pertaining to 

CVC between the two groups before or after the rotation the ‘change in knowledge’ 

analysis was done for all residents together, regardless of their study group. The mean 

scores pre-post rotation scores on the written examination of all residents were compared 

using paired samples t-tests.  The overall (n=52) mean (SD) scores pre and post rotation 

on the knowledge written exam were 7.2 (2.5); and 8.7 (1.7) respectively.  The increase 

in knowledge scores post-rotation was statistically significant, t(52) = -4.46, p <.001.  To 

provide a quantitative measurement of the magnitude of the effect of the intervention, a 

Cohen’s d effect size was calculated.  Effect sizes were interpreted as small (<0.5), 

moderate (.6-.8) and large (>.9).(104)  The Cohen’s d effect size was moderate (.66).   

 

4.3 Competency achievement 

 This section presents the results of resident performance on internal jugular and 

subclavian CVC for each of the four performance assessment tools (checklist, critical 

error tool, OSATS tool, and O-SCORE tool), including time to catheterization and 

number of attempts made by each resident to perform CVC at each catheterization site.  

The differences in performance scores between groups are presented separately for each 

tool.   

 

4.3.1 Checklist 

 At the internal jugular catheterization site, the mean (SD) scores were 7.2 (1.5) in 

the control group, and 7.2 (1.8) in the intervention group.  This difference was not 
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statistically significant, t(51) = 0.52, p = .89.  At the subclavian site, the mean (SD) 

scores were 7.3 (2.1) in the control group, and 8.0 (1.4) in the intervention group.  This 

difference was not statistically significant, t(52) = -1.37, p = .18. 

 A cut-score of 4.4 was determined for this checklist tool.  There was no 

statistically significant difference between groups in the proportion of residents who 

passed using any of the competency assessment tools at either the internal jugular (Table 

4.4) or the subclavian catheterization sites (Table 4.5). 

 

Table 4.4 Between group comparison on frequency of residents with passing scores 
at the internal jugular catheterization site for all performance tools  

Tool 

Cut 
Score/Max 

Score 
Possible 

Control 
Group 

Frequency 
(%) 

Intervention 
Group 

Frequency 
(%) 

p 

Checklist 4.40/9 24 (92) 24 (89) .52* 

Critical Error Tool 0/6 6 (23) 4 (15) .50** 
OSATS  15/20 10 (38) 7 (27) .33*** 
O-SCORE  5/5 3 (12) 2 (8) .48**** 

*X2(1, N = 53) = .181, p = .52 
**X (1, N = 53) = .591, p = .50 
***X2(1, N = 53) = .955, p = .33 
****X2(1, N = 53) = .265, p = .48 
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Table 4.5 Between group comparison on frequency of residents with passing scores 
at the subclavian catheterization site for all performance tools   

Tool 

Cut 
Score/Max 

Score 
Possible 

Control 
Group 

Frequency 
(%) 

Intervention 
Group 

Frequency 
(%) 

p 

Checklist 4.40/9 23 (88) 28 (100) .11* 

Critical Error Tool 0/6 5 (19) 8 (31) .42** 
OSATS  15/20 13 (52) 19 (68) .24*** 
O-SCORE  5/5 2 (8) 4 (14) .39**** 

*X2 (1, N = 53) = 3.421, p = .11 
**X2 (1, N = 53) = .644, p = .42 
***X2 (1, N = 53) = 1.388, p = .24 
****X2 (1, N = 53) = .520, p = .39 
 

4.3.2 Critical error tool 

 At the internal jugular catheterization site, the mean (SD) scores were 1.1 (1.2) in 

the control group, and 1.3 (1.2) in the intervention group.  This difference was not 

statistically significant, t(51) = -0.68, p = .50.  At the subclavian site, the mean (SD) 

scores were 1.0 (1.2) in the control group, and 0.8 (0.8) in the intervention group. This 

difference was not statistically significant, t(52) = 1.02, p = .31.  

 Ideally, no critical errors should occur; therefore, the cut-score for this tool was 

determined to be 0.  There was no statistically significant difference between groups in 

the proportion of residents committing at least one critical error at either site (Tables 4.4 

& 4.5).  The proportion of critical errors from each category, committed at each 

catheterization site, is summarized in Table 4.6.  
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Table 4.6 Frequency of critical errors by catheterization site 

Critical Error Type Internal Jugular 
Frequency (%)  

Subclavian 
Frequency (%)  

Mishandling of Needle 23 (43.4) 18 (33.3) 

Inadequate Sterile Technique 17 (32.1) 10 (18.6) 
Inadquate Flushing 7 (13.2) 5 (9.3) 
Mishandling of Wire 5 (9.4) 3 (5.6) 

 

4.3.3 OSATS  

 At the internal jugular site, the mean (SD) scores were 13.6 (4.6) in the control 

group, and 12.8 (3.9) in the intervention group.  This difference was not statistically 

significant, t(51) = -0.69, p = .49.  At the subclavian site, the mean (SD) scores were 14.9 

(3.4) in the control group, and 15.9 (3.4) in the intervention group.  This difference was 

not statistically significant, t(52) = -1.07, p = .29.   

 A cut-score of 15 was determined for this assessment tool.  There was no 

statistically significant difference between groups on the proportion of residents who 

passed at either the internal jugular (Table 4.4) or the subclavian catheterization site 

(Table 4.5). 

 

4.3.4 O-SCORE  

 At the internal jugular site, the mean (SD) scores were 3.2 (1.3) in the control 

group, and 3.0 (1.1) in the intervention group.  This difference was not statistically 

significant, t(51) = 0.59, p = .56.  At the subclavian site, the mean (SD) scores were 3.5 

(1.1) in the control group, and 3.8 (1.0) in the intervention group.  This difference was 

not statistically significant, t(52) = -0.88, p = .38.   
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 Since a score of 5 on this tool represented optimum competence in central venous 

catheterization, the cut-score for the O-SCORE tool was determined to be 5.  There was 

no statistically significant difference between groups in the proportion of residents who 

passed at either the internal jugular (Table 4.4) or the subclavian catheterization site 

(Table 4.5).  

 

4.3.5 Time to cannulation and number of attempts 

 The time to cannulation and number of attempts for cannulation were not 

measured for residents who were unable to cannulate the vessel and/or requested 

assistance from the instructor to locate the target vessel during the procedure.  Forty-two 

residents were included for analysis at the internal jugular site, and forty-nine residents 

for the subclavian catheterization site.   

 The mean (SD) time to cannulation (measured in seconds) and mean (SD) number 

of attempts for cannulation for the study groups at each catheterization site are 

summarized in Table 4.7.    
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Table 4.7 Between group comparison of time to insertion and number of attempts at 
cannulation by catheterization site 

Site Control Group 
M (SD) 

Intervention 
Group M (SD) p 

Internal Jugular    

     Time (s) 285.04 (214.47) 318.56 (176.96) .59* 
     # Attempts 6.22 (11.74) 13 (52) .87** 
Subclavian    

     Time 238.57 (105.97) 190.46 (88.84) .09*** 

     # Attempts 5.13 (5.22) 3.00 (6.24) .20**** 
* t (40) = .610, p=.593 
** t (39) = -1.64, p=.87 
*** t (47) = 1.728, p=.09 
**** t (49) = -1.30, p=.20 
 
 
4.4 Exit survey results 

 This section presents the results of the resident exit survey.  Differences in survey 

scores between groups are presented for each of the individual survey items as well as the 

4 predefined subscales; 1. Residents’ self-perceived comfort with performing CVC 

before and 2. Residents’ self-perceived comfort with performing CVC after their ICU 

rotation; 3. Perception of knowledge gained in the rotation; and 4. Perception of the 

quality of the rotation. 

 

4.4.1 Survey responses 

 Fifty-four residents (98.18%) completed the exit survey.  The overall (n=54) 

mean (SD) scores, the range of scores and the minimum/maximum score for the nine 

survey items are presented in Table 4.8.   
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Table 4.8 Summary descriptives for survey responses 

Survey Question Mean (SD) Range Min Max 

Prior to this rotation, I felt comfortable 
inserting a central venous catheter 
under direct supervision 

2.78 (1.53) 4.00 1.00 5.00 

Prior to this rotation, I felt comfortable 
inserting a central venous catheter 
without direct supervision 

1.89 (1.24) 4.00 1.00 5.00 

Following this ICU rotation, I feel 
comfortable inserting a central venous 
catheter under direct supervision 

4.69 (58) 2.00 3.00 5.00 

Following this ICU rotation, I feel 
comfortable inserting a central venous 
catheter without direct supervision 

3.85 (1.11) 4.00 1.00 5.00 

I feel my training in central venous 
catheter insertion during this rotation 
was adequate 

3.94 (1.05) 4.00 1.00 5.00 

I understand the indications for central 
venous catheter insertion 4.04 (.80) 3.00 2.00 5.00 

I understand the contra-indications for 
central venous catheter insertion 3.50 (1.00) 3.00 2.00 5.00 

I understand the potential 
complications of central venous 
catheter insertion 

3.93 (.80) 3.00 2.00 5.00 

I achieved the clinical objectives 
pertaining to central venous catheter 
insertion during this rotation 

3.50 (1.11) 4.00 1.00 5.00 

 

4.4.2  Between groups differences  

 Table 4.9 presents a summary of comparisons between groups in survey responses 

relating to comfort with CVC pre- and post-rotation, their perceived knowledge gained 

during the rotation and their perceived quality of the rotation.  There were no significant 

differences between the groups in residents’ self-perceived comfort with CVC insertion 

before or after the rotation. There was a statistically significant difference in perceived 
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knowledge gain between the groups; the residents in the intervention group perceived 

greater knowledge acquisition as a result of the rotation than those in the control group. 

Likewise, the residents in the intervention group rated significantly higher the quality of 

the rotation than those in the control group. 

 

Table 4.9 Subscale survey responses - Comparisons between groups 

Survey Subscale 
Control Group 

Mean (SD) 
n = 26 

Intervention Group 
Mean (SD)  

n = 28 
p 

Comfort with CVC Insertion 
Pre-Rotation 4.34* (2.76) 4.96 (2.47) .39 

Comfort with CVC Insertion 
Post-Rotation 8.42* (1.75) 8.64 (1.34) .61 

Perceived CVC Knowledge 
Gained during Rotation 10.63** (2.47) 12.12 (2.23) .02 

Perceived Quality of Rotation 6.71** (2.19) 8.10 (1.45) .01 

*Maximum score possible = 10 points 
**Maximum score possible = 15 points 
 

 

4.4.3  Change in comfort    

 Since there was no significant difference in comfort pertaining to CVC between 

the two groups before or after the rotation the ‘change in comfort’ analysis was done for 

all residents together, regardless of their study group.  The mean scores pre-post rotation 

scores on the written examination of all residents were compared using paired samples t-

tests.  The overall (n=54) mean (SD) scores pre-post rotation on the comfort performing 
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CVC without direct supervision pre- and post-rotation were 1.9 (1.2); and 3.9 (1.1) 

respectively.  The increase in comfort scores post-rotation was statistically significant, 

t(53) = -10.95, p <.001.  To provide a quantitative measurement of the magnitude of the 

effect of this intervention, a Cohen’s d effect size was calculated.  The Cohen’s d effect 

size was large (1.74).  Stated another way, a total of 14.9% of all residents responded that 

they agreed or strongly agreed with the statement that they felt comfortable inserting a 

CVC without direct supervision prior to the rotation.  After the rotation, 72.2% of 

residents felt comfortable inserting a CVC without direct supervision. 

 

4.5 Dependability of the performance scores 

 This section presents the results of the variance component analyses and 

generalizability study of the assessment scores (knowledge and competence) as well as 

the results of the Decision study.   

 

4.5.1 Variance component analysis 

 The relative proportion of variance explained by each of the variance components 

was calculated for each of the assessment tools.  Sources of variance in this study were 

participants, raters, items, and all the interactions between them.  Tables 4.11 and 4.12 

summarize the sources of variance for the pre- and post-rotation written examinations.  

The largest source of variance for the both written examinations was the participant-by-

item interaction (pre-rotation = 62.81%; post-rotation = 58.86%).   
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Table 4.10 Pre-rotation written examination variance components  

Source of 
Variation df Mean 

Squares 
Variance 

Components 

Variance 
Explained 

(%) 

     
Participants (p) 53 1.297 0.022 11.06 
Raters (r) 2 .075 0.000 0.00 
Items (i) 13 5.917 0.034 17.09 
p x r 106 .014 0.000 0.00 
p x i 689 .392 0.125 62.81 
r x i 26 .052 0.001 0.50 
pri, e 1378  0.017 8.54 
Total    100.00 
 

Table 4.11 Post-rotation written examination variance component   

Source of 
Variation df Mean Squares Variance 

Components 

Variance 
Explained 

(%) 

     
Participants (p) 53 .624 0.007 4.00 
Raters (r) 2 .095 0.000 0.00 
Items (i) 13 7.023 0.041 23.43 
p x r 106 .025 0.000 0.00 
p x i 689 .331 0.103 58.86 
r x i 26 .101 0.001 0.57 
pri, e 1378 .023 0.023 13.14 
Total    100.00 
 

 Similar calculations were performed for each of the performance tools at each 

anatomical site (Appendix H).  A summary of the variance components from each 

assessment tool at the internal jugular site is provided in Table 4.13.  The percentage of 
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variance explained for each component by assessment tool at the subclavian site is 

summarized in Table 4.14. 

 

Table 4.12 Percentage of variance explained for each component by performance 
assessment tool – Internal jugular site  

Source of 
Variation 

Checklist 
(%) 

Critical Error 
(%) 

OSATS 
(%) 

O-SCORE 
(%) 

     
Participants (p) 11.36 13.30 58.54 65.49 
Raters (r) 1.14 1.60 1.49 2.99 
Items (i) 6.25 11.70 0.00 N/A 
p x r 1.70 1.59 16.16 N/A 
p x i 26.14 21.81 4.02 N/A 
r x i 0.57 1.06 1.12 N/A 
pri, e 52.84 48.94 18.67 N/A 
pr, e    31.52 
Total    100.00 
 

Table 4.13 Percentage of variance explained for each component by performance 
assessment tool – Subclavian site  

Source of 
Variation 

Checklist 
(%) 

Critical Error 
(%) 

OSATS 
(%) 

O-SCORE 
(%) 

Participants (p) 12.59 14.79 42.82 54.20 
Raters (r) 0.74 0.70 1.74 2.48 
Items (i) 2.22 5.63 0.00 N/A 
p x r 3.71 0.00 26.50 N/A 
p x i 27.41 19.72 4.17 N/A 
r x i 2.96 2.82 0.81 N/A 
pri, e 50.37 56.34 23.96 N/A 
pr, e    43.32 
Total    100.00 
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4.5.2 Dependability coefficient calculation  

 A summary of the calculated Dependability coefficients (F) and standard errors 

of measurement (SEM) for each of the assessment tools is summarized in Table 4.15.  

 

Table 4.14 Dependability coefficients and standard errors of measurement (SEM) 
for all assessment tools  

Assessment Tool F SEM 

Pre-Rotation Written Exam .65 .11 
Post-Rotation Written Exam .39 .10 
Checklist Tool   
     Internal Jugular .64 .11 
     Subclavian .65 .10 
Critical Error Tool   
     Internal Jugular .59 .13 
     Subclavian .66 .10 
OSATS Tool   
     Internal Jugular .88 .29 
     Sublavian .78 .32 
O-SCORE Tool   
     Internal Jugular .85 .45 
     Subclavian .78 .50 
 

4.5.3 Decision study  

 The Decision study was performed to identify potential strategies for improving 

the dependability of the scores from each of the assessment tools, while optimizing 

efficiency of the testing environment.  For this study, we set a Dependability coefficient 

(F) threshold of 0.7, which is considered acceptable for low stakes examinations such as 
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the one in this study.(101)  The impact of increasing/decreasing the number of raters or 

items on each of the assessment tools is summarized in Table 4.16.  To meet this 

threshold for the pre-rotation written examination, we determined that we would need to 

add a substantial number of additional items to our examination.  Increasing the number 

of raters would have no meaningful effect on F.  Since F for the post-rotation written 

examination was only .39, we would require substantially more items or raters to elevate 

F above our threshold.  

 Both the checklist and critical error tool could be improved to meet our threshold, 

but would require a substantial increase in the number of items.  For the internal jugular 

site, this would mean adding at least four items to the checklist and more than four items 

to the critical error tool.  For the subclavian site, it would require adding at least three 

items to the checklist and two to the critical error tool.   

 Because F for the OSATS and O-SCORE tools exceeded the acceptable 

dependability threshold, we looked to identify ways to improve efficiency while 

maintaining F within acceptable limits.  For the IJ site, the Decision study (D) revealed 

that we could maintain our dependability threshold for the OSATS tool by eliminating 

two raters or alternatively, by decreasing the number of items to as little as one item.  For 

the Subclavian site, we could achieve a similar F for the O-SCORE, OSATS or the O-

SCORE tool by removing one rater. 
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Table 4.15 Summary – Decision study  

Exam F -2 
Raters 

-1 
Rater 

+ 1 
Rater 

+1 
Item 

+2 
Items 

+3 
Items 

Pre-Rotation Written Exam .65 .65 .65 .65 .67 .68 .69 
Post-Rotation Written Exam .39 .37 .39 .40 .41 .42 .45 
Checklist Tool - IJ .64 .48 .59 .66 .66 .67 .69 
Checklist Tool - SC .65 .48 .60 .68 .67 .68 .70 
Critical Error Tool - IJ .59 .44 .54 .62 .62 .64 .67 
Critical Error Tool - SC .66 .50 .61 .68 .69 .72 .74 
OSATS Tool - IJ .88 .72 .83 .90 .88 .89 .89 
OSATS Tool – SC .78 .56 .71 .82 .79 .79 .80 
O-SCORE Tool - IJ .85 .65 .79 .88 - - - 
O-SCORE Tool – SC .78 .54 .70 .83 - - - 
 

 

4.6 Validity evidence 

 Evidence for scoring validity was provided by a number of ways.  The written 

exams were created by two medical experts and were developed to be similar in content, 

structure and level of difficulty.  Three expert raters established explicit criteria relating 

to the answer key and the relative weighting of scores on these written exams.  The 

exams’ content was reviewed with the residents during the educational intervention and 

they were oriented to the multimedia module to prepare for their assessment.  All 

residents were informed of the assessment process for each step of the study.  

Additionally, the four competency assessment tools were created a-priori by three expert 

raters and piloted on several randomly selected video recordings to ensure they were 

appropriate for data collection.  For each tool, expert opinion from the raters was utilized 

to define the relevant content, create the answer key, and identify the relative weighting 
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of scores.  All residents were scored by all raters using all four performance assessment 

tools.  Furthermore, the quality assurance processes outlined above were adhered to 

throughout the study.  

 Evidence of extrapolation validity was provided by requiring the three expert 

raters to independently perform CVC at the internal jugular and subclavian site on the 

task trainers to verify authenticity of the assessment environment.  In addition, surrogate 

measures of competence (time to cannulation, number of attempts) were analyzed to 

further assess resident performance, our construct of interest.  

 Evidence of generalization validity was provided through the G-study to assess 

the dependability of the scores derived from the written and performance assessment 

tools. 

 Evidence of implications validity was provided through the development of 

distinct pass/fail criterion for each of the assessment tools.  This process was established 

in an attempt to align the methodology of the study with our validity argument.  See 

Table 4.17 for a summary of the evidence to support our validity argument. 
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Table 4.16 Specific evidence to support our validity argument 

Category of Validity Evidence 
 Evidence Provided 

Scoring 

Items and response option selection 
Scoring rubric 
Rater selection 
Rater training 

Data security and integrity 

Extrapolation 

Construct definition 
Authenticity of simulation fidelity 

Correlation with surrogate performance 
measure 

Generalization Generalizability analysis 

Implication Pass/Fail standard  
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Chapter Five: Discussion and Conclusions  

 This chapter discusses the results of our study in the context of the existing 

literature and describes some of the educational implications of our findings.  In addition, 

the limitations of the study and some considerations for future research are proposed 

 

5.1 Thesis questions 

5.1.1 Question 1a: Does an educational intervention using a multimedia teaching 
module, together with simulation based teaching, improve junior residents’ knowledge 
regarding the indications, the contraindications, the technique and the potential 
complications related to CVC as compared to a control group receiving the current 
educational format during an ICU rotation at our institution?   

 Resident knowledge pertaining to central venous catheterization was not 

improved by the educational intervention.  Procedural competence is more than just 

technical ability.  It requires skill-based knowledge acquisition.  Learners must 

understand and demonstrate proficiency in the technical steps as well as the cognitive 

skills related to the procedure.  They must understand the indications, contraindications 

and complications of the procedure.  Educational strategies focusing instruction on 

cognitive skills together with procedural instruction have been shown to be more 

effective than those dedicated solely to procedural technique.(105)  By enhancing 

knowledge acquisition and learner engagement, computer aided instruction has been 

shown to be effective in clinical skill acquisition, provided the cognitive load does not 

overwhelm the learner.(106, 107)  To ensure that our educational intervention addressed 

cognitive domains, the simulation-based procedural instruction received by the 

intervention group was complemented by a multimedia learning module which addressed 

these issues.  This online module incorporated instructional videos together with 
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photographs and narrative text to provide specific instruction related to the cognitive 

issues pertaining to CVC.  This strategy provided learners with a comprehensive 

educational process targeting both the technical and cognitive aspects of CVC.   

 It is possible that the lack of a difference in knowledge acquisition between 

groups relates to inadequate utilization of the multimedia module by the intervention 

group.  Higher levels of interactivity and engagement are associated with increased time-

on-task and have been shown to correlate with knowledge acquisition.(108)  Since we 

were unable to track how frequently the residents accessed the learning module, we are 

uncertain whether the absence of a knowledge difference between groups simply reflects 

inadequate exposure of the intervention group to the module.  Alternatively, the residents 

may have accessed the module, but it failed to engage them sufficiently to stimulate 

learning above and beyond that otherwise experienced during the rotation. 

 

5.1.2 Question 1b: Does an ICU rotation at our institution improve junior residents’ 
knowledge related to CVC regardless of the educational intervention? 

  Junior resident knowledge related to CVC was improved at the end of the ICU 

rotation, regardless of the educational intervention.  Although opportunities for CVC 

during the rotation are variable, the skill is an essential task to be learned by many 

residents rotating through the ICU.(47-51)  At our institution, residents are provided 

opportunities to perform the skill under guided and graded supervision when appropriate.  

Regardless of group assignment, it is possible that most residents spent a proportion of 

their time during the rotation learning about the procedure through standard means such 

as available textbooks or online resources to be better prepare themselves for 
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opportunities to perform the procedure.  Additionally, attending physicians and critical 

care fellows may have provided ad-hoc teaching sessions to the junior residents when 

time was available during the rotation.  

 

5.1.3 Question 2: Is there a difference in performance of CVC between junior residents 
trained using a multimedia teaching module, together with simulation based teaching, 
and those receiving the standard educational format during an ICU rotation at our 
institution? 

 Because we did not collect pre-rotation baseline data related to procedural 

competence for CVC; therefore, we are unable to determine whether the intervention 

impacted resident competence.  However, no difference was identified between the 

control and intervention groups in their CVC performance scores post-rotation, regardless 

of the anatomical site of catheterization or assessment tool utilized.  This unexpected 

finding contradicts existing literature which suggests that simulation-based teaching is 

associated with improved performance.(30, 82)  This finding may have resulted from the 

lack of exposure to repeated, structured practice in CVC during the rotation.  Procedural 

competence is associated with experience.(30, 68)  Since we did not track the number of 

central lines inserted during the rotation, we are unable to quantify the central line 

experiences received by the residents.  Our intervention included a single simulation-

based training experience and depended on further opportunities for supervised practice 

to reinforce procedural instruction.  These additional learning opportunities may have 

been limited, or not occurred during the rotation.  This unstructured educational process 

failed to meet the criteria specified by the deliberate practice or mastery models of skill 

acquisition.  In the absence of sufficient opportunities for CVC, residents may not have 
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received adequate feedback on their performance needed to acquire competence with 

more deliberate practice.(72)  

 Other measures of performance, such as time to cannulation and number of 

attempts, have been suggested as surrogates for competence.(32, 109)  We did not 

identify a difference between groups in either measure.   

 Of particular concern is the number of critical errors made by the residents.  At 

the end of the rotation, the mean number of critical errors per procedure at the internal 

jugular site was 1.1 by the control group and 1.3 by the intervention group.  Seventy-

seven percent of residents in the control group and 85% of residents in the intervention 

group committed at least one critical error at this site.  Similarly, at the subclavian site, 

the mean number of critical errors by the control group was 1.0 and 0.8 by the 

intervention group.  Eighty-one percent of residents in the control group and 79% of 

residents in the intervention group committed at least one critical error at this site.  

Mishandling of the needle and inadequate sterile technique were the most commonly 

observed errors.  Mechanical and infectious complications related to CVC are reported to 

be as high as 26%, leading to patient morbidity, mortality and increased hospital 

costs.(55, 56, 59)  In our study, the majority of our trainees were deemed “not 

competent” for independence in central line insertion by the raters at the end of their 

rotation.  Since complication rates are inversely related to operator experience, the high 

complication rates in our study are not surprising.(57)  

 

5.1.4 Question 3: Is there a difference in self-reported comfort with CVC between 
junior residents trained using a multimedia teaching module, together with simulation 
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based teaching, and those receiving the standard educational format during an ICU 
rotation at our institution? 

 There were no differences between the intervention and the control group related 

to resident comfort.  However, overall resident comfort with CVC was statistically 

significantly improved for all residents at the end of the rotation, and the residents felt 

they would be equally comfortable performing the skill with or without direct 

supervision.  Since comfort improves with procedural experience, this finding suggests 

that many residents perceived they had acquired sufficient CVC experience during the 

rotation to perform the procedure with limited, if any, supervision.(16)  This finding is 

important, since resident comfort does not necessarily translate to competence.(75, 78, 

79, 110)  Since no difference in the gain in confidence was identified between the groups, 

we can assume that this confidence gain relates to other learning opportunities during the 

rotation.  Without data to identify and quantify these other experiences, we are unable to 

determine whether this improved confidence relates to additional opportunities for central 

line placement that occurred during the rotation, additional teaching sessions provided by 

the senior residents or faculty, or self-directed learning.   

 

5.1.5 Question 4: Is there a difference in self-reported satisfaction with the overall 
educational experience between residents using a multimedia teaching module, 
together with simulation based instruction using a procedural task trainer, and those 
receiving the standard educational format following an ICU rotation at our institution? 

 No difference was observed between groups in the proportion of residents who 

achieved their personal objectives for the rotation.  Residents from a wide variety of 

training programs rotate through the Calgary intensive care units during their training.  

The personal learning objectives for these residents differ, based on their professional and 
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individual needs.  For many trainees, competence in CVC is a relatively minor learning 

objective for their ICU rotation.  Other competing educational goals such as identifying 

and caring for critically-ill patients, learning how to lead resuscitations, and gaining 

experience in discussions related to end-of-life care may take priority.  Since the 

distribution of residents from various training programs was similar between groups, 

targeting one specific procedural skill was likely insufficient to influence the perception 

of achievement of the residents’ overall needs.    

 We found that residents who received the multimedia and simulation-based 

intervention reported an overall increased satisfaction with their educational experience.  

They were more satisfied with CVC knowledge gained during the rotation and with the 

quality of the rotation.  They gave higher ratings of the adequacy of their training in CVC 

during the rotation and their understanding of the indications and contraindications for 

CVC.  Improved satisfaction with simulation-based training is supported by the 

literature.(111-113)  Furthermore, our intervention provided clearly defined learning 

objectives related to CVC, dedicated procedural teaching in a safe and engaging 

simulation environment, and an online module that specifically addressed the content 

related to the procedure.  This structured approach may have been appreciated by the 

resident learners who received the simulation-based program.  This finding is important, 

since satisfaction with the learning environment has been associated with improved 

performance, although this finding was not demonstrated in our study.(114) 
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5.1.6  Question 5: What is the dependability of the scores derived from the performance 
assessment tools used in this study for decisions regarding resident competency in 
CVC? 

 Ninety-two percent of the control group and 89% of the intervention group passed 

the cut-score for CVC at the internal jugular site using the checklist tool.  However, using 

the OSATS tool, only 38% of the control group and 27% of the intervention group 

passed.  Using the O-SCORE tool, only 12% of the control group and 8% of the 

intervention group passed.  Similar findings were observed at the subclavian site.  This 

discrepancy between scores using checklists and global rating scales is supported by the 

literature.  Since the technical actions for procedures tend to be sequential and 

anticipated, itemized checklists are commonly used to ensure learners can competently 

perform all each necessary steps of the procedure.(70)  However, scoring high on a 

checklist may simply reflect the learner’s ability to ‘tick’ all the boxes for procedural 

performance, rather than demonstrating the behaviours necessary for competence.(17, 86, 

90, 93)   Global rating scales such as the OSATS and O-SCORE assess performance 

differently.  These tools rely on subjective expert assessment, which has been shown to 

be accurate for judging performance, to measure overall competence using behaviourally-

anchored scales.(87)  The OSATS tool assesses performance against relevant constructs 

such as instrument handling, procedural flow and knowledge of the procedure, while the 

O-SCORE tool assesses performance along a continuum that reflects readiness for safe 

independent practice.(20)  Since competence in procedural skills is more than completion 

of the steps of the procedure, assessment with these tools may better discriminate 

expertise and provide useful information regarding readiness for autonomy. 
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 Dependability refers to the accuracy of generalizing from an observed test score 

to that person’s average score under all the possible conditions.(100)  Our findings 

suggest that scores derived from global rating tools such as the OSATS and O-SCORE 

are more dependable than those provided by either checklists or critical error tools.  

Similar findings for improved reliability with global rating scales are reported in the 

literature.(20, 86)   Unlike the OSATS and O-SCORE tools, neither the checklist, nor the 

critical error tool achieved the pre-defined Dependability threshold of 0.7 in our study.  

 The G-study analysis helps to better determine why these tools performed 

differently.  Unlike classical test theory types of reliability estimates (test-retest, 

interrater, internal consistency), where measurements of error are calculated separately 

and are not directly comparable to one another, generalizability theory enables us to 

simultaneously estimate measurement error from various sources and directly compare 

their relative contributions to the observed test scores.(100, 115)  This analysis identified 

the relative proportions of variance from the participants as well as the different sources 

of measurement error contributing to the observed test scores.   

 For the checklist and critical error tools, substantial measurement error 

contributed to the overall variance in the observed test scores.  At both CVC sites, 

measurement error resulting from the interaction between participant-by-rater-by-item 

contributed to nearly half the observed test scores.  This variance reflects the 

inconsistency resulting from the three-way interaction between the participants, the 

raters, and the items, confounded with unmeasured sources of variation.  Measurement 

error from the interaction between the participant-by-item was the second largest 

contributor to the observed test scores for these tools.  This variance represents the 
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inconsistency in the trainees’ scores across the individual items contained in the scoring 

tools (equivalent to internal consistency in classical test theory).(116)  Our findings 

support existing literature in several important ways.  They suggest that successful 

performance in one construct of interest does not necessarily equate to success in other 

constructs, or overall competence.(117)  They also reinforce our understanding that 

scores provided by checklist tools frequently suffer from lower internal consistency than 

scores from global rating scales.(93)  Finally, the contribution to the observed test scores 

from resident performance (our object of interest) was relatively small.  A similar pattern 

was identified using these tools at both anatomical sites.  In summary, the scores obtained 

with the checklist and critical error tools contained substantial measurement error not 

related to resident performance.  Consequently, the scores provided by these tools are less 

dependable. 

 Unlike the checklist or critical error tools, for the OSATS and O-SCORE tools the 

largest source of variance contributing to the observed test scores was derived from the 

participants themselves.  For the OSATS tool, the second largest source of variance was 

measurement error derived from the three-way interaction between the participants, the 

raters, and the items, confounded with unmeasured sources of variation.  The interaction 

between participant-by-rater was also substantial.  This variance reflects the 

inconsistency of raters’ evaluation of the participants (equivalent to inter-rater reliability 

in classical test theory).  To make dependable judgements about performance, it is 

essential that interpretations of performance are similar between judges.  Rater training 

has been shown to improve inter-rater reliability for the assessment of clinical skills.(118, 

119)  Despite our attempts to maximize agreement between raters by training them to use 
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the developed tools on sampled videos, the relatively high measurement error attributed 

to this issue suggests that further training may be necessary.   

 Our Decision study supports the use of the OSATS or O-SCORE tool in the 

summative assessment of CVC competence.  To improve the dependability of either the 

checklist or the critical error tool to meet our threshold, we would need to modify the 

scoring tools by either adding substantially more items, or increasing the number of 

raters.  The items contained within both tools were developed by three expert raters and 

designed to capture the essential components of the procedure.  Increasing the number of 

raters assessing performance would be both costly and inefficient.  On the other hand, F 

for the OSATS and O-SCORE tools exceeded our threshold; thereby allowing us to 

predict ways to improve efficiency without losing dependability.  We determined that we 

would be able to maintain the dependability for both tests even if we decreased the 

number of raters required for assessment.    

 

5.2 Implications for education 

 The findings of this study provide useful information related to the assessment of 

central line insertion.  Many critical care units in Canada are similarly structured to those 

in our study.  Junior residents from numerous training programs rotate through the 

intensive care unit to acquire experience managing acutely ill patients. For many of these 

residents, it is expected that proficiency in CVC will occur during this rotation.  This 

study demonstrates that at our institution, most trainees had not achieved sufficient 

competence for independence with central line insertion at the end of their one-month 

rotation, irrespective of a multimedia and simulation-based educational intervention at 
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their ICU orientation.  Since opportunities to receive supervised, repeated practice during 

the ICU rotation are variably present, it is unlikely that the ICU rotation alone will be 

able to provide an educational experience that meets criteria for acquiring competence. 

 The lack of impact by our multimedia and simulation-based education 

intervention on performance supports the need to adhere to principles of deliberate 

practice or mastery theory to achieve competence consistently for all trainees.  Many of 

the defined conditions for success are present in our institution.  We have motivated 

learners who are presented with defined learning objectives.  They are given tasks at an 

appropriate level of difficulty and are assessed with reliable measurement strategies.  

However, without immediate, informative feedback on performance and opportunities for 

deliberate practice, they are unable to achieve the expected competence and advance to 

further levels or tasks.  The notion of ‘see one, do one, teach one’ is no longer 

acceptable.(120)  Training programs must develop organized, structured educational 

programs, with well delineated learning tasks, to ensure that the conditions for success 

are met.  Our study provides evidence of a deficiency with our current curriculum.  

Namely, junior residents are not achieving competence in central line insertion during 

their ICU rotation.  This finding may inform training program directors and educators to 

consider including alternative teaching strategies and repeated opportunities for practice 

such as dedicated simulation sessions to ensure that residents are receiving sufficient 

exposure and supervision to acquire competence in essential procedures such as 

CVC.(68)  Relying on a basic simulation-based orientation, together with opportunistic 

experiences that occur during the ICU rotation is insufficient to attain competence in this 

skill.   
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 The marked discrepancy between resident confidence and self-perceived ability, 

as compared to expert assessment of competence is concerning.  However, this 

disconnect between self-perceived confidence and objective assessment of competence is 

supported in the literature.(110, 121)  Educators should use caution when asking resident 

learners whether they feel comfortable performing procedures without supervision.  Our 

study suggests that the majority of junior residents should not be allowed to perform 

CVC independently at our institution.  Direct observation with feedback on performance 

should be considered mandatory for all learners, until proficiency is demonstrated.  Since 

competence must be demonstrated before residents are entrusted to perform activities 

independently, it is expected that CBME will help mitigate these circumstances.   

 Although assessment of task performance is often focused on the specific motor 

skills related to the procedure, we found that the largest proportion of critical errors made 

by the residents included technical aspects related to the procedure itself such as 

mishandling of the needle, as well as errors relating to more general issues such as 

inadequate sterile technique.  Educators should recognize that assessment tools, such as 

checklists, may not specifically target critical aspects of competence beyond technical 

proficiency.(86)  Catheter related bloodstream infection is a common complication of 

CVC associated with significant morbidity and mortality.(74)  Adherence to sterile 

technique is essential to minimize these complications.  It is surprising that such a large 

proportion of residents failed to adhere to guidelines relating to sterile technique during 

central line insertion.  This underscores the importance of ongoing education regarding 

the importance of maintaining sterility during clinical procedures.(74)  We intend to use 
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these results to improve resident education and better assess compliance with sterile 

technique policies in our ICU. 

 As educators prepare to transition to CBME, there is a need for reliable and valid 

assessments, made with task-appropriate tools.  These tools must have adequate 

psychometric properties to assess procedural competence.(15)  Furthermore, it is likely 

that increased observations of learner performance will be required to determine 

competency.(13, 15)   Judgements of performance will be made using a variety of 

assessment tools, each with their own strengths and weakness.  Assessments using proper 

tools, in the most efficient manner, may provide information necessary to make valid 

arguments about resident performance.(97)  We will use the results of this study to 

develop an assessment tool for CVC that provides a summative assessment of 

competence, supported by formative feedback to our learners.  To achieve this, we will 

integrate items from our checklist and critical error tool into the O-SCORE tool.  The 

inclusion of these scales will ensure that residents are provided detailed information 

related to their performance, including the identification of critical mistakes requiring 

attention.  Since the O-SCORE scale utilizes a behavioural assessment anchor (readiness 

for independence) that is similar to our current process for determining graded autonomy, 

this scale will be utilized to provide a summative assessment of competence.  

 Evidence for the validity of decisions using these tools should be clear.  Our study 

proposed that a validity argument a priori is necessary to design assessment processes for 

central line insertion performed by junior residents at our institution.  In this model, 

analysis of the scores derived from the four assessment tools was performed to determine 

which one would provide the most dependable scores for this situation.  Kane’s 
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framework was helpful in defining the validity evidence required, namely scoring, 

extrapolation, generalization and implication.(96)  We provided some evidence that the 

dependability of the scores provided by the OSATS tool or O-SCORE tools exceeded 

those from the checklist or the critical error tool.  

   

5.3 Limitations 

 There are a number of important limitations to our study.  First, this study 

includes a relatively small number of learners at two ICUs at our institution.  Due to the 

design of this study, generalizations to other institutions or different learner groups is not 

possible.   

 Second, our educational intervention did not include ultrasound guidance for 

central line insertion.  The use of ultrasound has been demonstrated to be associated with 

improved success rates and lower a lower incidence of complications.(71, 122)  At the 

time of the study, ultrasound guidance was not routinely used at our institution.  

Furthermore, utilization of ultrasound is restricted to sites and departments who can 

afford the technology.  This may not be readily available in rural or smaller centres and is 

often unavailable during emergency procedures such as those encountered on the ward.  

Clinical practitioners responsible for central venous catheterization must be able to 

perform this procedure with and without the assistance of ultrasonography, frequently 

under time constraints related to the nature of the medical emergency.  

 We did not track the online usage of the multimedia module by the residents.  Nor 

did we assess performance by the residents prior to the start of the rotation.   We did not 

monitor the number of opportunities for supervised, repeated practice of CVC by the 
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residents during their rotation.  As such, we are unable to quantify the total educational 

experiences of the learners.  

 Although attempts were made to capture all aspects of the procedure, the use of 

video-recordings of performance on low-fidelity mannequins limited our ability to 

observe and measure important aspects of CVC competence such as patient positioning, 

instillation of local anesthesia, suturing of the central line and confirmation of placement.  

Additionally, other non-technical skills were not assessed, such as donning and doffing of 

protective equipment or communication skills with the patient or allied health care staff.  

Despite orienting the residents to the mannequins, technical difficulties with the 

mannequins prevented some residents from successfully completing the procedure, 

occasionally requiring interference from the supervising study personnel. 

 Furthermore, the results of our study are context-specific.  They are confined to 

the performance of junior residents in central line insertion, using landmark technique at 

the internal jugular or subclavian site on task-trainer mannequins, as judged by expert 

raters using the four specific assessment tools in this study.  Generalization of the results 

beyond these parameters should be performed with caution. 

 Finally, the validity of our checklist, critical error tool and modified OSAT tool is 

uncertain.  Although these tools were adapted from existing tools reported in the 

literature(16-18), with input from content experts, they had not been previously validated 

for use in the context of this study.    
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5.4 Future directions 

 Inclusion of valid and dependable tools to assess procedural competence will be 

necessary as we transition to CBME.  This study will help to develop a scoring tool to 

assess CVC competence in the intensive care units at the University of Calgary.  We 

intend to modify the behaviourally-anchored O-SCORE tool to include identification of 

critical errors and space for narrative feedback.  In this way, the refined tool may be used 

to provide a global assessment of performance, together with formative feedback to help 

the residents recognize specific areas of deficiency in order to improve.  A collection of 

assessments can be utilized to demonstrate improved proficiency over time, and evidence 

of readiness for independence.  Furthermore, we plan to extrapolate these results to create 

similar scoring tools for other procedural skills frequently performed in the ICU, such as 

endotracheal intubation, chest tube insertion and arterial line insertion. 

 

5.5 Conclusions 

 Central venous catheterization is an essential skill to be acquired during residency 

for many trainees.  The results of this study did not demonstrate any impact on 

knowledge or performance in central line insertion after the introduction of a multimedia 

model and simulation-based education intervention.   

  Incorporation of assessment tools that provide dependable data is essential for 

determining competency in procedural skills during residency.  Our results suggest that 

educators should integrate global rating scales such as the OSATS or O-SCORE tools, 

rather than checklists or critical error tools, to assess competency in central venous 

catheterization.   
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 As our training program prepares for CBME implementation, these results will 

help us restructure our training program to more effectively teach procedural skills and 

assess competency in procedures such as central venous catheterization. 
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APPENDIX A: PRE-TEST WRITTEN EXAMINATION 

Critical Care Medicine  
Rotating Resident Written Exam (A)  
 

1.  List 5 indications for central venous catheter placement? 
 i.            
 ii.             
 iii.            
 iv.            
 v.             
 
2.  What barrier equipment must be worn by the physician inserting a central line? 
 i.             
 ii.            
 iii.            
 iv.             
 
3.  Following placement of a right-sided internal jugular catheter, where should the tip of 
the catheter be located on chest Xray? 
             
             
 
4.  What are 3 different ways to confirm venous placement of a central venous catheter? 
 i.             
 ii.             
 iii.             
 
5.  If peripheral access is unobtainable on a patient, what type of catheter should be 
centrally inserted for fluid resuscitation? 
             
 
6.  Approximately what percentage of central venous catheters are complicated by 
bacteremia? 
             
 
7.  What is the mean distance (cm) from the skin to the junction of the right atrium-SVC 
junction using the right internal jugular or right subclavian approach? 
             
 
8.  Identify 5 potential acute complications of a right internal jugular catheter insertion. 
 i.             
 ii.            
 iii.             
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 iv.            
 v.             
 
9.  A patient being ventilated with pressure control ventilation becomes agitated 
following an attempted subclavian catheter insertion.  Identify 3 physical exam signs that 
would suggest a tension pneumothorax.   
 i.             
 ii.            
 iii.             
 
10.  A patient being ventilated with pressure control ventilation becomes agitated 
following an attempted subclavian catheter insertion.  Identify 2 ventilator parameters 
that would suggest a tension pneumothorax. 
 i.             
 ii.            
 
11.  When inserting a right subclavian catheter, how should the bevel of the 14 gauge 
needle be oriented? 
             
 
12.  Approximately what percentage of subclavian catheters are complicated by 
pneumothorax? 
             
 
13.  Which anatomical site for central line placement has the most consistent anatomy? 
             
 
14.  Which site should be utilized for central venous catheter access in the trauma 
patient?  List your reasons why. 
             
            
            
             
 
15.  Which anatomical site of central catheter insertion is associated with the highest rate 
of septic complications? 
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APPENDIX B: POST-TEST WRITTEN EXAMINATION 

Critical Care Medicine  
Rotating Resident Written Exam (B)  
 
 
1.  List 5 relative contra-indications for subclavian central venous catheter placement? 
 i.            
 ii.             
 iii.            
 iv.            
 v.             
 
2.  What barrier equipment must be worn by personnel directly assisting the physician 
inserting a central venous catheter? 
            
             
 
3.  Following placement of a right-sided subclavian catheter, where should the tip of the 
catheter be located on chest Xray? 
             
             
 
4.  List 2 reasons why the right-sided subclavian insertion site is preferred to the left-
sided subclavian insertion site for central venous access? 
 i.             
 ii.             
 
5.  What sized central venous catheter should be inserted for initiation of 
inotrope/vasopressor therapy? 
             
 
6.  To minimize infectious complications, how long should the topical antiseptic (2% 
chlorhexidine gluconate) be allowed to remain on the site prior to central venous catheter 
insertion? 
             
 
7.  How frequently should central venous catheters be routinely replaced in the intensive 
care unit?  
             
 
8.  Identify 5 potential acute complications of an attempted femoral central venous 
catheter insertion. 
 i.             
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 ii.            
 iii.             
 iv.            
 v.             
 
9.  A patient being ventilated with pressure control ventilation becomes agitated 
following an attempted subclavian catheter insertion.  Identify 3 physical exam signs that 
would suggest an acute air embolism as a complication of the attempted line placement.   
 i.             
 ii.            
 iii.             
 
10.  What are three immediate treatment priorities following suspicion of an air 
embolism?  
 i.             
 ii.            
 iii.             
 
11.  When inserting a right internal jugular central line, how should the patient be 
positioned? 
             
 
12.  Approximately what percentage of patients with femoral central venous catheters are 
complicated by clinically significant DVT? 
             
 
13.  Identify the anatomical landmarks identifying the preferred site of insertion for a 
femoral central venous catheter? 
             
            
            
             
   
14.  Which site should be utilized for central venous catheter access in the cardiac arrest 
patient?  List your reasons why. 
             
            
            
             
 
15.  Which anatomic site is preferred in the hypovolemic patient? Why? 
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APPENDIX C: CHECKLIST TOOL 

Subject:	 	 	 	 	 	 Reviewer:										
	
Competence	Tool	#1	(Checklist):		
Right	Internal	Jugular	Central	Venous	Catheter	Insertion	
	
Procedure	Step	 	 	 	 	 	 	 Successfully	Completed?	
	 	 	 	 	 	 	 	 	 Yes	 	 No	
	
1.		Appropriately	applies	sterile	solution	 	 	 	 	 	 	 	
	 (At	least	two	passes	with	sterile	solution	in	circular	fashion,		

moving	from	centre	outwards,	new	swab	per	pass)	
	
2.		Correctly	drapes	patient	in	a	sterile	fashion	 	 	 	 	 	 	
	 (Appropriate	use	of	sterile	drapes,	with	appropriate	field	of	view)	
	
3.		Appropriately	utilizes	anatomic	landmarks	for	technique	 	 	 	 	 	
	 (Clearly	utilizes	landmarks)		
	
4.		Competently	inserts	angiocatheter	or	steel	needle	into	IJ	vein	 	 	 	 	 	

(Needle	advanced	at	30-45	degrees,	towards	ipsilateral	nipple)	
	
5.		Safely	inserts	guide	wire	 	 	 	 	 	 	 	 	
	 (Advances	J-wire	into	vein,	J-tip	first,	avoids	excess	pressure,	

maintains	control	of	the	wire,	maintains	control	of	needle)	
	
6.		Effectively	uses	scalpel	to	make	skin	incision	 	 	 	 	 	 	
	 (Single	appropiate	sized	stab	incision,	dull	side	of	blade	

	along	wire)	
	 	
7.		Smoothly	passes	dilator	over	wire	and	dilates	IJ	vein	 	 	 	 	 	
	
8.		Effectively	inserts	central	venous	catheter	over	wire	 	 	 	 	 	
	 (Maintains	direct	visualization	of	wire	at	all	times)	
	
9.		Adequately	flushes	all	catheter	lumens	 	 	 	 	 	 	 	
	 (This	may	be	done	at	start	or	end	of	procedure	or	combination)	
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APPENDIX D: CRITICAL ERROR TOOL 

 

Competence	Tool	#2	(Critical	Errors):		
Please	indicate	whether	any	of	the	following	critical	errors	were	identified:	
	 	 	

i. Inadequate/inappropriate	application	of	sterile	solution	 	 	 	
	

ii. Inadequate/inappropriate	application	of	sterile	drapes	 	 	 	
	
iii. Critical	mishandling	of	needle		 	 	 	 	 	 	

(e.g.	no	syringe,	inappropriate	depth,	grossly	incorrect	direction)	 	 	
	
iv. Critical	mishandling	or	loss	of	guidewire	 	 	 	 	 	

	 	
v. Not	flushing	all	catheter	lumens	 	 	 	 	 	 	

	
vi. Other	(please	identify)		 	 	 	 	 	 	 	

 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



 

 82 

APPENDIX E: OSATS TOOL 

	
Subject	Number:		 	 Reviewer:	
	
Competence	Tool	#1	(OSATS)	
	

Specific	
components	of	
technical	ability:	

	

Not	competent	to	
perform	

independently	

Borderline	
competent	to	

perform	
independently	

Competent	to	
perform	

independently	

Above	average	to	
perform	

independently	

Time	&	Motion	 	
Many	unnecessary	

movements	

	 	
Efficient	but	some	

unnecessary	
movements	

	

	
Economy	of	

movement	and	
maximum	efficiency	

Instrument	
handling	

	
Repeated	
awkward	or	

tentative	handling	
of	instruments	

	 	
Competent,	
occasionally	

appeared	stiff	or	
awkward	

	

	
Fluid	handling	of	
instruments;	no	
stiffness	or	

awkwardness	

Knowledge	of	
Instruments	

	
Frequently	used	
inappropriate	
instrument	

	 	
Used	appropriate	
instrument	for	

task	

	
Obviously	familiar	
with	required	
instruments	

Flow	of	Procedure	 	
Frequently	
stopped	and	

seemed	unsure	of	
next	step	

	 	
Demonstrated	
reasonable	

progression	of	
procedure	

	

	
Obviously	planned	
procedure;	smooth	

flow	

Knowledge	of	
Specific	

Procedure	

	
Would	have	
needed	

instruction	to	
complete	most	

steps	

	 	
Seemed	to	know	
most	steps	of	
procedure	

	
Demonstrated	

familiarity	with	all	
aspects	of	
procedure	
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APPENDIX F: O-SCORE EVALUATION TOOL 

	
Competence	Tool	#2	(O-Score)	
	
Overall	Ability	to	Perform	Procedure	–	Please	circle	candidate’s	overall	score	
Score	 Descriptor:	
1	 “I	would	have	had	to	do	it”	(would	have	required	complete	hands	on	guidance)		=	NOT	

COMPETENT	
2	 “I	would	have	had	to	talk	them	through	it”	(able	to	perform	tasks	but	would	require	constant	

direction	and	supervision)	=	NOT	COMPETENT	
3	 “I	would	have	had	to	prompt	them	from	time	to	time”	(some	independence	but	with	

intermittent	direction)	=	NOT	COMPETENT	
4	 “I	would	have	needed	to	be	in	the	room	just	in	case”	(independence	but	still	required	some	

supervision	for	safe	practice)	=	BORDERLINE	COMPETENT	
5	 “I	would	not	have	needed	to	be	in	the	room”	(complete	independence;	performs	safely;	

practice	ready)	=	COMPETENT	
	
	
	
Time	to	Cannulation	with	CVC		(seconds):	 	 	 Number	of	Passes	with	needle:	
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APPENDIX G: ROTATION EXIT SURVEY 

 
Rotating Resident Exit Survey – Central Venous Catheter Study 

1. Which Academic Training Program are you with? 

Anaesthesia ○ CCFP:Emergency 
Medicine 

○ 
ENT ○ Family 

Medicine 
(Rural) 

○ 

Family Medicine 
(Urban) ○ FRCP:Emergency 

Medicine ○ General 
Surgery ○ Medicine ○ 

Neurology ○ Neurosurgery ○ OB/GYN ○ Ophthalmology ○ 

Orthopedic 
Surgery ○ Pathology ○ Plastic 

Surgery ○ Psychiatry ○ 

Radiology ○ Other ○     

 

2.  What is your current year of training? 1    2    3    4    5     

3.  What is your Sex? Male   ○  Female   ○ 
4. What is your age?            
5. Prior to this ICU rotation, have you inserted a central venous catheter?         Yes            No 

6. If Yes, approximately how many have you inserted? 1-5 5-10 >10 

 
Description 

Please indicate how well you 
agree with the following 

statements 

Strongly 
Disagree  

 
1 

Disagree 

2 

Neutral 

3 

Agree 

4 

Strongly 
Agree 

 
5 

2. Prior to this rotation, I felt 
comfortable inserting a 
central venous catheter under 
direct supervision 

○ ○ ○ ○ ○ 

3. Prior to this rotation, I felt 
comfortable inserting a 
central venous catheter 
without direct supervision 

○ ○ ○ ○ ○ 

4. Following this ICU rotation, I 
feel comfortable inserting a 
central venous catheter under 
direct supervision 

○ ○ ○ ○ ○ 

5. Following this ICU rotation, I 
feel comfortable inserting a ○ ○ ○ ○ ○ 
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central venous catheter 
without direct supervision 

6. I feel my training in central 
venous catheter insertion 
during this rotation was 
adequate 

○ ○ ○ ○ ○ 

7. I understand the indications 
for central venous catheter 
insertion 

○ ○ ○ ○ ○ 
8. I understand the contra-

indications for central venous 
catheter insertion 

○ ○ ○ ○ ○ 
9. I understand the potential 

complications of central 
venous catheter insertion 

○ ○ ○ ○ ○ 
10. I achieved the clinical 

objectives pertaining to 
central venous catheter 
insertion during this rotation 

○ ○ ○ ○ ○ 
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APPENDIX H: VARIANCE COMPONENT RESULTS 

H.1. Right IJ checklist variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 
Participants (p) 52 .795 0.020 11.36 
Raters (r) 2 .954 0.002 1.14 
Items (i) 8 2.080 0.011 6.25 
p x r 104 .121 0.003 1.70 
p x i 411 .229 0.046 26.14 
r x i 16 .170 0.001 0.57 
pri, e 820 .093 0.093 52.84 
Total    100.00 
 

H.2. Right SC checklist variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 
Participants (p) 53 .650 0.017 12.59 
Raters (r) 2 .656 0.001 0.74 
Items (i) 8 .841 0.003 2.22 
p x r 105 .112 0.005 3.71 
p x i 413 .178 0.037 27.41 
r x i 16 .254 0.004 2.96 
pri, e 816 .068 0.068 50.37 
Total    100.00 
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H.3. Right IJ critical error tool variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 
Participants (p) 52 .676 0.025 13.30 
Raters (r) 2 1.215 0.003 1.60 
Items (i) 5 3.729 0.022 11.70 
p x r 104 .109 0.003 1.59 
p x i 260 .214 0.041 21.81 
r x i 10 .183 0.002 1.06 
pri, e 520 .092 0.092 48.94 
Total    100.00 
 

H.4. Right SC critical error tool variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 
Participants (p) 53 .537 0.021 14.79 
Raters (r) 2 .605 0.001 0.70 
Items (i) 5 1.649 0.008 5.63 
p x r 106 .076 0.000 0.00 
p x i 265 .163 0.028 19.72 
r x i 10 .306 0.004 2.82 
pri, e 530 .080 0.080 56.34 
Total    100.00 
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H.5. Right IJ OSATS tool variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 
Participants (p) 52 10.605 0.627 58.54 
Raters (r) 2 6.022 0.016 1.49 
Items (i) 4 .875 0.000 0.00 
p x r 104 1.065 0.173 16.16 
p x i 208 .330 0.043 4.02 
r x i 8 .837 0.012 1.12 
pri, e 415 .199 0.200 18.67 
Total    100.00 
 

H.6. Right SC OSATS tool variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 
Participants (p) 52 6.943 0.370 42.82 
Raters (r) 2 5.777 0.015 1.74 
Items (i) 4 .508 0.000 0.00 
p x r 103 1.351 0.229 26.50 
p x i 208 .315 0.036 4.17 
r x i 8 .577 0.007 0.81 
pri, e 412 .207 0.207 23.96 
Total    100.00 
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H.7. Right IJ O-SCORE tool variance component results 

Source of 
Variation df Mean Squares Variance 

Components 
Variance 

Explained (%) 

     

Participants (p) 52 4.115 1.182 65.49 

Raters (r) 2 3.415 0.054 2.99 

pr, e 104 .569 0.569 31.52 

Total    100.00 

 

H.8. Right SC O-SCORE tool variance component results 

Source of 
Variation 

df Mean Squares Variance 
Components 

Variance 
Explained (%) 

     

Participants (p) 53 3.340 0.897 54.20 

Raters (r) 2 3.135 0.041 2.48 

pr, e 103 .695 0.717 43.32 

Total    100.00 

 

 


