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Introduction

Preamble
Supervisor competency as an assessor of medical trainees logically would seem to be an
essential if not critical requirement for assessment programmes; a sine qua non for obtaining useful and educationally effective assessment results for medical trainees. The
quality of supervisors’ assessments is explored in this dissertation by evaluating and
measuring the validity and quality of their assessment results. But why even consider this
work as something needed? This question is briefly explored in this introductory Chapter.

Background
The prevalence and adverse impact of poor-quality healthcare
The provision of poor healthcare is a global and local problem, and in both developed and
low-and middle-income countries. In low-and middle-income countries (LMICs) 5 million
deaths were estimated to be due to receiving poor-quality care of which 3·6 million were
due to non-utilisation of health care 1. Hospitalizations in LIMICs led to 134 million adverse events each year, and these adverse events contribute to more than 2.5 million
deaths annually. Much of these deaths are due to poor-quality care. Indeed, poor quality
of health care is a major cause of excess mortality for most major medical conditions such
as cardiovascular disease and injuries to neonatal and communicable disorders 1. Underutilisation is prevalent and even when knowledge for appropriate treatment exists
providers are not using it for the right patients at the right time 2. High levels of inappropriate health care are also pervasive 2.
Poor-quality care is not limited to LMICs. The United States and the United Kingdom
reveal excessive preventable deaths due to poor-quality care 2. Fifteen percent of all hospital costs in Organisation for Economic Cooperation and Development nations are due
to harms from adverse events 2. In addition, there is under-performance for professionalism, with care often not person-centred, and frequent reports of negative experiences
with health care interactions by patients, ranging from less than respectful care to abusive behaviour on the part of providers 2. All this also comes with a substantive economic
cost:
“Beyond the consequences for people’s health, costs rise when defects in care —
such as errors, failures to use effective care; overuse of ineffective care; disregard
of a person’s values and resources; and waste of equipment, supplies, time, and
spirit — are common.” National Academy of Sciences 2018 2
Amenable mortality is defined as “premature death from causes that should not occur in
the presence of timely and effective health care” 3. Amenable mortality is an important
cause of premature mortality in 16 high-income countries reported in 2011 with mortality
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in 21% of men and 30% of women under the age of 75 years which are amenable to good
health care 3. The corresponding figure from the LIMICs is 56% (all amenable
deaths/avertable deaths) 1. On the bright side the trend in amenable deaths in OECD
countries is improving 3;4.
But do such disarming statistics have any relationship to medical education and training, and specifically assessment in postgraduate training by medical supervisors? The
question is addressed in the following narrative analysis of some of the past and present
literature; the answer is most likely that it is related, the uncertainty is how strongly.
“… there is no easy or single fix—the systems are complex and multifaceted, and
their proposed mechanisms for building people's trust will take widespread cooperation, with accountability and measurement placed at the core 1” Lancet editorial 2018 5

Training and assessment of medical doctors - is there a problem?
The clinical competence and performance of medical practitioners has become a focus
of professional, governmental and public scrutiny with greater interest in the quality of
health care and the safety of patients 6-8. Concerns about patient safety, geographic variation in patient care unrelated to medical science, and poor "customer service" for patients, have coalesced to call into question the competence of physicians and health care
systems in general 9;10. Even medical practitioners who have been in practice longer, with
long-term experience are thought to be at risk of providing lower-quality care 11-14 which
is in part related to adequacy of competence 11-13.
As recent as a decade ago very few studies which evaluated practice performance
beyond postgraduate training programs existed 15, and competency after long-term practice could not be linked to demonstrated competency in training 15. Of particular relevance is the possibility that enhanced clinical supervision and assessment of trainees can
be associated with improved patient-related and education-related outcomes 16.
Previously it was hypothesised that assessment formats for physicians and trainees
reliably test core knowledge and basic skills 17. However it was observed that few assessments observe trainees in real-life situations, incorporate the perspectives of peers and
patients, or use measures that predict clinical outcomes 17. Indeed, in 2003 it was thought
not feasible to undertake broad-based clinical performance assessment of clinical competence even for board certification with the state of technology and the lack of infrastructure to support assessment of clinical competence 18. Moreover concerns about performance assessment also came from well conducted and detailed evaluations of clinical
competence assessments for certification 19, as was unease about the methods of assessing professional and clinical competence 20-23. In addition, efforts to demonstrate
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alignment of the assessment of clinical competence with improvement in competence
and with clinical outcomes remain slow 24.

Impact of assessment on the quality of medical practice
The obvious corollary raised by the above brief synopsis is whether the training and assessment of medical practitioners is adequate for preparing clinicians for immediate and
also long-term clinical practice; and importantly if it is adequate for medical trainees. Limited evidence is now emerging about the variable effect of residency training on later
practice 25. Also continuing medical education strategies that enable and reinforce
change, including assessment for learning are more likely to influence and change behaviour than other more traditional passive activities 26-28.
Assessment results predicting longer term clinical performance outcomes provide a
mixed bag of effectiveness. Often the clinical skills components of assessments are unable to predict 29 or poorly predict future clinical practice quality 30. The ability of assessments results to predict quality clinical outcomes appear to be diverse, and yet still are
used in a selective manner to support evidence of effective predictive outcomes 24. A
paucity of evidence and large variations in the predictive strength of the relationships
between summative assessments and performance outcomes continue to have problems
in demonstrating effectiveness of clinical assessments 31. Systematic reviews have found
a only weak to moderate body of evidence connecting methods of clinical assessment
with long-term quality clinical practice outcomes. The evidence is however consistent and
reproducible 15;31-34.

Evaluation of assessment practices within a quality framework perspective
The quality movement in clinical healthcare has been a driving force for improved patient
outcomes for decades 35-41. Quality has also always been a general and medical education
goal 42-48. Within the healthcare systems a broader understanding of quality improvement
has been proposed that includes the educational system and performance evaluation 49.
One of the many issues for quality has been that of expert judgement, a perennial concern to educators and students 50-52.
Continuous quality improvement (CQI) methods can be used for the evaluation of assessments situated within healthcare systems. Clinical outcomes measures and the validity and reliability of assessments results from the multitude of assessment methods logically seems an essential process for the CQI of all relevant assessments; whether assessment for learning or assessment of learning. Then all relevant users of assessments, and
stakeholders affected by assessment outcomes can be reassured that the assessment
results are meaningful and fair. Effective CQI of assessment results is an appropriate development for assessment processes in clinical teaching institutions. They are also
needed for the evaluation of the quality of assessments per se. Quality improvement
practice can then be part of the overall quality improvement spectrum. Quality
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improvement is usually considered “a systematic, formal approach to the analysis of practice performance and efforts to improve performance” 53. What are needed are effective
measures of what are agreed upon expected outcomes.
Evidence about the benefit of assessing the unobserved performance of doctors at
work is also another important area that is undeveloped 54. The assessment of unobserved performance could be used for the implementation of CQI processes for medical
education/training and assessment 54. A need exists to develop the methods to participate in the general CQI expected of healthcare systems, particularly in relation to assessing observed as well as unobserved clinical and professional performance 54. Performance measures are needed for documenting performance unobserved by the usual assessors in the workplace, which often includes supervisors at all levels, and by educators
who are not ward based. The potential utility of such evaluation methods and processes
is thus well recognised, as is the use of effective CQI process as a routine. Validation of
any methods to do so at present poses a major challenge 24.
The aim of the quality improvement of assessment practice should be the same as for
clinical practice. Evidence-based assessment need to be considered a norm, but with the
provision of true evidence, measurable and reproducible. The object of quality evaluation
is to determine how successful any changes have been in achieving improvement 35;55;56.
The purpose of quality measurement and then monitoring is “to exercise constant surveillance so that departure from standards can be detected early and corrected” 36, since
the health professions have been granted access to the “most secret and sensitive places
in ourselves”, and “entrusted matters that touch on our wellbeing, happiness, and survival 36. In return, we have “expected the professions to govern themselves so strictly that
we need have no fear of exploitation or incompetence” 36. Thus, the minimisation of incompetence in clinical practice is an important simple universal goal for clinical assessment methods. Although, as for quality in medical practice, first “we must specify what it
is that is being assessed and monitored” 36.

Quality of supervision, assessments and training
The disquiet about quality of medical competence and practice have more recently
emerged in parallel to long-running concern about the quality of training and assessment
of medical trainees. For example, more than a decade ago substantive and problematic
concerns were highlighted regarding the then and current process of supervising and assessing junior doctor competency in Australia 57. Most of the supervision by senior specialist clinicians is nominally provided by visiting medical officers and staff specialists.
However, more often it is the more junior doctors, mainly registrars who undertake the
bulk of day-to-day work-related supervision in Australia 58. Much variation exists in how
supervision and assessment is achieved even within institutions. Many perceived problems with the supervision and assessment processes has been prevalent in Australia for
a long time 59-61. However, similar problems have been a worldwide concern with

12

Introduction
potentially adverse impact 62. This issue remains a problem in the face of knowledge that
enhanced clinical supervision of trainees has been associated with improved patient- and
education-related outcomes in published studies 16.
Medicine is not alone, examination of performance appraisals in the industrial psychology literature has found similar issues 63;64. However, these performance assessment
problems may relate to an inability to even know what influences performance 65. Factors
influencing the performance of healthcare professionals were found to be poorly delineated especially for postgraduate medical practitioners in their foundation years 65. Problems with rater-based responses have long been known in psychology. Ratings of attributes requiring rater inference contain substantial variance due to various forms of bias in
all areas using rater-based assessment 66-68.
Of specific concern in all jurisdictions is that supervisors’ judgements have suffered
from identifiable and measurable variation, often resulting in disagreement on the competency of their junior staff 69;70. This variability persists and raises concerns about the
validity for the interpretation and use of post-graduate trainee assessment. For example,
issues about postgraduate rater-based assessment of clinical competence for trainees
have been a recurring theme in the medical education literature as highlighted in 2002
20
, a concern echoed a half decade later 71, and which is still is an identifiable problem 72
and still persists. These concerns have been well supported by reviews on the validity of
the interpretation and use of rater-based assessments in the medical context 65;73-79. The
question is what can improve the situation from an educational perspective and quality
improvement.

Reframing supervisors’ assessments of trainees
“… an article once published in the Times: ‘The older physicians with minds undisturbed by a crowd of scientific facts 2 developed a clinical sense, sui generis, as
subtle as the sense of taste or the sense of smell, and it was on this sense that the
great school of English medicine was founded’." Quoted by J A Ryle, Letter to the
Lancet 1934 80
In the letter quoted above, J A Ryle was arguing for change and innovation, “a better
endowment of clinical science (the study of man in disease), as distinct from physiology
and pathology, was long overdue” 80; and that clinical sense was not sui generis, not some
innate trait but instead was “based upon ordered intellectual processes applied to the
methods of science” 80. Disturbing the status quo has always been a popular activity in
society or at least the notion of disturbance if not the practice.
One example is commonly referred to as disruptive innovation, arising from the concept’s application to business theory 81, including healthcare business 82. In the recent
2
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past similar activities in science went by the name paradigm change 83. The theory of
disruptive innovation matches disruptive technologies with innovative business models,
and helps explain how complicated and expensive services and products are eventually
changed into simpler and more affordable ones 82. The concept is well known in the business world, although it is also often conflated and misunderstood 81. The concept can be
used as an explanatory analogy rather than a metaphor for conceptualizing the potential
for innovative change in the world of assessment of healthcare trainees and practitioners.
But how is the concept of disruptive innovation related to validity evidence for assessment and the identification of biased test results?
The observations in this dissertation will show that at present the “incumbent” approach to assessment development and use do not take into account in a serious way the
presence of bias in assessments, the provision of validity evidence for the use and interpretation of assessment results, or the requirement for validity evidence in the development of judgement-based assessments. The current incumbent approach has been dominant for many decades without a great deal of questioning about these matters from the
main high-end customers, the standard setting organisations, with results and information being provided to and decisions made by “minds undisturbed by a crowd of scientific facts”. As a result, the professional bodies responsible for the development and
implementation of those assessments do not appear to have any serious motivation for
enforcing innovation and improvement in the assessment system.
However, there is growth from the fringes of this assessment system. That growth is
arising from concerns of individual “lower-order customers”, the coal-face users of the
product, who have concerns about the lack of access to high quality learning-based assessments that give unbiased added value to their professional training and development; and not just for trainees but also working professionals in their professional and
clinical work as evidenced by this author.
The disruption is that detailed and critical analyses of the potential for bias in judgement-based assessments would seem justified and even warranted. Yet standard setting
requirements for any form of assessment of medical trainees and practicing professionals, whether as part of gathering validity evidence for assessment results, or for the empirical use of the assessment results in a specific context, should not be seen as disruption
or innovation. However, it appears to be so. Indeed, the notion of evaluating the potential
for active measuring of bias in assessment may be considered an innovation for the tradition of judgement-based assessment for the medical profession. This concept will be
argued from the observations in this dissertation from the potential for biased test results, their use, and their interpretation for supervisor assessments.
The change needed is to reframe the status quo, which is the acceptance that the
current system/service is sufficient because the high-end customers achieve what is
wanted, simplified decision-making processes. But if decisions are made on the basis of
biased premises then change is needed. The disruption aspect will be to motivate the
need for change by demonstrating how complicated and “expensive services and
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products” can be changed into simpler and more “affordable ones”. In other words, the
disruption is to make complex data-analyses involved in gathering validity evidence for
assessment results both accessible and of practical use to the coal-face users of the assessment programmes. The reframing is that the system should be inverted, the “lowend” individual users, the assessor of the trainees and the trainees, become the prime
focus to ensure quality for their professional learning and training.

First aim – Evaluate the need for disruptive change of the status quo of
supervisor assessments using a critical appraisal of the validity of those
assessments
From the introductory discussion, the validity evidence for the interpretation and use of
supervisor’s assessments is in doubt. The potential and identifiable biases may be different between assessment contexts for supervisors’ assessments, and between supervisors. The effect of any bias may vary from being minimal to being very disturbing, and
similarly the consequences and impact. The first aim is addressed in the first three Chapters using the following objectives:
1. Evaluate and measure the reliability of workplace rater-based assessments in a local
context to identify the trainee score variation around supervisor ratings, to compare
them to another established measure of clinical performance
2. Identify sampling number needs for supervisor assessments
3. Explore the above issues using exploratory factor analysis (EFA) of end-of-term supervisor ratings within a specific population and context for medical trainees to:
a. Determine if individual competency items align with “face value” domain constructs defined a priori, or if alternate or additional latent factors exist
b. Evaluate the stability of the factor structure for the assessment process and determine if the overall factor structure observed is affected by different contexts
such as hospital type, and different types of supervisors and trainees
c. Introduce the concept of using reliability measures as a routine for the application
of global-competency constructs for assessment
d. Position of the observations compared to the established literature
4. Measure the internal validity in the form of construct validity and the reliability of
competency constructs from previously identified but unacknowledged alternative
competency constructs for prevocational medical trainees
a. Determine if identified alternative constructs exist, and if so, do any have evidence
of internal structure validity, especially construct validity
b. Demonstrate the feasibility of using confirmatory factor analysis, model fit indices,
measurement invariance methods and common method variance estimation for
the routine evaluation of the construct validity of competency assessments in single institutions with postgraduate training programmes using assessments from
clinical supervisors in the workplace
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Second aim – Innovation with an exploratory approach to validity evidence as a
quality improvement method combined with traditional improvement process
The potential for bias and the identification of that potential, its quantification if present,
and the measurement of its effect and impact may be considered a disruptive influence
for the status quo simply by creating transparency about the quality of the assessments.
Although this would not be an innovative disruption, the methods have been available
for decades as have the expectations for implementation, but it would be a novel implementation. This is particularly so since the results are peer reviewed and made public.
The approach was also not the rehashing of currently used methods for evaluating validity and reliability without any consequence. Another innovation will be to apply those
complex data-analyses in a more user-friendly way, one that can be applied by local assessment programmes for their own purposes of improvement, and outline a blueprint
for doing so. The objectives are examined in the last two Chapters and are exploratory
but potentially innovatively useful:
1. The first innovation explored an examination of the internal validity evidence for
term-supervisor assessment results used for unconditional-registration of medical
trainees and a re-interpretation of the validity evidence as measures of supervisors’
ability to adequately assessing trainees; and an exploration of the feasibility of their
use for continuous quality improvement (CQI).
2. The innovation explored was the use of the established and available knowledge
about methods and empirical analyses for obtaining validity evidence merged with
process quality measurement, namely confirmatory factor analysis, measurement invariance and statistical process control. These were used for bias identification and
measuring the impact of that bias.
3. Test the assumption made by training programs and regulators that supervisors are
generally accurate and precise assessors as measured by
a. Measuring the internal structure validity evidence of assessment results combined
with statistical process control methods to identify possible outlier assessors (lenient and stringent assessors)
b. Testing the impact of individual outliers on the internal structure validity evidence
of assessment results with the intent of exploring the utility of these methods as
outcome measures for use in quality improvement interventions for supervisors.

Structure of the thesis
Chapter 2
Establishing the reliability of assessments results is a well-known part of the validation
process, yet problems with the reliability of judgement-based assessments has been
known for a century and they are still prevalent. Not surprisingly therefore, the study
16
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analyses identified problematic low trainee score variance due to the trainee and as a
consequence the need for many more sampling judgments, and poor reliability though
similar to that found with the mini-Clinical Evaluation Exercise (mini-CEX). Marked variation in the ability of the supervisors to reliably assess different competencies was also
evident.
The study observations supported the use of score variance attributable to the trainee
(percent variance components attributable to the trainee), originally recommended by
Cronbach 84, as a pragmatic measure for the reliability of competency constructs. It also
provides a practical way of understanding reliability in the workplace-based context. This
measure was used to estimate the number of assessments for a minimally adequate reliability (NAMAR) which also provided a basis for using directly applicable measurements
that have meaning for users of the information. The NAMAR identifies the sampling number needs for workplace assessments. These measures are the main reliability measures
used subsequently for nested and unbalanced design of the data-sets examined.

Chapter 3
The investigation of expected and/or latent competency constructs, the evaluation of
confounding influences on supervisor construct interpretation, and the evaluation of the
reliability of global constructs have not been routinely undertaken for supervisors’ assessments in the workplace for measuring assessment programme quality. The construct
validity of ward-based supervisor competency assessments was evaluated in a particular
context using traditional exploratory factor analysis. Different constructs (factors) were
identified than those required by the certification body. Instability of factors across some
subgroups of different context, supervisors and trainees was observed. The reliability of
supervisors for the competency-domain constructs identified was measured by variance
components and NAMAR for each competency-indicator.

Chapter 4
Different supervisors and assessors often have different understandings and even contrasting views about competency constructs and latent behavioral constructs. However,
construct alignment, accuracy and precision for the interpretation of the competencyconstructs used for trainee assessment is essential for quality and fairness. If supervisors’
understanding of a construct is not aligned, precise and accurate then each supervisor is
constructing their own individual assessment process independent of others’ understanding. That competency construct and outcome behavior need to be clearly defined
in a reliable and valid fashion is essential for any assessment. Otherwise the competency
construct should not be part of any planned assessment process.
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Chapter 5
The analysis from this study refocuses the use of validity evidence as measures of the
quality of supervisor’s ability to provide assessment results that are valid within an assessment programme. For the particular group of assessors, the overall competency-domains that are expressed by the competency-indicators assessed do not align with what
is required by the content experts and the certification agency. Moreover, poor reliability
for the indicator-item assessment scores suggests that supervisors do not share the same
understanding of how to assess each competency indicator-item. Some indicator-item
scores only have error variance implying that the assessors have no shared comprehension of the meaning of the competency and/or what to observe to be able to measure
the competency construct. Common method bias appears to be a major component of
the inaccuracy and imprecision of supervisor assessment results, the common method is
the supervisors as the measurement instrument. Such problems have persisted for decades, so an improvement process is long overdue. This study provides some of the methodology necessary to begin the process of educational and training interventions to improve the ability of supervisors to assess the competency constructs required by certification and registration bodies, and also research into the calibration of supervisors who
assess trainees.

Chapter 6
In this Chapter a novel application of using validity evidence as a measure of the quality
of assessment results from clinical supervisors combined with statistical control process
to individually identify lenient and stringent supervisors is addressed. These applications
have potential use as outcome measures to investigate interventions that researchers
may consider useful for improving the understanding of competency constructs by divergent assessors. Sharing similar understanding of what competency constructs mean is
vital for producing valid assessment results. The assumption of precision and accuracy
made by training and credentialing bodies that uncritically use assessment results from
supervisors indicate a need for further close scrutiny, and the assumption needs testing.

Chapter 7
This Chapter presents an interpretative overview about the findings, including issues of
validation as evaluation or measurement and the creation of potentially new competency-assessment constructs. Improvement in the supervisory practices for postgraduate
medical trainees is warranted, in particular the assessment processes and the capabilities
of the supervisors, and particularly when that assessment is meant to be not only evaluative but as a measurement of competency. The strengths and limitations are discussed
along with the implications for educational practice and research in each of the individual
Chapters.

18

Introduction

Reference List Chapter 1
(1)

(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

(11)
(12)
(13)
(14)
(15)

(16)
(17)
(18)
(19)

(20)
(21)
(22)
(23)

Kruk ME, Gage AD, Joseph NT, Danaei G, Garcia-Sais S, Salomon JA. Mortality due to low-quality health
systems in the universal health coverage era: a systematic analysis of amenable deaths in 137 countries.
Lancet 2018.
National Academies of Sciences EaM. Crossing the Global Quality Chasm: Improving Health Care
Worldwide (2018). Washington DC: The National Academies Press, 2018.
Nolte E, McKee M. Variations in amenable mortality - Trends in 16 high-income nations. Health Policy
2011;103:47-52.
Weber A, Clerc M. Deaths amenable to health care: Converging trends in the EU? Health Policy
2017;121:644-652.
Editorial T. Putting quality and people at the centre of health systems. Lancet 2018;392:795.
Kohn LT, Corrigan JM, Donaldson MS. To err is human: building a safer health system. Washington,D.C.:
National Academy Press, 2000.
O'Neill O. Accountability, trust and informed consent in medical practice and research. Clinical Medicine
2004;4:269-276.
Working Party of the Royal College of Physicians. Doctors in society. Medical professionalism in a changing
world. Clinical Medicine, Journal of the Royal College of Physicians 2005;5:S5-S40.
Leach DC. Competence is a habit. JAMA 2002;287:243-244.
Australian Commission on Safety and Quality in Health Care and Australian Institute of Health and Welfare.
In Brief - Exploring Healthcare Variation in Australia: Analyses Resulting from an OECD Study. 2014. Sydney,
ACSQHC.
Choudhry NK, Fletcher RH, Soumerai SB. Systematic review: the relationship between clinical experience
and quality of health care. Annals of Internal Medicine 2005;142:260-273.
Klass D. Assessing Doctors at Work — Progress and Challenges. New England Journal of Medicine
2007;356:414-415.
Balogh EP, Miller BT, Ball JR. Improving Diagnosis in Health Care. Washington, DC.: National Academies
Press, 2015.
Cadieux G, Tamblyn R, Dauphinee D, Libman M. Predictors of inappropriate antibiotic prescribing among
primary care physicians. Canadian Medical Association Journal 2007;177:877-883.
Hamdy H, Prasad K, Anderson MB et al. BEME systematic review: predictive values of measurements
obtained in medical schools and future performance in medical practice. Medical Teacher 2006;28:103116.
Farnan JM, Petty LA, Georgitis E et al. A Systematic Review: The Effect of Clinical Supervision on Patient
and Residency Education Outcomes. Academic Medicine 2012;87.
Epstein RM, Hundert EM. Defining and Assessing Professional Competence. JAMA 2002;287:226-235.
Landon BE, Normand S-LT, Blumenthal D, Daley J. Physician clinical performance assessment. Prospects
and barriers. JAMA 2003;290:1183-1189.
Wass V, Wakeford R, Neighbour R, Van der Vleuten C. Achieving acceptable reliability in oral examinations:
an analysis of the Royal College of General Practitioners membership examination's oral component.
Medical Education 2003;37:126-131.
Hutchinson L, Aitken P, Hayes T. Are medical postgraduate certification processes valid? A systematic
review of the published evidence. Medical Education 2002;36:73-91.
van der Vleuten CP, Schuwirth LW. Assessing professional competence: from methods to programmes.
Medical Education 2005;39:309-317.
Carr SJ. Assessing clinical competency in medical senior house officers: how and why should we do it?
Postgraduate Medical Journal 2004;80:63-66.
Veloski J, Boex JR, Grasberger MJ, Evans A, Wolfson DW. Systematic review of the literature on assessment,
feedback and physicians' clinical performance*: BEME Guide No. 7. Medical Teacher 2006;28:117-128.

19

Chapter 1
(24) Eva KW, Bordage G, Campbell C et al. Towards a program of assessment for health professionals: from
training into practice. Advances in Health Sciences Education 2016;21:897-913.
(25) van der Leeuw R, Lombarts K, Arah O, Heineman MJ. A systematic review of the effects of residency
training on patient outcomes. BMC Medicine 2012;10:65.
(26) Davis D, O'Brein MAT, Freemantle N, Wolf FM, Mazmanian P, Taylor-Vaisey A. Impact of Formal Continuing
Medical Education. Do Conferences, Workshops, Rounds, and Other Traditional Continuing Education
Activities Change Physician Behavior or Health Care Outcomes? JAMA 1999;282:867-874.
(27) Davis DA, Taylor-Vaisey A. Translating guidelines into practice: a systematic review of theoretic concepts,
practical experience and research evidence in the adoption of clinical practice guidelines. Canadian
Medical Association Journal 1997;157:408-416.
(28) Davis DA, Thomson MA, Oxman AD, Haynes RB. Changing physician performance: a systematic review of
the effect of continuing medical education strategies. JAMA 1995;274:700-705.
(29) Wenghofer E, Klass D, Abrahamowicz M et al. Doctor scores on national qualifying examinations predict
quality of care in future practice. Medical Education 2009;43:1166-1173.
(30) Tamblyn R, Abrahamowicz M, Dauphinee D. Physician scores on a national clinical skills examination as
predictors of complaints to medical regulatory authorities. JAMA 2007;298:993-1001.
(31) Terry R, Hing W, Orr R, Milne N. Do coursework summative assessments predict clinical performance? A
systematic review. BMC Medical Education 2017;17:40.
(32) Buckley S, Coleman J, Davison I et al. The educational effects of portfolios on undergraduate student
learning: A Best Evidence Medical Education (BEME) systematic review. BEME Guide No. 11. Medical
Teacher 2009;31:282-298.
(33) Miller A, Archer J. Impact of workplace based assessment on doctors' education and performance: a
systematic review. British Medical Journal 2010;341:c5064..
(34) Thistlethwaite JE, Davies D, Ekeocha S et al. The effectiveness of case-based learning in health professional
education. A BEME systematic review: BEME Guide No. 23. Medical Teacher 2012;34:e421-e444.
(35) Donabedian A. Models for Organizing the Delivery of Personal Health Services and Criteria for Evaluating
Them. The Milbank Memorial Fund Quarterly 1972;50:103-154.
(36) Donabedian A. The quality of medical care. Science 1978;200:856-864.
(37) Kassirer JP. The quality of care and the quality of measuring it. New England Journal of Medicine
1993;329:1263-1265.
(38) Chassin MR. Part 3: Improving the quality of care. New England Journal of Medicine 1996;335:1060-1063.
(39) Ernst E, Resch kL. Fibrinogen as a cardiovascular risk factor: a meta-analysis and review of the literature.
Annals of Internal Medicine 1993;18:956-963.
(40) Leape L, Edward Park R, Solomon DH, Chassin MR, Kosecoff J, Brook RH. Does inappropriate use explain
small-area variations in the use of health care services? JAMA 1990;263:669-672.
(41) Gandhi TK, Berwick DM, Shojania KG. Patient safety at the crossroads. JAMA 2016;315:1829-1830.
(42) Dunbar SB, Koretz DM, Hoover HD. Quality Control in the Development and Use of Performance
Assessments. Applied Measurement in Education 1991;4:289-303.
(43) van Zanten M, Norcini JJ, Boulet JR, Simon F. Overview of accreditation of undergraduate medical
education programmes worldwide. Medical Education 2008;42:930-937.
(44) Baartman LKJ, Bastiaens TJ, Kirschner PA, van der Vleuten CPM. Evaluating assessment quality in
competence-based education: A qualitative comparison of two frameworks. Educational Research Review
2007;2:114-129.
(45) Govaerts MJB, van der Wiel MWJ, van der Vleuten CPM. Quality of feedback following performance
assessments: does assessor expertise matter? European Journal of Training and Development
2013;37:105-125.
(46) Boulet J, van Zanten M. Ensuring high-quality patient care: the role of accreditation, licensure, specialty
certification and revalidation in medicine. Medical Education 2014;48:75-86.
(47) Specialist Education Accreditation Committee. Standards for Assessment and Accreditation of Specialist
Medical Programs and Professional Development Programs by the Australian Medical Council 2015. 2016.
Kingston, ACT Australia, Australian Medical Council Limited.

20

Introduction
(48) Barzansky B, Hunt D, Moineau Gv et al. Continuous quality improvement in an accreditation system for
undergraduate medical education: Benefits and challenges. Medical Teacher 2015;37:1032-1038.
(49) Batalden PB, Davidoff F. What is 'quality improvement'and how can it transform healthcare? Quality and
Safety in Health Care 2007;16:2.
(50) Bolger F, Wright G. Assessing the quality of expert judgment. Issues and analysis. Decision Support Systems
1994;11:1-24.
(51) Snyder W, Smit S. Evaluating the evaluators: Interrater reliability on EMT licensing examinations.
Prehospital Emergency Care 1998;2:37-46.
(52) Hillen HFP. Quality assurance of medical education in the Netherlands: programme or systems
accreditation? GMS Z Med Ausbild 2010;27:Doc23.
(53) Russell JP, ASQ Audit Division. What are quality assurance and quality control? http://asq.org/learn-aboutquality/quality-assurance-quality-control/overview/overview.html. 2017. Accessed 4-7-2017.
(54) Norcini J, Anderson B, Bollela V et al. Criteria for good assessment: Consensus statement and
recommendations from the Ottawa 2010 Conference. Medical Teacher 2011;33:206-214.
(55) Donabedian A. Quality Assessment and Monitoring: Retrospect and Prospect. Evaluation & the Health
Professions 1983;6:363-375.
(56) Donabedian A. Evaluating the Quality of Medical Care. Milbank Quarterly 2005;83:691-729.
(57) Paltridge D. Prevocational medical training in Australia: where does it need to go? Medical Journal of
Australia 2006;184:349-352.
(58) Lack CS, Cartmill JA. Working with registrars: a qualitative study of interns' perceptions and experiences.
Medical Journal of Australia 2005;182:70-72.
(59) Dalley P, Ewan C, Pitney WR. Assessment of an Australian Medical Internship. Medical Education
1984;18:181-186.
(60) Dent AW, Crotty B, Cuddihy HL et al. Learning opportunities for Australian prevocational hospital doctors:
exposure, perceived quality and desired methods of learning. Medical Journal of Australia 2006;184:436440.
(61) Rolfe IE, Pearson S, Sanson-Fisher R, Fardell SD, Kay FJ, Gordon J. Measuring the hospital experiences of
junior doctors. Medical Education 1998;32:312-319.
(62) Kilminster SM, Jolly BC. Effective supervision in clinical practice settings: a literature review. Medical
Education 2000;34:827-840.
(63) Landy FJ, Farr JL. Performance Rating. PsychologicalBulletin 1980;87:72-107.
(64) Kline TJB, Sulsky LM. Measurement and assessment issues in performance appraisal. Canadian
Psychology/Psychologie canadienne 2009;50:161-171.
(65) Mitchell M, Srinivasan M, West DC et al. Factors affecting resident performance: Development of a
theoretical model and a focused literature review. Academic Medicine 2005;80:376-389.
(66) Wherry S, Bartlett CJ. The control of bias in ratings: A theory of rating. Personnel Psychology 1982;35:521551.
(67) Hoyt WT, Kearns MD. Magnitude and Moderators of Bias in Observer Ratings: A Meta-Analysis.
Psychological Methods 1999;4:403-424.
(68) Podsakoff PM, MacKenzie SB, Lee JY, Podsakoff NP. Common method biases in behavioral research: A
critical review of the literature and recommended remedies. Journal of Applied Psychology 2003;88:879903.
(69) Herbers JEJr, Noel GL, Cooper GS, Pangaro LN, Harvey J, Weaver MJ. How accurate are faculty evaluations
of clinical competence? Journal of General Internal Medicine 1989;4:202-208.
(70) Noel GL, Herbers JEJr, Caplow MP, Cooper GS, Pangaro LN, Harvey J. How well do internal faculty members
evaluate the clinical skills of residents? Annals of Internal Medicine 1992;117:757-765.
(71) Wilkinson TJ, Wade WB. Problems with using a supervisor's report as a form of summative assessment.
Postgraduate Medical Journal 2007;83:504-506.
(72) Kogan JRM, Conforti LNM, Iobst WFM, Holmboe ESM. Reconceptualizing Variable Rater Assessments as
Both an Educational and Clinical Care Problem. Academic Medicine 2014;89:721-727.

21

Chapter 1
(73) Jelovsek JE, Kow N, Diwadkar GB. Tools for the direct observation and assessment of psychomotor skills in
medical trainees: a systematic review. Medical Education 2013;47:650-673.
(74) Lurie SJ, Mooney CJ, Lyness JM. Measurement of the general competencies of the accreditation council
for graduate medical education: A systematic review. Academic Medicine 2009;84:301-309.
(75) Busari JO, Stammen LA, Gennissen LM, Moonen RM. Evaluating medical residents as managers of care: a
critical appraisal of assessment methods. Advances in Medical Education and Practice 2014;5:27-37.
(76) Veloski JJ, Fields SK, Boex JR, Blank LL. Measuring professionalism: a review of studies with instruments
reported in the literature between 1982 and 2002. Academic Medicine 2005;80:366-370.
(77) Morris MC, Gallagher TK, Ridgway PF. Tools used to assess medical students competence in procedural
skills at the end of a primary medical degree: a systematic review. Med ical Education Online 2012;17.
(78) Jha V, Bekker HL, Duffy SR, Roberts TE. A systematic review of studies assessing and facilitating attitudes
towards professionalism in medicine. Medical Education 2007;41:822-829.
(79) Kogan JR, Holmboe ES, Hauer KS. Tools for Direct Observation and Assessment of Clinical Skills of Medical
Trainees: A Systematic Review. JAMA 2009;302:1316-1326.
(80) Ryle J. Clinical sense and clinical science. Lancet 1934;224:1307.
(81) Christensen CM, Raynor M, McDonald R. What is disruptive innovation? Harvard Business Review
2015;93:44-53.
(82) Hwang J, Christensen CM. Disruptive Innovation In Health Care Delivery: A Framework For Business-Model
Innovation. Health Affairs 2008;27:1329-1335.
(83) Kuhn TS. The Structure of Scientific Revolutions. 2nd ed. Chicago, London: The University of Chicago Press,
1970.
(84) Gleser GC, Cronbach LJ, Rajaratnam N. Generalizability of scores influenced by multiple sources of
variance. Psychometrika 1965;30:395-418.

22

Chapter

2

Supervisor assessment of clinical and
professional competence of medical trainees:
a reliability study using workplace data and a
focused analytical literature review

Based on the publication:
McGill D,
Van der Vleuten C,
Clarke M.
Advances in Health Sciences Education 2011;16(3):405-425.

23

Chapter 2

Abstract
Background: Even though rater-based judgements of clinical competence are widely
used, they are context sensitive and vary between individuals and institutions. To deal
adequately with rater-judgement unreliability, evaluating the reliability of workplace
rater-based assessments in the local context is essential. Using such an approach, the
primary intention of this study was to identify the trainee score variation around supervisor ratings, to compare them to another established measure of clinical performance,
and identify sampling number needs for workplace assessments.
Methods: This reliability study of supervisors’ assessments of trainees in the workplace
has a rater-nested-within-trainee design. Score variation attributable to the trainee for
each competency item assessed (variance component) were estimated by the minimumnorm quadratic unbiased estimator. Score variance was used to estimate the number
needed for a reliability value of 0.80. The same measures were obtained from all available
reliability studies for the mini-Clinical Evaluation Exercise (mini-CEX).
Results: The trainee score variance for each competency item varied between 5.4% for
emergency skills to 37.2% for communication skills, with an average for all competency
items of 19.3%; the “Overall rating” competency item was 27.6%. These variance components translated into 70, 7, 17 and 10 assessments needed for a reliability of 0.80, respectively. The relevant values were slightly better than those observed for the mini-CEX.
Conclusion: In summary, supervisors’ ward-based assessments may be more reliable than
assessments using the min-CEX when comparing trainee score variation and sample number requirements. Therefore supervisors’ assessments can continue to be used as part of
a trainee workplace assessment programme.
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Introduction
Assessment results in any form and in all contexts require validation. A relative scarcity
of good quality published research on the validation for medical education assessment
systems has been highlighted in a number of systematic reviews over the last decade 1-4.
An important aspect of validation is identifying the reliability of an assessment. A well
known assertion is that reliability is a necessary although not sufficient requirement for
claiming validity 5;6, which is separate from internal consistency and content validity 6;7.
The higher the reliability the greater is the maximum possible validity 6.
Detailed knowledge of the problems surrounding observer ratings are well documented in many disciplines, but variation in rater-based assessment of clinical performance is particularly problematic 8-10. Many types of rater bias are commonly manifested
when human judgement comprises part of an assessment process of any type 11-15. Raters
vary in the behaviours they notice, and vary in how they evaluate those behaviours that
do attract their attention, including what they would include in a global assessment 16.
The well recognised rater biases for subjective performance assessment appear to remain ubiquitous 12;12;17;18. Rater variation appears to be universal for the evaluation of
one individual’s competence by another human’s judgment 11;12;19-22. Reducing rater variation and other forms of error will increase the ability of assessments to discriminate
between assessment performances 23, and methods are stated to exist to identify such
potential sources of variation 11;23-25.
The continual improvement in the reliability of rater assessments must be a general
and local educational goal. Hence the reliability of assessments needs to be evaluated
critically, both at a local institutional level and nationally. Using adequate sampling methods to take account of all identifiable unwanted sources of variance in an assessment
programme, rather than an individual assessment, offers one way to improve reliability
26;27
. Choosing an assessment method inevitably involves compromises which may vary
for each specific assessment context 27. However, the ability of any assessment to differentiate trainees’ true competence measured against an accepted standard is still a prime
objective of any method of assessment 23.
Three basic premises exist for this study. The first premise is that the main objective
for a reliability evaluation in the current assessment method is to determine the score
variance attributable to the trainee 23. In an ideal world all the variance should be due to
only differences between the trainees.
Secondly, variance component estimates rather than reliability coefficients provide
more useful information for nested workplace data 28. Variance components are the proportion of the total score variation attributable to different influences that might affect
the trainee score. Examples include the differences between trainees (trainee variance),
supervisor variation (rater variance) and, for assessments using cases, the types of cases
involved (case variance). Nesting in this instance refers to circumstance where repeated

25

Chapter 2
assessments for trainees are performed by different supervisors, meaning that supervisors are “nested in” trainees.
The third premise is that sampling across contexts (workplace) and contents (type of
competence) is essential for both establishing and improving reliability 27. To be able to
evaluate the reliability and sources of variance of rater-based assessments for the workplace, methods are needed to be able to do so easily and repeatedly at a local institutional
level, and allow benchmarking of the findings with other comparable institutions and contexts. The specific aims are to identify the trainee score variation around supervisor ratings, to establish how they compare to another established measure of clinical performance, and demonstrate what the trainee score variation means for sampling judgments
in the context of workplace assessment.

Methods
Context and Population
All available assessments that were used to judge the ability of an intern (trainee) to become unconditionally registered as a medical practitioner in the Australian Capital Territory (ACT) were included. The sample included all trainees for the years 2007 and 2008
at The Canberra Hospital in Canberra and the three secondment hospitals. There were
no exclusion criteria and no exclusion of any assessment. Every assessment performed
was included for all trainees, all supervisors assessing the trainee, and for all competency
items assessed.

Trainee Performance Rating Process
The exact 2007-2008 version of the form and the method of application as recommended
by the then Institute of Medical Education and Training (IMET) personnel were used for
all assessments (Appendix 2.1 IMET Assessment Form). The assessment form was to be
completed during a formative assessment half way through the 10-week term, and again
as a summative assessment at the end of each 10-week term. The competency items
identified on the summative assessment forms for each trainee comprise the unit of analysis for this evaluation. The form is completed by the trainee’s nominated supervisor for
that particular term.
The trainee assessment consists of a number of items representing different types of
constructs of clinical and professional performance to be judged by the assessor. The
trainee assessment occurs within different hospitals and within these different hospitals
within different terms; usually by the same term-based supervisor for trainees rotating
through the term, but not always. The trainee is assessed by 5 different supervisors (5
terms during the year). The supervisor often uses information about the trainee’s competence and performance from other sources. These include other senior medical staff
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in the unit and often registrars. Often opinions are also sought from senior nursing staff
with whom the trainee works on a daily basis, and sometimes from other professional
staff. For relief terms (during which the trainee has a 10-week period when they are seconded to different clinical departments to cover junior doctors away on various forms
of leave), the support medical administrator completes the form following consultation
with senior staff from all the areas where the trainee worked as relief.
The coded de-identified data from all forms were collated in an SPSS database (Version 16) on a high-level-password protected laptop computer. No analysis is about individuals for this purpose, and information about any individual is not accessible from any
public documents produced. This evaluation was undertaken as part of a quality improvement process for the current assessment methods for junior trainees within the network,
therefore Institutional Ethics Committee Approval was not sought.

Reliability Evaluation
Variance components: A reliability study was performed to ascertain the variance components for the assessment of trainees by their supervisors at the end of each clinical rotation. Variance components analysis, a multilevel linear model, was used because the data
for participants is organised at more than one level which will involve repeated measurements of individuals, and because of concerns about identifying latent variables 29. The
competency item score for each trainee assessment provided by different supervisors is
the dependent variable (unit of analysis).
Supervisors are nested with trainees because different supervisors (raters) rated each
trainee. This study design was a rater-nested-within-trainee design. Ideally, most of the
variance is explained by the trainee, and that variance is equivalent to the “true score” in
classical measurement theory. All other variance, that is the variance explained by the
raters, all interactions and random effects, is considered error. Since the design is raternested-within-trainee there are only two measurable sources of variance: trainee assessment score variance and what would be considered error variance. The error variance
includes rater effect, trainee-rater interaction, general error variance and trainee x rater
x general error interaction variance. The general error includes the confounding effects
by latent unidentified confounding variables and random error.
The variance components were estimated by the minimum norm quadratic unbiased
estimator, (MINQUE), ANOVA III, and the restricted maximum likelihood 30. Because of
the potential for bias in workplace evaluations, all variance components are fully reported
and also expressed as percent variance of overall variance. Assessments with missing
items were excluded for the primary analysis. However, a sensitivity analysis of the effect
of missing values was performed by re-analysing with missing values substituted by an
average of the sub-items.
The variance components analysis was undertaken for each of the competency items.
Some of the variance components had negative estimates. For these results, the

27

Chapter 2
Maximum Likelihood (ML) method was used to determine if the competency items having negative variance components were redundant. If redundancy was confirmed, then
any such variance components found with ANOVA III or MINQUE (I) were assumed to be
zero. Analysis by ANOVA III was used to identify the degree of freedom.
Comparison with another assessment: To provide an understanding of the validity of the
variance component results for our supervisor’s assessments, a similar analysis for variance components was performed from published data about the mini-clinical evaluation
exercise (mini-CEX). The mini-CEX was chosen because it is considered one of the most
studied and validated competency assessment methods for the direct observation of
medical trainees’ clinical skills 3. The percent variance due to the trainee and the number
of assessments for a minimum adequate reliability (NAMAR) coefficient ≥0.80 will be
compared. The application of the following formulae allows these calculations 6: Reliability (R) = σ2subjects /{σ2subjects + (σ2error/n)} and therefore n = σ2error/{(σ2subjects/R) - σ2subjects}
where σ2 is variance, σ2subjects is variance due to the subjects assessed (trainees in this
case), σ2error is the variance not due to the trainee, R is 0.80, and therefore n = the number
of assessments needed to achieve an R of 0.80.

Results
Supervisors assessments
A total of 374 assessments (trainee and supervisor interaction for an end-of-term assessment) were performed involving 74 trainees, and 73 supervisors. Fourteen supervisors
were female (19.2%) and contributed 107 assessments (28.6%). The 59 male supervisors
(80.8%) provided 267 (71.4%) of the assessments. There were 46 female trainees (62.2%)
who had 229 (61.2%) assessments, compared to 28 males (37.8%) having 145 assessments (38.3%). From the 74 trainees, 29 had 5 assessments, 9 handed in 4 and 2 had 3
assessments available. From all assessments nearly one third of supervisors (31.5%) performed only 1 assessment and 7 performed 10 or more assessments, there being a wide
dispersion of the number performed by any one supervisor.
Mean scores for all competency items were all above 3, 4 of 14 competency items had a
median of 4, and the rest 3 (Table 2.1). No trainee was rated less than optimal for “Professional obligations” and “Professional responsibility”.
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Table 2.1 Descriptive Statistics for Competency Items
Competency Item

Valid
number

Mean (SD)

Median*

Knowledge Base

373

3.28 (0.500)

3.00

Clinical Skills

374

3.39 (0.539)

3.00

Clinical Judgement/decision making

373

3.42 (0.601)

3.00

Emergency Skills

318

3.20 (0.474)

3.00

Procedural Skills

339

3.29 (0.490)

3.00

Communication

374

3.56 (0.543)

4.00

Teamwork Skills

374

3.63 (0.501)

4.00

Professional Responsibility

374

3.61 (0.488)

4.00

Aware of Limitations

372

3.44 (0.503)

3.00

Professional Obligations to Patients

372

3.46 (0.499)

3.00

Teaching/Learning

334

3.29 (0.474)

3.00

Time Management Skills

372

3.40 (0.547)

3.00

Medical Records

370

3.39 (0.506)

3.00

Overall Rating

374

3.49 (0.542)

4.00

Note. *Inter-quartile range for all items was 3 to 4

There were negligible low ratings for Procedural skills (0.06%), Team skills (0.05%),
Awareness of limitations (0.05%), Teaching and Learning (0.06%), and Medical Records
(0.11%). Furthermore, Procedural skills (0.06%), Teaching and Learning (0.06%), and
Medical Records (0.11%) have more associated variability in the scores.
The number of assessments with the same score for every item of the “Clinical” construct was 165 from 374 (44%), and for the “Professionalism” construct was 140 from
374 (37%). Seventy six (20.4%) assessments were all scored the same across every item;
35 (9.4%) being all 4s for every item and 41 (11%) being all 3s for every item.
The variance components analysis was undertaken for each of the competency items.
Each competency item was analysed and the variance, percent variance and degrees of
freedom are summarised in Table 2.2. Error variance is dominant as the main effects for
the variance components of the different competency items (Table 2.2).
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Table 2.2 Trainee true score and percent variance
Competency

Trainee variance

Error variance

Trainee variance with
averaged score added for
missing values

%
Variance
% Variance Variance
d.f.
Variance
component component component
component*

% Variance
component

Variance
component

Knowledge

17.0

0.042

83.0

0.205

298

15.6

0.039

Clinical Skills

18.1

0.052

81.9

0.235

299

16.1

0.047

Clinical Judgement 29.5

0.104

70.5

0.249

298

29.7

0.108

Emergency Skills

5.4

0.012

94.6

0.210

243

9.6

0.021

Procedural Skills

11.4

0.027

88.6

0.210

264

9.5

0.023

Communication
Skills

37.2

0.107

60.8

0.181

299

36.1

0.108

Teamwork Skills

24.9

0.061

75.1

0.184

299

24.6

0.060

Professional
Responsibility

16.6

0.039

83.4

0.196

299

14.5

0.034

Awareness of
Limitations

16.7

0.042

83.3

0.210

297

13.0

0.033

Professional
Obligations

15.5

0.044

84.5

0.240

297

15.6

0.040

Teaching and
Learning

10.8

0.024

89.2

0.198

259

11.7

0.026

Time Management 21.8

0.063

78.2

0.226

297

21.2

0.064

Medical Records

18.3

0.046

81.7

0.206

295

17.1

0.042

Overall Rating

27.6

0.079

72.4

0.207

299

26.6

0.082

Averaged items

19.3

80.7

18.6

Note. d.f. = degrees of freedom obtained from an ANOVA III analysis; *all d.f.=74

Apart from communication skills, clinical judgement overall rating, the variance contributions for the trainee were less than 25%. For this type of data-set the interaction effects
cannot be separated and are considered part of the residual variance 28. All variance apart
from that due to the trainee is considered error variance. The re-evaluation using the
average of the scores for the missing values did not change the variance components
overall (Table 2.2).

Comparative Mini-CEX results
The variance component values from a study with a crossed design 31 obtained under the
more controlled conditions help to position the variance results from the current workplace assessment evaluation. The controlled conditions for the comparison study involved using trained experienced raters and control over potential biases from the supervisor knowing the candidate, the hospital type and “in-house” circumstances. Using the
data from the main table of the published report 31, the percent contribution of each of
the main effects demonstrates the relative contribution of these effects to the overall
30
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variance of the dependent variable, namely the competence rating for each item (Table
2.3). For the crossed design other error variance components can be identified, namely
rater variance, case-related variance and all interactions. These variance components exemplify the importance of rater variance and trainee-rater interaction effects, and identify potential avenues for intervention to improve rater reliability.
Generally, the variations of the score due to the person being assessed (trainee) are
21.3% or less for all competencies (11% to 21%). As observed by Margolis et al (2006),
the other main effects with relevant contribution to score variance are the rater (21% to
30%), and the residual (referred to as the Trainee x Rater x Case effect which was between 32% and 45%). Each of these effects on score variation is greater than the variance
due to the examinee for all competencies assessed.
Similarly, when the variance components are compared to other studies that have
been reported as a reliability assessment of the mini-CEX, the trainee variation is always
substantially smaller than that due to error, which is score variance not attributable to
the trainee (Table 2.4). The “overall competency” or “averaged” item competency was
only reported for these studies; individual competency items were not reported in the
workplace-based studies. The results position the reliability of an overall rating of competency using supervisor’s assessments from the current study in comparison to a
method of assessment, the mini-CEX which is used as part of assessment programs in
many institutions (Table 2.4).

31

32

18.1*

19.2

2.4

22.6

7.9

5.9

2.8

39.3

Trainee#

Trainee

Case

Rater

Trainee x Case

Trainee x Rater

Case x Rater

Trainee x Rater x Case

45.0

0.3

8.1

7.9

25.3

2.3

11.0

Physical exam skills

35.3

0.7

8.6

4.4

30.0

0.8

20.0

16.6**

38.4

1.4

4.8

18.7

21.7

0.4

14.7

29.5

Humanistic qualities Clinical judgement
professional

36.5

1.9

4.1

7.7

27.4

1.5

20.8

21.8***

Organisation and
efficiency

79%

Error variance

83%

17%

Hill et al
2009 60

96%

4%

Weller et al
2009 61

82%

18%
44

76%

34%

Cook et al
Cook et al
2009 54 before 2009 54 after
training
training

Note. *Controlled study with a crossed design; #within year of training; **Norcini et al 2003 , Nair et al 2008
was not provided

72.4%

21%

Margolis et
al 31*

Trainee variance 27.6%

Current
study

32.3

1.8

4.2

7.5

29.1

0.3

21.3

NA

63

94%

6%#
and Davies et al 2009

75%

15%

64

82.2%

17.8%

Averaged
Percentage
(all studies)

38.0

0.5

4.9

13.5

21.0

1.7

20.5

27.6

Overall
competence

are not included as the information

72%

18%

Norcini et al
1995 62

Counselling skills

Wilkinson et al de Lima et al
2008 45
2007 43

Table 2.4 Percent variance for the competency of “Overall Rating” from studies evaluating the reliability of the mini-CEX

#current study; *combined as “clinical skills”; **professional responsibility; ***time management; NA not assessed

Medical interview
skills

Effect

Table 2.3 Percent variance components for individual competencies from the mini-CEX study with a fully-crossed design (Margolis et al 2006 31) compared to the current study
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Variance Components, Reliability Coefficients and NAMAR: Continuing with the same line
of analysis, it is feasible to use the data to provide a reliability coefficient, not for reporting
reliability but allow the calculation of the number needed to optimise the reliability coefficient to the recommended ≥ 0.80
alues.
v Therefore, the number of observations of a
trainee’s competency item can be estimated from known data for the same supervisors
(they may change with context and supervisors). The number of assessments needed to
improve the assessment reliability varies between the competency items substantially,
ranging from 7 for assessing communication skills to 70 for assessing emergency skill (Table 2.5).
Table 2.5 Number of assessments for a minimum adequate reliability (NAMAR)
Observed Competency

NAMAR
R=0.80*

Reliability
Coefficient
(R)

Knowledge

20

0.51

Clinical Skills

18

0.52

Clinical Judgement

10

0.68

Emergency Skills

70

0.22

Procedural Skills

31

0.39

Communication Skills

7

0.75

Teamwork Skills

12

0.62

Professional Responsibility

20

0.50

Awareness of Limitations

20

0.50

Professional Obligations

22

0.49

Teaching and Learning

33

0.38

Time Management

14

0.58

Medical Records

18

0.53

Overall Rating

10

0.66

Average

17

0.54

2
subjects

2
subjects

2
error

Note. R (reliability coefficient)={σ
/( σ
+σ
/n)},
n=5 assessments per trainee; *rounded to even number

Using the overall competency rating as a guide, supervisors’ assessments in the population investigated in this study are as reliable as the most reliable direct observation workplace-based assessment 3. For the current, study the “Overall competence” rating percent variance for the trainee is 27.6% for which 11 supervisor assessments are needed to
achieve a reliability coefficient of 0.80. Trainee percent variance from the crossed-design
study of the mini-CEX 31 for “Overall competence” rating is 21% for which 15 assessments
are needed. When “Overall competence” rating percent variance for the trainee from all
the workplace studies of the mini-CEX are averaged, the value is 17.8%, meaning 19 assessments on average are needed to achieve adequate reliability.
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Discussion
This evaluation of the reliability of supervisors’ assessments provides supporting evidence for continuing problems with rater (supervisor) related assessment of clinical competency, and it is not merely a local contextual problem. The observations are consistent
with what has been identified previously and make it clear that the well-known problems
with rater judgements continue to “plague” this form of assessment and reduce its reliability 9;11;12;19. The key issues of sampling adequately, identifying competencies that are
inconsistently assessed, and the need to use as many assessors as possible are again highlighted 32. However, it is also clear that the supervisors’ assessments in this study are
more consistent, or less inconsistent, than the mini-CEX assessments. Therefore, supervisors’ assessments provide another acceptable source for an assessment program if adequate context and number sampling are achievable. However, each institution would
need to evaluate their own supervisors to ensure they have comparable reliability.
The classic psychometric model simply partitions total variance into true variance and
error variance, resulting in the potential for variance due to any response bias being regarded as true variance 33. Estimates of interrater reliability will therefore be biased if any
of the response errors (halo, leniency and range restriction) are included in the measurements 33. These biases can result in responses to assessment items which do not reflect
the competency being assessed. This will affect the reliability because of variation in true
score interpretation between assessors, and possibly a reduction in the range of individual differences in the score. The impact on the validity of an assessment will therefore be
twofold, a reduction in the reliability and inappropriate interpretation of the item construct 34. Given the evidence for response bias in this study, the use of variance components rather than the potentially biased reliability coefficients for this type of workplace
data-set appears useful for evaluating the reliability of rater-based assessment.
Variance component analysis: Variance components, although expected to be reported
25
, have not usually been considered a primary outcome for a reliability study. However,
the developers of Generalisability theory believed that “The most important function of
a Generalisability study is to estimate variance components” 35. Cronbach emphasised
the importance of variance components over reliability coefficients: “Coefficients are a
crude device that does not bring to the surface many subtleties implied by variance components” 28p394. Indeed, “the generalizability (G) study collects data for the purpose of
estimating the components of variance of a measuring procedure; the decision (D) study
collects data for the purpose of making decisions or interpretations” 35.
Although reliability coefficients were not used as a prime measure of reliability, the
range obtained (table 5) are within the predicted value for general job performance ratings 36;37. The average interrater reliability of supervisory ratings of job performance is
0.52 36. In job performance assessment using 9,975 first-line supervisors from 79 different
organizations, the asymptotic levels of reliability were 0.55 for duty ratings and 0.60 for
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ability ratings, even with 10-20 years of experience by the rater 37. A similar range of reliability coefficients were demonstrated in 1959 38, and repeated in 2007 39 by studies attempting to improve the measurement of the clinical performance of medical students.
The variance components documented in this evaluation are similar to those observed in other medical education studies of various forms of assessment involving rater
judgements of the competence of other people 18;31;40-43. The variance involving the rater
with rater variation can be larger than that for the trainee as it is for the mini-CEX 31; and
with the interactions between the rater and trainee, and the residual (“error” component) also being substantial 18;31;40-43. Large residual variances suggest that other confounders might be affecting the reliability of assessments, and these need to be identified
and evaluated given their unwanted effects 44. For example, confounders could include
the setting and context, gender of the trainee and/or supervisor, and professional designation of the rater 45. Such potential confounders could be examined as part of any reliability study in the local workplace context.
The absence of a dominant trainee main effect, that is a large variance component
for the trainees, can be interpreted as showing a lack of discriminability 11. It could also
indicate some or all of range restriction, a lack of interrater agreement and other biases
11
. The presence of a significant rater-by-ratee interaction has been interpreted as showing the presence of a halo effect 46. Narrow standard deviations indicate a greater possibility for a halo effect and/or range restriction 11. The ratings by a sizable proportion of
supervisors were the same between and across assessments. A large number of assessments were rated the same across the constructs. Nearly 30% of the scores have a median of 4, the maximum score. This lack of variation within individual supervisor’s assessments will either artificially increase or decrease the trainee score from the “true” score.
Importantly it will also reduce the variance of the overall mean of the trainees’ scores if
the supervisor has the tendency to rate all the trainees similarly.
The “grade inflation” observed in this evaluation is perceived as a pervasive problem
in all forms of higher education, including postgraduate medical education 47-49. The
scores for trainee assessment show that the majority or a large minority of trainees perform better than expected in every competence construct, suggesting an elite group of
trainees with a ceiling effect, supervisors with low expectations, or other issues of leniency bias 50. A large rater main effect shown by the variance analysis can be interpreted
as indicating leniency (or severity) 46;50. Large trainee by supervisor interaction indicates
that the relative competence of trainees during their ward performance differed across
supervisors. However such detailed evaluation of how the error variance components are
distributed cannot be accurately determined for nested-unbalanced types of data-sets
and so inferences about the causes of any rater error cannot be made 28.
These observations suggest a number of other possibilities; examples include: (1) a
true ceiling effect for the abilities of the trainees; (2) little variation in trainee competence; (3) a leniency tendency and/or range restriction; and (4) the competency item
meaning may not be understood or differently interpreted. Furthermore, the
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observations may not be related to rater error alone. Poor scale development or true
narrowness of competence among the trainees could contribute. The “coarseness” of the
scale, and the fact that the rating-scale has a midpoint that differs from the numerical
midpoint, potentially will cause biased scoring 6;11. For discrete response scales, evidence
supports the use of 7 plus or minus 2 categories for many judgment tasks for most judges
33
. Rating-system design has an important bearing on the ability of human beings to function as reliable data recording instruments 51. Greater reliability may be achieved from
methods using many discrete judgements than from methods utilising fewer but more
global judgements 51. Importantly, the “conceptual precision” about what the competency items means may not be optimised 11. This interpretation highlights the possibility
of equating validity to a measurement concept, validity as a form of accuracy and precision measurement.
Sampling estimation: The required sampling numbers documented in this study are not
new: “For individual items the number of observations required for reliable results vary
from 10 to 32 with an average of 18” 52. The number needed to improve reliability for an
assessment (NAMAR) is often considered part of the outcome measures for reliability
studies of workplace-based data sets evaluating comparative reliability. In this evaluation,
5 end-of-term assessments have been used to determine competency. A much larger
number of assessments than what is currently required are needed to improve reliability
of this form of assessment. This is a well-known requirement for rater-ratee based assessments 33.
Content sampling is as important as the number of assessments. The assessment
method should reliably assess the particular competency-construct stated. Marked variation in the ability of the supervisors to reliably assess different competencies is evident.
Clearly some competencies are not easy for supervisors to consistently assess and should
probably be discarded from this type of assessment. The NAMAR should therefore be
identified for each competency item, not just for global scores. Each individual competency has relevance to patient care and need to be individually explicated for any trainee
during their formative years. Alternative more reliable methods to evaluate these specific
competencies need to be identified and used as part of an assessment program, again
highlighting the need for assessment programs 27.
Comparison to the mini-CEX and Other Studies: The variance component results for this
study of supervisors’ assessment reliability show similar results to that found with the
mini-CEX. This is of concern because the mini-CEX has been described as the most reliable
of the observational methods assessing the clinical competence of trainees in internal
medicine 53. It is possible that obtaining 20% variance due to the trainee is all that can be
expected for this and other types of rater-based assessment. This possibility is supported
by the information from a well-designed study assessing the reliability of the mini-CEX
method 31. The variances attributable to the trainee for the competence constructs assessed in this study are of the same order. The measurable variation of supervisors’
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ratings and the size of the error component are substantial. It is worth noting that Cook
and colleagues 54 demonstrated an improvement in reliability with rater training (Table
2.4), although not for rater accuracy.
The results of other studies over many years using variance components analysis, usually performed as part of a reliability study using generalisability theory methods, produce
trainee variance component results similar to that found in this evaluation 40;55;56. The
study by Margolis and colleagues 31 was selected as a comparator example because of
the optimal design with low likelihood of having many latent variables affect the variance
components, the design being more likely to give the “true” variance contribution of the
trainees to the overall variance with fewer likely confounding factors. The variance due
to the individual items attributable to the trainee in the current study is comparable.
Moreover, a large study of a similar population with potentially similar latent variables 40
demonstrated person-related variances less than those observed in this evaluation. In
that study 40, calculation of the percent variance for the averaged item values for Obstetrics and Gynaecology, Internal Medicine and Surgery were 13.8%, 5.9% and 11.0% respectively (calculated from Table 2.3 40). Trainee score depended on the particular rater
that the trainee was assigned and the unique context – the relative rank orderings of the
students varied considerably depending on the rater and the context: “… variation between raters overwhelms the true performance differences between the students.” 40.
In summary, for workplace data-sets the variance component for the trainee effect
should be the focus of reliability assessments for every competency item thought to be
important for clinical competence, in conjunction with the identifying number of assessments needed to improve each competency assessment’s reliability within a local context. This form of evaluation may lead to a process to more easily identify any local influences that reduce the variance due to the trainee, and provide a basis to test the efficacy
of any proposed interventions to improve supervisor assessments.
Limitations: An important limitation for the methodology used for this evaluation relates
to competency item construct interpretation and hence conceptual precision about the
construct. But this is an old and recurring problem. It is assumed that one supervisor is as
competent to judge the competency of an individual as another, so that an individual
rater can be treated as a constant factor 57. However, the supervisor in different contexts
provides a specific assessment which will include their understanding of the construct of
the competency being assessed. The understanding of the constructs is attributed to
each supervisor, and there is no measure of how supervisors interpret the constructs. It
is unknown if they are using the same interpretation, whether the judgement can be
treated as a constant factor, whether the assessor is as competent as another to make
the assessment, and even if the assessor is competent at all to make the assessment 57.
These results from a small local evaluation combined with information from previous
research suggest that an improvement in rater-based assessments in general is still required and has been case since 1920 19, 1951 58, 1971 21, 1992 59, 2003 12 and still it is so.
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The current findings for the reliability of supervisor assessments indicate that when the
variance of trainees and the number needed to achieve adequate reliability are used as
the measure of reliability (or utility), the supervisors in this study obtain at least the same
outcomes as past studies and those about the mini-CEX. This study again emphasises the
need to ensure that an adequate number of assessments are obtained for any workplace
performance evaluation using rater judgements, highlighting the ongoing need for improvement recognised 40 years ago 21.

Conclusions
Ideally the variance within any assessment method should be predominantly related to
differences between those being assessed. Score variation between trainees is low for
end-of-term assessments for the population studied. Score variation between trainees is
also low for the mini-CEX, as shown in other studies. The amount of variation attributable
to error is large. The number of supervisors’ assessments needed to improve reliability is
substantial but similar to the mini-CEX. The variance components for the individual competence constructs indicate that the ability of supervisors to identify some competence
constructs is particularly poor. These observations once again highlight the importance
of appropriate evaluation of rater-based assessments to identify the number needed to
achieve an acceptably reliable assessment and to identify which competence constructs
can be reliably assessed.
The methodology used in this study allows individual institutions or institutional networks to estimate the number of assessments needed for minimally acceptable reliability
for each competency in their institution with their particular assessors. Moreover, supervisors’ assessments can reasonably be used as part of a trainee workplace assessment
program when appropriate sampling requirements are established.
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Abstract
Background: Supervisor assessments are critical for both formative and summative assessment in the workplace. Supervisor ratings remain an important part of such assessment in many educational jurisdictions even though there is ambiguity about their validity
and reliability. The aims of this evaluation are to explore the: (1) construct validity of
ward-based supervisor competency assessments in a particular context; (2) reliability of
supervisors for observing any overarching domain constructs identified (factors); (3) stability of factors across subgroups of contexts, supervisors and trainees; and (4) position
of the observations compared to the established literature.
Methods: Evaluated assessments were all those used to judge intern (trainee) suitability
to become an unconditionally registered medical practitioner in the Australian Capital
Territory, Australia in 2007–2008. Initial construct identification is by traditional exploratory factor analysis (EFA) using Principal component analysis with Varimax rotation. Factor stability is explored by EFA of subgroups by different contexts such as hospital type,
and different types of supervisors and trainees. The unit of analysis is each assessment,
and includes all available assessments without aggregation of any scores to obtain the
factors. Reliability of identified constructs is by variance components analysis of the
summed trainee scores for each factor and the number of assessments needed to provide an acceptably reliable assessment using the construct, the reliability unit of analysis
being the score for each factor for every assessment.
Results: For the 374 assessments from 74 trainees and 73 supervisors, the EFA resulted
in 3 factors identified from the scree plot, accounting for only 68 % of the variance with
factor 1 having features of a ‘‘general professional job performance’’ competency (eigenvalue 7.630; variance 54.5 %); factor 2 ‘‘clinical skills’’ (eigenvalue 1.036; variance 7.4 %);
and factor 3 ‘‘professional and personal’’ competency (eigenvalue 0.867; variance 6.2 %).
The percent trainee score variance for the summed competency item scores for factors
1, 2 and 3 were 40.4, 27.4 and 22.9 % respectively. The number of assessments needed
to give a reliability coefficient of 0.80 was 6, 11 and 13 respectively. The factor structure
remained stable for subgroups of female trainees, Australian graduate trainees, the central hospital, surgeons, staff specialists, visiting medical officers and the separation into
single years. Physicians as supervisors, male trainees, and male supervisors all had a different grouping of items within 3 factors which all had competency items that collapsed
into the predefined ‘‘face value’’ constructs of competence indicating the presence of
Factor instability in some subgroups
Conclusions: These observations add new insights compared to the established literature.
For the setting, most supervisors appear to be assessing a dominant construct domain
which is similar to a general professional job performance competency. This global construct consists of individual competency items that supervisors spontaneously align and

46

The validity and the reliability of global competency constructs
has acceptable assessment reliability. However, factor structure instability between different populations of supervisors and trainees means that subpopulations of trainees
may be assessed differently and that some subpopulations of supervisors are assessing
the same trainees with different constructs than other supervisors. The lack of competency criterion standardisation of supervisors’ assessments brings into question the validity of this assessment method as currently used.
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Background
Assessment and evaluative feedback during supervised training and clinical work plays a
crucial role in the achievement of professional and medical competence for medical trainees 1;2. Consistency and quality of that evaluative feedback in the workplace is essential
for learning as well as standard setting 3. Clinical supervisors play an integral role in workplace-based formative and summative assessments. For such assessments, the measurement “method” is the supervisors’ interpretation of the competency construct and their
ability to recognise it in the trainee being assessed 4.
However, as previously stated evidence abounds about variation in the quality of
workplace-based competency assessments 5;6;6-9. One reason for variation in quality of
assessments, among many, relates to problems with the assessor’s ability to consistently
identify and evaluate competency constructs being assessed 6;10-12. In 1927 Remmers and
colleagues raised concerns that it is commonly assumed that one rater is as competent
to judge the competency of an individual as another and that an individual rater can be
treated as a constant factor 13. However, a rater in different contexts provides a specific
assessment which will include their own understanding of the competency construct being assessed without any measure of how different raters interpret the constructs. Although this issue has been known for decades 13, whether raters are using the same interpretation for competency based assessments in medical education is still uncertain. For
example it is unclear whether the rater’s judgement can be treated as a constant factor,
whether the rater is as competent as another to make the assessment, or if the rater is
competent at all to make the assessment 9;14-20. Moreover, differences in the understanding and categorization of competency constructs could affect their reliable interpretation
21
. Supervisors may even be assessing something in a valid way which is not identified by
the stated constructs 4. The identification of possible variation in the competency construct interpretation between raters has not been a routine undertaking for the widely
used supervisor end-of-term assessments.
Identifying sources of variation in rater-based competency assessments, as previously
identified 14, still needs more clarification 21. Furthermore, to reliably interpret raterbased assessments the attributes that are meant to be identified should be validly linked
to the measurement 22. In addition, global-constructs as well as individual competency
items need evidence of being reliably identified, since the competency items on which
global constructs are based show measurable variation for rater-based assessments 6;12.
Even differences in the description of individual competency items can affect the reliability of assessment 6. Although studies of the reliability of individual competency items for
rater-based assessments proliferates, the routine evaluation of how reliably any globalconstruct, a competency-domain, can be assessed has not been a routine undertaking in
the validation processes of rater-based assessments.
As previously indicated the literature about supervisor-based competency assessments has consistently highlighted major problems with competency construct validity,
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problems that also exist for other rater-based assessments 5;9;20;23. Exploratory factor
analysis (EFA) has commonly been used as part of the evaluation of the validity for global
ratings of trainee competences, including construct validity. Despite diversity in methods,
processes and the type of competency constructs being assessed, small numbers of factors have been consistently obtained. Competency items may or may not align with a
small number of a priori determined global-constructs that represent major global competency domains used for deciding the clinical and professional competency of medical
practitioners. Factor numbers have varied in past studies according to different times and
contexts, and so may not be stable identifiers of competency 22;24;25. The ordered evaluation of potential confounding influences on rater-based assessments has not been consistently performed.
In summary, the investigation of expected and/or latent competency constructs, the
evaluation of confounding influences on supervisor construct interpretation, and the
evaluation of the reliability of global constructs have not been routinely undertaken for
supervisors’ assessments in the workplace. The aims of this study were to explore these
issues using exploratory factor analysis (EFA) of end-of-term supervisor ratings within a
specific population and context for medical trainees. The first aim was to determine if
individual competency items align with “face value” domain constructs defined a priori
or, if alternate or additional latent factors exist. Secondly to evaluate the stability of the
factor structure for the assessment process and determine if the overall factor structure
observed is affected by different contexts such as hospital type, and different types of
supervisors and trainees. Thirdly introduce the concept of using reliability measures as a
routine for the application of global-competency constructs for assessment.

Methods
Sampling context and participants
Context and Population: The assessments used in this study were end-of-term and summative. They provided information about the competency of an intern (trainee) and were
the assessments used by the Australian Capital Territory (ACT) Medical Board to grant full
registration for the trainee to practice as a fully registered medical practitioner in Australia (see Chapter 2). The sample included all de-identified assessments of trainees for
the years 2007 and 2008 at The Canberra Hospital which is a tertiary referral level teaching hospital in Canberra, Australia, with three associated peripheral hospitals to which
trainees were seconded for one term. There were five rotation terms and the trainee had
a supervisor for each rotation. Therefore, the trainee was generally assessed by five different supervisors. If a trainee fails a term assessment, that term is repeated with additional attention to remediation. The medical registration would be delayed until a satisfactory assessment was provided.
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The supervisor often used information about the trainee’s competence and performance from other sources. These include other senior medical staff in the unit and often
registrars. Often opinions were also sought from senior nursing staff with whom the
trainee works on a daily basis, and sometimes from other professional staff. All supervisors at the time were experienced at being term supervisors, and had been recruited as
volunteers after being nominated by their department. No formal training in supervision
or assessment was provided.
As previously described in Chapter 2, there were a total of 374 assessments (trainee
and supervisor interaction for an end-of-term assessment) involving 74 trainees and 73
supervisors. From the 74 trainees, 64 had 5 assessments, 12 handed in 4 and 2 had 3
assessments available 12. From all assessments nearly one third of supervisors (23 of 73)
performed only 1 assessment (6.1% of all assessments), with 93.9% of assessments being
performed by 2 or more supervisors. Seven performed 10 or more assessments. There
were no exclusion criteria and every assessment performed was included for all trainees,
all supervisors and for all competency items assessed, as previously described 12.

Trainee performance rating process
The exact 2007-2008 version of the form and the method of application as recommended
by the former Institute of Medical Education and Training (IMET) personnel were used
for all assessments 12. The coded de-identified data from all forms were collated in an
SPSS database (Version 19) on a high-level-password protected laptop computer. The
analysis was with anonymous data and precluded the identification of any individual. This
evaluation was undertaken as part of a quality improvement process for the current assessment methods for junior trainees within the hospital. As such, Institutional Ethics
Committee Approval was not sought.
The trainee assessment form used by supervisors describes a number of competence
items representing different types of constructs of clinical and professional performance
to be judged by the assessor. The form used for 2007-2008 was partitioned into 4 domain
constructs: (1) Clinical; (2) Communication; (3) Personal and Professional; and (4) Overall
competency. Each competency item was presumed to be measuring several different dimensions of an overarching clinical competence needed by medical practitioners for independent practice. The rating form used in this study included 14 competence items
with a 5 point scale format, 4 of which described levels of competency (requires substantial assistance, requires further development, consistent with level of experience, performance better than expected); and one which allowed a statement of “not applicable/notobserved” 12. No previous validation of the form and process has been made available or
published.
The overall clinical construct was composed of explicitly stated competency items,
namely: (1) knowledge base assessing “adequate knowledge of basic and clinical sciences
and application of this knowledge”; (2) clinical skills assessing the demonstration of
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“appropriate clinical skills including history taking and physical examination”; (3) clinical
judgement/decision making skills assessing demonstrating “the ability to organize, synthesise and act on information”; (4) emergency skills assessing “ability to act effectively
when urgent medical problems arise, including acknowledgement of own limitations and
need to seek help when appropriate”; and (5) procedural skills assessing “the ability to
perform simple procedures competently”.
The overall communication construct consists of two explicitly stated competency
items: (1) communication assessing the “ability to communicate effectively and sensitively with patients and their families; and (2) teamwork skills assessing the “ability to
work effectively in a multidiscipline team”.
The overall personal and professional constructs consist of six defined competencies
consisting of: (1) professional responsibility assessing “professional responsibility”
demonstrated through “punctuality, reliability and honesty”; (2) awareness of limitations
assessed by acknowledging “own limitations and seeking help when required”; (3) professional obligations to patients assessed by “showing respect for patient autonomy and
quality information sharing”; (4) teaching/learning by demonstrating that ”participates in
teaching and/or education activities”; (5) time management skills assessing ability to “organize and prioritize tasks to be undertaken”; and (6) medical records assessing the ability
to “maintain clear, comprehensive and accurate records.
The final separate competency item was “overall” assessment of performance during
the term, with the specific descriptor: “Overall performance during the term. This should
be consistent with ratings above” (See Appendix 2.1 for summative assessment form).

Factor and component analysis
Principal component analysis (PCA) with variance maximizing (Varimax) rotation was used
for data reduction to test whether the competency items reduced into domains consistent with their stated group competency meanings. Principle Axis Factoring (PAF) was
used for the EFA to determine if there were any potential latent factors. The unit of analysis was each assessment, and thus includes all trainee and all supervisor assessments
without aggregation of any scores.
Varimax orthogonal rotation was chosen a priori to obtain a linear combination of
factors to maximise the variance of the factor loadings but also minimise any correlation
between consecutive factors. Orthogonal rotation was also used to maximise the potential for reproducible methods 26. Only those samples with data evaluation results indicating that the sampling was adequate were to be used to ensure that appropriate factor
analysis was undertaken 27;28.
To standardize accepted descriptions, components will subsequently be referred to
also as Factors 27;29. The criteria for Factor extraction follow traditional recommendations
27;28
. Components with Eigenvalues greater ≥130 and Parallel Analysis 31 were initially used
to assess the component and Factor solution. These provided a 2 and 1 Factor solution
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respectively. However, an examination of the Scree plot 27 indicated a possible 3 component model with an Eigenvalue > 0.6. Factor loading values >0.55 were accepted for inclusion into the component model. Loadings of 0.6 and above were considered "high"
and those below 0.4 were considered "low" 29.

Exploring the reliability of Factors as competency domain constructs
Latent Factors may or may not be equivalent to a priori determined global domain constructs. They may also provide more reliable scores than for the individual observed competence items comprising the latent Factors or the global domain constructs 29. To assess
the reliability of the Factor, the competence item score for each individual assessment
were added for each identified Factor. The columns of the data matrix comprised the
total scores for the grouped competence items representing each Factor. The rows of the
matrix of summed scores of each Factor were the trainees’ assessment by a specific supervisor. Because each trainee assessment is the unit of analysis, the rater was nested
within the trainee. Using variance components analysis, the percent variance attributable
to the trainee for each summed Factor score was identified, with all other variance considered error 12. Variance components were estimated by the minimum norm quadratic
unbiased estimator (MINQUE) which was chosen because it requires no distributional assumptions and is recommended for unbalanced study designs 32. For the data-matrix
there were only two measurable sources of variance: trainee assessment score variance
and what would be considered error variance. The error variance included rater effect,
trainee-rater interaction, general error variance, and trainee-rater-general error interaction variance. The percent variance due to the trainee and the number of observations
needed to achieve a reliability coefficient of 0.80 can be calculated using the standard
reliability formula from Classic Test Theory 33. The unit of analysis for the variance components was the trainee scores for each competency by different supervisors. Homogeneity of the competence items comprising a Factor was measured using Cronbach’s alpha.

Evaluation of the stability of component (Factor) structures for supervisor
assessment
Sensitivity analysis: A comparison between PAF and the PCA was performed as a sensitivity
analysis. This is theoretically appropriate for latent variable investigation 34. Comparing the
PAF and PCA results as a sensitivity analysis arose from the debate about practical differences between component and factor analysis 34;35. Solution similarity between the two
methods is stronger for well-designed data sets, and solutions become dissimilar under
poor conditions for analysis 35. A comparison of the solutions between factor and component analysis was used also to evaluate the stability of the solutions.
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Factor stability: To assess Factor stability, those variables having differences in scores as
assessed by univariate analysis were evaluated individually regarding their influence on
the Factor structure. The variables that had differences in scores of some competency
items were intern and supervisor gender, clinical type of supervisor, place of training
(Australia or overseas), and central or peripheral hospital. Because of multiple variable
testing the significance level was set a priori at a p-value<0.01). The subgroups further
analysed by PCA analysis needed the characteristics indicating adequate sampling as described above.

Results
Every trainee was assessed and every available assessment was included in the data analysis. Approximately 2.3% evaluations of individual competency items were not scored.
The demographics of the population and reliability of the assessment process has been
previously reported 12. The basic score data are all provided in Table 3.1.
Table 3.1 Descriptive Statistics for Competency Items
Competency Item

Valid
number

Mean (SD)

Median*

% of assessments % of assessments
with low ratings of identified as being
1 or 2
unable to be
assessed by
supervisors

Knowledge Base

373

3.28 (0.500)

3.00

1.9

0.3

Clinical Skills

374

3.39 (0.539)

3.00

2.1

0

Clinical
Judgement/decision
making

373

3.42 (0.601)

3.00

4.8

0.3

Emergency Skills

318

3.20 (0.474)

3.00

2.5

15

Procedural Skills

339

3.29 (0.490)

3.00

0.1

9.4

Communication

374

3.56 (0.543)

4.00

1.9

0

Teamwork Skills

374

3.63 (0.501)

4.00

0.3

0

Professional
Responsibility

374

3.61 (0.488)

4.00

0

0

Aware of Limitations

372

3.44 (0.503)

3.00

0.3

0.5

Professional Obligations 372
to Patients

3.46 (0.499)

3.00

0

0.5

Teaching/Learning

334

3.29 (0.474)

3.00

0.3

10.7

Time Management Skills 372

3.40 (0.547)

3.00

0.3

0.5

Medical Records

370

3.39 (0.506)

3.00

0.8

1.1

Overall Rating

374

3.49 (0.542)

4.00

0.3

0.3

Note. *Inter-quartile range for all items was 3 to 4
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Component analysis
Analysis of the data for appropriateness for Factor analysis: An evaluation of competence
item correlation and sampling adequacy indicated that the data were appropriate for
Factor analysis.
In summary, all competence item correlations r-values are > 0.30 and <0.70 with pvalues <0.001; Cronbach’s alpha = 0.935, and therefore the error variance = (1-α2) =
12.6%; Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.923; Bartlett's Test of
Sphereocity p-value <0.000; and measures of sampling adequacy from the anti-image
correlation matrix except awareness of limitations were > 0.900, with mostly low antiimage covariances indicating that the variables are relatively free of unexplained correlations (evidence for sampling adequacy is provided in the reference 36).
Criteria for extracting the Factors: Extraction communalities (estimates of the variance in
each variable accounted for by the Factors) for each competence item are reasonably
high indicating common variance due to the Factors. All extraction communalities were
above 0.60 and below 0.85 again suggesting that the small sample size is adequate (Table
3.2).
Separated competency items into different Factor clustering: The data analysed with a
PCA with Varimax rotation demonstrated good indicators of factorability, and the residuals indicate the solution was adequate. The first component (Factor 1) includes clinical
judgement, communication, teamwork skills, professional responsibility, time management skills and overall rating (highlighted in bold type in Table 3.2). Factor 1 contains
competency items that range across all pre-defined overall competency domains. The
second component (Factor 2), defined as an overall “Clinical” domain, includes all 5 competency items under this pre-defined overall construct (highlighted in bold type in Table
3.2). The third component (Factor 3) includes many but not all of the “Personal and professional” overall competency construct (highlighted in bold type in Table 3.2). Because
this evaluation was not the original validity assessment, cross-loading competence items
were not eliminated. This left “Clinical Judgement” potentially in 2 Factors. For the reliability assessment of the Factors, “Clinical Judgement” was included in Factor 1 which accounted for most of the variance, and was not included in Factor 2 competence item
score summation.
The majority of the explained variance is associated with Factor 1 which explains
54.4% of the variance. Only the first Factor clusters with the Overall Rating measure (Table 3.2). The difference in the magnitude of the Eigenvalues indicates the relative importance of each Factor in the underlying structure of this rating form.

Interpretation of component definitions
Factor 1 includes competency items with the descriptions of an ability to organize, synthesise and act on information (clinical judgement/decision making skills assessing); the

54

The validity and the reliability of global competency constructs
ability to communicate effectively and sensitively with patients and their families (communication); the ability to work effectively in a multidiscipline team (teamwork skills); the
demonstration of professional responsibility through punctuality, reliability and honesty
(professional responsibility); and the ability to organize and prioritize tasks to be undertaken (time management skills). All of these competencies dimensions could be described
by an overall competency construct of “general professional job performance”, that is,
being efficient and effective for the day-to-day work of a complex professional clinical
workplace environment.
An overall assessment of performance during the term was required to be consistent
with the assessments performed for all the previously assessed competency items. This
was most associated with Factor 1 with a borderline association with Factor 2 (Table 3.2).
Table 3.2 Rotated Factor Matrix for PCA a and PAF b
Competency
Item

Factor 1
(General professional job
performance)

Factor 2
(Clinical skills)

Factor 3
(Professional and Personal)

PCA

PAF

PCA

PAF

PCA

PAF

Knowledge Base

.157

.205

.683

.610

.365

.328

Clinical Skills

.351

.381

.764

.644

.128

.171

Clinical Judgement

.628

.570

.662

.590

-.038

.088

Emergency Skills

.145

.159

.706

.700

.411

.376

Procedural Skills

.191

.253

.680

.605

.349

.313

Communication

.780

.670

.231

.288

.243

.293

Teamwork Skills

.758

.705

.236

.251

.263

.294

Professional Responsibility .650

.587

.094

.134

.460

.473

Awareness of Limitations .230

.259

.276

.307

.736

.604

Professional Obligations
to Patients

.353

.351

.258

.289

.669

.581

Teaching and Learning

.261

.259

.404

.415

.593

.537

Time Management Skills

.609

.549

.361

.397

.420

.420

Medical Records

.509

.454

.204

.280

.566

.518

Overall Rating

.628

.616

.492

.490

.388

.394

Initial Eigenvalues
(% variance)

7.630 (54.5)

7.663 (54.7) 1.036 (7.4)

1.067 (7.6)

0.867 (6.2)

0.861 (6.2)

Cumulative % explained
variance

54.5

54.7

62.3

68.1

68.5

61.9

PCA Extraction Method: Principal Component Analysis; Rotation Method: Varimax with Kaiser Normalization; a.
Rotation converged in 10 iterations
PAF Extraction Method: Principal Axis Factoring; Rotation Method: Varimax with Kaiser Normalization; b. Rotation converged in 13 iterations.

Factor 2 included all the competency items for the predefined construct of “clinical competence” and hence it would be appropriate to continue to be so defined. Factor 3 has
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many of the predefined “professional and personal competency” items collapsing into
one Factor. Also this predefined construct could continue to be defined as such.

Exploring the reliability of combined Factor scores
The homogeneity measures using Cronbach’s alpha were 0.895, 0.861 and 0.832 for Factor’s 1, 2 and 3 respectively. When scores of Factors are obtained for each individual they
are more reliable than scores on the individual observed variables 29, and this was demonstrated with the current study (Table 3.3). Factor 1 (general professional job performance)
and the original construct of communication skills (communication) achieve an acceptable
reliability level in comparison to the other Factors. Factor 1 provides over 40% of the variance attributable to the trainee and only 6 assessments are needed to provide adequate
reliability (Table 3.3). The reliability measures for the summed values of the original a priori
“Clinical”, “Communication” and “Professional and Personal” competency domains are the
alternate Competency constructs 1, 2 and 3 respectively for the overall data. The reliability
evaluation suggests that the supervisors more reliably assess a trainee’s “general clinical job
performance” and communication skills than other competency domain constructs or individual competency constructs (Table 3.3).
Table 3.3 Variance component analysis and NAMAR# for the Component from all the data
Observed Competency

% Trainee
Variance
(d.f. =74)

Variance
% Error
component Variance
trainee
(d.f.=299)

Variance
NAMR
component
error

R

Factor 1 EFA for overall data is a
latent variable “General
professional job performance”

40.4

1.812

59.6

2.676

6

0.77

Factor 2 EFA for overall data
“Clinical skills domain”

27.4

1.204

72.6

3.186

11

0.65

Factor 3 EFA for overall data
“Professional and personal skills
domain”

22.9

0.570

77.1

1.921

13

0.60

Clinical domain “face value”
21.7
original construct for overall data

1.204

78.3

3.186

14

0.58

Communication domain “face
37.8
value” original construct for overall
data

0.326

62.2

0.536

7

0.75

Professional and personal domain 23.7
“face value” original construct for
overall data

0.877

76.3

2.824

13

0.61

# NAMAR = Number of assessments to achieve an acceptable minimum acceptable reliability of R=0.80
d.f. = degrees of freedom; EFA = Exploratory factor analysis; R = Reliability coefficient

Sensitivity analysis for data-reduction results with an exploratory Factor analysis
PAF was used for identification of a latent variable. The same Factor outcomes were obtained for the data-reduction analysis using PCA. The PAF for the overall data yielded a 3
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Factor solution with the 3 Factors consisting of the same grouping of competency items
as was obtained by PCA. Although the Factor loadings sizes were lower for PAF, all the
same Factor loadings remained > 0.50.

Factor stability among sub-groups
The sub-groups used to assess Factor stability for the overall group included female trainees (229 assessments), male trainees (145 assessments), Australian graduate trainees
(232 assessments), staff specialist supervisors (169), visiting medical officer supervisors
(139 assessments), surgeon as supervisors (110 assessments), physicians as supervisors
(123 assessments), assessments preformed in the central hospital (TCH) (283 assessments), and the separate year analysis for 2007 (187 assessments) and 2008 (187 assessments). Apart from the surgical supervisor subgroup and the overseas trained graduates,
those with a sample number >120 had sampling features indicating that the data was
adequate for the Factor analysis model (information available on request).
Some sub-groups did not have sufficient data to allow an adequate PCA or PAF, and
were not used for evaluating their effect on Factor stability.
These included network hospitals alone (91 assessments), medical administrators as
supervisor (63 assessments), emergency physicians as supervisors (75 assessments), female supervisors (107 assessments), and overseas trained graduates (145 assessments).
The subgroup analysis demonstrated that competency items for the subgroups of female
trainees, Australian graduate trainees, the central hospital (TCH), surgeons, staff specialists, VMOs and the separation into single years (2007 and 2008), all collapsed into the
same 3 constructs as defined in the whole population analysis (data not shown).
Three sub-groups had a different distribution of competency items in 3 Factors compared to the overall analysis, suggesting the presence of Factor instability in some subgroups. These were physicians as supervisors (123 assessments), male trainees (145 assessments), and male supervisors (267 assessments). All 3 of these latter subgroups had
competency items collapse into the predefined “face value” constructs of competence
(Table 3.4).
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.294

.776

.649

.571

.765

.688

.218

.153

.125

.312

.207

Knowledge Base

Clinical Skills

Clinical Judgement

Emergency Skills

Procedural Skills

Communication

Teamwork Skills

Professional
Responsibility

Awareness of
Limitations

Professional
Obligations

.395

.350

.284

.484

Time Management
Skills

Medical Records

Overall Rating

.618

.382

.504

.235

.275

.246

.200

.212

.190

.663

.739

.667

.784

.715

Male trainees
n=267

.484

.662

.507

.537

.687

.783

.653

.329

.269

.211

.344

.141

.161

.301

.496

.507

.526

.242

.766

.839

.680

.382

.186

.184

.235

.238

.465

.269

Male Supervisor Physician
n=145
supervisor
n=123

Factor 2

.430

.624

.315

.663

.742

.792

.583

.186

.345

.269

.399

.115

.174

.374

Male trainees
n=267

.564

.327

.532

.186

.375

.094

.475

.788

.782

.330

.128

.593

.486

.095

.502

.290

.459

.179

.305

.132

.431

.789

.837

.193

.164

.528

.300

.109

Male Supervisor Physician
n=145
supervisor
n=123

Factor 3

.447

.250

.488

.187

.265

.125

.445

.873

.739

.257

.014

.518

.333

.090

Male trainees
n=267

*Table only includes subgroup populations with an altered factor structure compared to the whole population; see text for groups with stable factor structures
n=number of assessments

.514

.464

.582

Teaching and Learning .441

.311

.218

.104

.278

.819

.817

.632

.653

.783

Male Supervisor Physician
n=145
supervisor
n=123

Competency
Item

Factor 1

Table 3.4 Rotated factor matrix for sub-populations having different factors loadings compared to the whole population*
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Discussion
This study raises the possibility that supervisors are able to more reliably assess a domain
of competence consistent with a general professional job performance construct. Supervisors group together a set of competencies that differentiates a potentially useful construct about trainees’ competency which may only need 6 assessments for an adequately
reliable assessment. This is much fewer than other individual competency items or predefined domain constructs in this population of supervisors and trainees. The caveat to
such an observation is that it at present can only be implied for the population studied.

Construct validity: comparison with the literature
Past investigations have not made a great impact on improving this area of assessment.
No consistent set of individual competency items or overall domain constructs have been
developed. From the published literature there is no way of identifying what global judgements about clinical competence can be best made by supervisors, especially what can
be generalised to different contexts. Moreover, the question is still not answered as to
what the raters are assessing with the global performance assessments. Many of the issues raised in this study have been noted many times before 10;22;37. As identified by the
authors of one of the more recent studies, there may be little to be gained by using multiitem forms in their current structure for assessing trainees’ clinical performance 38.
The past reports of supervisors’ assessments of trainees’ competencies have made
many similar observations to those of this current study (Appendix 3.1 List of past studies
using factor analysis). A large proportion of unexplained variance and only a small number
of Factors have been identified in most studies. However marked variation exists about
the criteria used to form the assessments as well as variation in the competency items
used and the formats of the forms. The definitions of what the observed factors may be
measuring, that is factor interpretation, also vary a great deal between previously reported studies. Some educators believe that noncognitive variables, such as involvement
and motivation, may be more important in the assessment of competence than
knowledge 39;40.
Even though there is no consistent agreement about what should be measured by
supervisors, the characteristics combining to form a “general professional job performance” global competency would be valued in most work-based activities. This construct
consisted of competency items that cross the predefined face-value construct domains
of clinical competence, communication competence, professional behaviour competence, and overall competence. Hence this is a different construct needing an alternative
interpretation and definition. As stated above, one such interpretation could be as a
“general professional job performance” construct. The presence of a general job performance Factor is a well-documented observation for workplace job performance evaluation in the general workplace research literature 41;42 and possibly for medical
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competency assessment 43. The characteristics of our “general professional job performance” are similar to those described in the general workplace 41.

Reliability of supervisors’ assessment of global constructs
An aspect not well evaluated in the past is the reliability characteristics of the global constructs. Only two studies evaluated the reliability of Factor constructs by raters for trainees 38;44. To achieve a generalizability coefficient of at least 0.7, 11 physician-associate
ratings were required for each competency area; and for the rating of overall clinical skills,
10 physician-associate ratings were required to achieve a generalizability coefficient of
0.7 44. These values are of similar to those found in our study but for a lower level of
reliability. Another recent study used intra-class correlation (ICC) and also demonstrated
low inter-rater reliability among faculty preceptors in their evaluation of medical students
38
. This additional approach to assessing construct validity is useful for determining an
adequate application in the workplace in a practical way and should be considered as a
routine part of construct validation.

Stability of Factors
Only a minority of previous studies evaluated the stability of Factors to evaluate the effect
of different contexts, variables and/or raters. The majority of studies did not even attempt to establish whether the Factor structures found were stable across different subpopulations. Only one attempted a systematic evaluation of a number of potential influences on Factor stability 24. They found that a two Factor structure was stable for groups
of specialties, and residents’ gender and training level 24. Others have shown that Factor
structure in time periods in one year were reproducible 45; and Factor loadings for peer
and supervisor ratings are “quite similar” 22 46. However, others found different years of
training produce different Factors 47. Different groups of evaluators of the same trainees
rate trainees differently. For example Metheny and colleagues found each group used
only one Factor and each group used a Factor entirely different to the others 40. We have
shown both stability and instability. Factor structure stability in in different contexts,
types of raters and types of trainees was stable, while some types of trainees and raters
produced different Factor structures. Such variation highlights the probability that supervisors in different contexts rate differently and that some groups of trainees may be rated
differently. This has important implications for high-stakes assessments and needs further investigation.

Limitations of the study
Many concerns exist about reducing individual competency items to Factors, and they all
apply to the present study. The potential to “lose” information about individual competencies is problematic 22. A detailed understanding of an individual’s strengths and
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weaknesses is not possible, so global domain evaluations of performance may be “relatively useless” for performance counselling 48. “Forced” inferences may also be made
about a clinician’s clinical and nonclinical effectiveness 43. The “need” to give a score will
exaggerate the main method biases of halo, leniency and range restriction. An evaluation
of the psychological and behavioural processes for each performance dimension is not
possible 42. Furthermore, simple data-reduction can hide the classic bias problems of
rater-based decision making 49;50 which is very relevant to supervisor assessments 22.
These aspects are important given evidence that general mental ability and conscientiousness may be the dominant competency and behavioural constructs that influence
job performance 41.
As an a priori decision, the extraction rules were not based on the most parsimonious
factor solution. This choice was made because of the ubiquitous problem of method bias
which would reduce the number of Factor solutions. Because of this and other potential
biases, theoretically interesting new constructs could be missed altogether if too few Factors are included in the data analysis. Exploration of uncertainty requires an ability to
identify subsets of items that may reveal an otherwise hidden pattern in the data 31. Since
the Factors extracted were not to be considered definitive, the least parsimonious
method was used to choose the number of Factors to be extracted. The changes in the
Scree plot were used to define 3 Factors. The effects of this decision are illustrated by
applying other extraction rules. The Kaiser Eigenvalue of 1 gave a 2-factor solution. Parallel Analysis gave an initial Eigenvalue of 1.3 which gave only a 1-factor solution. For
Parallel Analysis eigenvalues are calculated for randomly generated data sets of the same
dimensions (N cases with k items) 35. For this method, data-sets are constructed at random from a population with no Factors, so that the eigenvalues for the random data differ from 1 due to sampling error alone. Therefore, it is possible that a 3-factor solution is
incorrect. However, the 2 factor PAF solution accounted for 53% total explanatory variance and the one Factor PAF solution explained only 48% of the variance. The 3 factor
PAF solution explained substantially more explanatory variance of 68.5% (data not shown
but available on request).

Future implications
These observations require further investigation. Identifying confounding effects of variables that alter the reliability and validity of high-stakes assessments, especially any that
may be changeable, would seem a mandatory requirement. The demonstration of possible factor instability between institutions would also mean that separate evaluation of
different training programmes and even different terms within training programs may be
needed. Results in one institution may be different to another. Each training programme
may have differing contextual characteristics that influence the validity of a supervisors’
assessment. However, firstly the observations need to be replicated in a larger population.
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The testing of inferences about constructs identified by EFA needs to be considered a
normal follow-on for construct validation since any defined competency constructs by
EFA can only be considered tentative possibilities. Given the potential for major errors in
construct interpretation because of common method biases 50, the fitting response to
any observations from an EFA is a follow-on study using confirmatory Factor analysis 51
and/or other prospective hypothesis driven exploration 22. Such inquiry needs greater
emphasis in validation studies for rater-based assessments. However, these types of hypothesis driven analyses often require larger sample populations, possibly needing multiinstitutional studies rather in a local training context, particularly if multiple interaction
variables are to be assessed 52.
That assessment standards need to be developed beyond traditional psychometric
considerations 53 is now well accepted 54. Assessment method development should occur
according to observable, applicable and reproducible standards such as reliability, validity, ease of use, resources required, ease of interpretation, and educational impact 54.
Supervisors’ competency assessments usually are easy to use and interpret, require no
additional resources, and are generally used as an essential part of postgraduate medical
training. Our observations provide support to further investigate the concept of improving the construct validity of judgements made by supervisors. This is essential to improve
the reliability and overall validity of these types of competency assessments.

Conclusions
Firstly, the results are consistent with earlier published research indicating that clinicians
may be only able to view competence in a very small number of broad dimensions. Most
supervisors in this study appear to be assessing a dominant construct domain which is
similar to a general professional job performance concept. Second, in this study population, assessment reliability was improved by identifying the competency constructs that
supervisors spontaneously align, and which together may represent a competency domain that they can more effectively evaluate. This effectiveness was identified by an increased ability to more consistently agree on competency achievement for the equivalent
of a general professional job performance construct. Thirdly, Factor structure instability
between different populations of supervisors and trainees means that some subpopulations of trainees may be assessed differently and that some subpopulations of supervisors are assessing the same trainees differently. There is a critical need for the standardisation of the criterion of competencies used by supervisors for supervisor’s assessments.
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Abstract
Background: Evaluations of clinical assessments that use judgement-based methods have
frequently shown them to have sub-optimal reliability and internal validity evidence for
their interpretation and intended use. The aim of this study was to enhance that validity
evidence by an evaluation of the internal validity and reliability of competency constructs
from supervisors’ end-of-term summative assessments for prevocational medical trainees.
Methods: The populations were medical trainees preparing for full registration as a medical practitioner (74) and supervisors who undertook ≥2 end
-of-term summative assessments (n = 349) from a single institution. Confirmatory Factor Analysis was used to evaluate assessment internal construct validity. The hypothesised competency construct
model to be tested, identified by exploratory factor analysis, had a theoretical basis established in workplace-psychology literature. Comparisons were made with competing
models of potential competency constructs including the competency construct model
of the original assessment. The optimal model for the competency constructs was identified using model fit and measurement invariance analysis. Construct homogeneity was
assessed by Cronbach’s α. Reliability measures were variance components of individual
competency items and the identified competency constructs, and the number of assessments needed to achieve adequate reliability of R> 0.80.
Results: The hypothesised competency constructs of “general professional job performance”, “clinical skills” and “professional abilities” provides a good model-fit to the data,
and a better fit than all alternative models. Model fit indices were χ2/df = 2.8; RMSEA =
0.073 (CI 0.057-0.088); CFI = 0.93; TLI = 0.95; SRMR = 0.039; WRMR = 0.93; AIC = 3879;
and BIC = 4018). The optimal model had adequate measurement invariance with nested
analysis of important population subgroups supporting the presence of full metric invariance. Reliability estimates for the competency construct “general professional job performance” indicated a resource efficient and reliable assessment for such a construct (6
assessments for an R > 0.80). Item homogeneity was good (Cronbach’s alpha = 0.899).
Other competency constructs are resource intensive requiring ≥11 assessments for a reliable assessment score.
Conclusion: Internal validity and reliability of clinical competence assessments using
judgement-based methods are acceptable when actual competency constructs used by
assessors are adequately identified. Validation for interpretation and use of supervisors’
assessment in local training schemes is feasible using standard methods for gathering
validity evidence.
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Background
As emphasised previously, the evaluation of clinical performance assessments has consistently shown weaknesses concerning their reliability and validity, and for a long time 13
. Documentation of the varying influence of context on assessment ratings 4, including
the effect of rater experience 5, highlight some of the issues around these important
methods of clinical performance assessment. Another central feature of concern is variability in the alignment of competency constructs between different assessors, different
contexts and different time periods 6.
When developing rater-based assessments the identification of competency domains
and the testing of the validity of those domains identified is a well-accepted process 7.
Ensuring construct alignment between what assessors understand are the constructs to
be assessed, especially for latent constructs (not directly observable), and what is expected and used by others is particularly important 6. Different supervisors and assessors
often have contrasting views about competency constructs as well as other latent behavioural constructs 8;9. Construct alignment, accuracy and precision for the interpretation
of the competency constructs used for trainee assessment is essential. If they are not
then each supervisor is constructing their own individual assessment process independent of others’ understanding 10. The competency construct and outcome behaviour need
to be clearly defined in a reliable and valid fashion, otherwise the competency construct
should not be part of any planned assessment process 6.
As an example, poor construct alignment was observed for supervisors’ summative
assessments of pre-vocational trainees in Australia is explained in Chapter 3 11. The actual
competency domains or constructs assessed by supervisors was different to the stated
competency domains they were meant to be assessing 11. For instance, instead of assessing the domains of Clinical Competence, Communication Skills, Personal and Professional Abilities, and an Overall-rating, supervisors assessed a General Professional Job Performance domain, a Clinical Skills domain, and a Professional Abilities domain. Instead
unacknowledged alternative competency domains were used by the assessors. Nonetheless, alternative competency domains identified may be valid and reliable, and if so could
be used as a valid formative and/or summative assessment of those alternative domains.
They just need to be identified, and if their validity and reliability is acceptable, they can
be articulated to the trainee for more accurate and informative feedback.
Methods used to evaluate the validity for competency domain structures include confirmatory factor analysis (CFA), model fit analysis, the demonstration of construct measurement invariance between relevant sub-groups of the populations in the assessment
process, and identification of confounding issues such as common method variance
(CMV) due to biases such as halo and leniency 7. Such a methodological approach is considered normal for the validation process of rater-based competency assessments 7. Indeed research in other fields into their use is not related to whether they should be used
or not, but how to improve their use 12;13.
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The first aim of this study was to evaluate the internal validity and reliability of competency constructs from previously identified but unacknowledged alternative competency constructs for prevocational medical trainees 11. In particular to determine if identified alternative constructs have internal validity and also whether a potentially useful
competency construct defined as a “general professional job performance” competency
is valid. A second aim is to demonstrate the feasibility of using CFA and model fit indices,
measurement invariance methods and CMV estimation for the routine evaluation of the
internal construct validity of competency assessments in a single institution.

Methods
Population and Educational Context
The population and context have previously been described in chapters 2 and 3 11. In
brief, the populations are medical trainees preparing for unconditional registration and
their supervisors who also undertake the assessment. Supervisors are specialty level consultants in a hospital network including secondary and tertiary level hospitals. The assessments used in this study were end-of-term and summative. Trainee scores for each assessment for each individual competency item are considered the primary unit of analysis. The assessment pro forma is provided in Appendix 2.1 IMET Assessment Form. A total
74 trainees provided assessments with 64 trainees having 5, 12 had 4, and 2 had 3 assessments. Analysis was for supervisors with 2 or more assessments and only 6.3% of all
assessments involved only 1 supervisor leaving 349 usable assessments. Otherwise there
were no exclusion criteria and all other assessments performed were included for all
trainees, all supervisors and for all competency items assessed, as previously described
11
.

Analysis
Exploratory factor analysis, as a first-order model with correlated factors, provided the
proposed constructs to be considered in the second-order factor model analysis using
CFA 11. The second-order model represents the hypothesis that the multiple seemingly
distinct individual competency items, as described on an assessment form can be accounted for by one or more common underlying higher order constructs or domains. A
second-order model using CFA is applicable when measurement “instruments”, the supervisors, assess several competency constructs each of which is measured by multiple
items measured. The individual competency items (observed variables) are the first-order
variable and the factors (competency domains or constructs) are the second order variable in the model (Figure 1).
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CFA: CFA is a form of structural equation modelling (SEM). SEM is used to test complex
relationships between observed (measured) and unobserved (latent) variables and also
relationships between two or more latent variables 7. The purpose of the CFA is to examine a proposed measurement model and compare the model fit to other alternative models to ensure the proposed model is the most consistent with participants’ responses.
Reliability: The variance component for each observed competency item, the percent of
variance for each trainee competency score and the individual item reliability coefficient
(R-value) were estimated. Consistency of the item scores and the factors identified (competency domain constructs) was estimated by Cronbach’s alpha and an estimated reliability that takes into account the issues of estimates of true score variance as a function
of item factor loadings and an item’s error variance (ω) were estimated 7. The number of
assessments to achieve a minimum acceptable reliability (NAMAR) coefficient of ≥0.8 was
calculated as a potential benchmarking statistic as previously described 11;14.
Sample size: An a priori evaluation indicated that the sample size is sufficient for a CFA
analysis. Using an anticipated effect size of 0.1 as the minimum absolute anticipated effect size for the model; a statistical power level of 0.90; the number of latent variables of
3; the number of observed (indicator) variables of 11; and a probability level <0.05, then
the minimum sample size for model structure is 129, and the minimum sample size to
detect effect is 149 assessments.
Missing data: Only 2.6% of all scores (127 of 4886) contained missing values, an amount
which normally would be considered low and be dealt with by simple methods such as
trimming. However, the competency items Emergency Skills, Teaching and Learning and
Procedural Skills accounted for 93% (118/127) of all the missing values. Although Little's
MCAR test 15 was non-significant (Chi-Square = 180.441, DF = 172, Sig. = .314) the pattern
of distribution of the missing values indicated a non-random occurrence of missing values. Therefore, these items were removed and analysis was with the remaining 11 competency items. Automatic imputation of missing score values was performed (IBM SPSS
version 19). A repeat factor analysis using the subsequent values after imputation
demonstrated the same factor structure and similar factor loadings.
Assumptions: The assumption of non-normality was made for the CFA in view of the possibility of range restriction and other common method biases such as halo, leniency and
stringency. The estimation method for the CFA was the Mean- and Variance-adjusted
Maximum Likelihood (MLMV) which is a maximum likelihood parameter estimate with
standard errors and a mean- and variance-adjusted chi-square test statistic that are robust to non-normality.
Model fit: Common fit indexes are Chi-square (χ2), the significance of χ2, the ratio of χ2 to
degrees of freedom, Akaike information criterion (AIC), Bayes information criterion (BIC),
Tucker–Lewis index (TLI), Comparative fit index (CFI), root mean square error of approximation (RMSEA with 95%CI), standardised root mean square residual (SRMR) and the
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weighted root mean residual (WRMR) 7;16. An examination of the residuals was conducted
as another indicator of model fit. For one-time analyses the fit indices of TLI, CFI, and
RMSEA will be emphasised 16.
Coefficients: The coefficients of hypothesized relationships and the significance of individual structural path relationships using z values associated with structural coefficients
with the standard errors (SE) for standardised and unstandardized estimates are provided
as an Mplus software Version 7.11 default.
Sensitivity analysis by model comparisons: After examination of parameter estimates, fit
indexes, and residuals, model comparisons and model modifications to the original hypothesized model were a priori planned to identify any possible better fitting and more
parsimonious models 16.
Measurement invariance: Evidence of whether construct validity is the same across 2 or
more population groups will be evaluated by traditional methods to identify measurement invariance across groups 7;17-19. Demonstrating measurement invariance supports
the use of the assessment across gender, race, and other demographically different subgroups 13.
Common method variance (CMV) analysis: CMV is common error variance shared among
variables measured with and introduced as a function of the same method and/or source
20;21
. The causes of CMV in rater-based assessments relate to issues such as leniency,
stringency, range reduction of scores and halo effect. CMV was estimated using the correlation marker method and the unmeasured latent method construct (ULMC) approach.
Since an a priori marker variable was not included in the original assessment, the variable
with the smallest positive correlation in the data set was used as the maker 20;21.
Software: The original EFA was performed using IBM SPSS version 19 and the follow-on
CFA was performed using Mplus Version 7.11 Muthen & Muthen. The path diagram was
created with IBM AMOS version 21 which was also used as a sensitivity analysis for replicating the analysis and for measuring measurement invariance with an ML estimator.

Results
Descriptive statistics
Table 1 displays descriptive statistics and zero-order correlations for variables measuring
trainee competence by their supervisor. Due to the large number of inter-correlations
and the increased risk of a type I error, an adjusted a level of 0.001 was used to indicate
significant bivariate relationships and model fit statistics. Correlations between items varied from 0.353 to 0.697, and all were significantly associated (p<0.001).
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Measurement models
EFA Factor structure: The total variance accounted for increased to 71.9% of total variance. Following imputation of the missing values the 3-Factor model accounted for approximately 73% of the variance.
Confirmatory Factor Analysis: The hypothesised model tested was the factor structure
identified after removal of potentially biasing competency items (Emergency Skills, Procedural Skills and Teaching and Learning), imputation of missing data, and the consolidation of Overall Rating, Time Management Skills, Medical Records, Communication skills,
Teamwork Skills and Professional Responsibility attitude as the dominant first construct
(Factor 1) called a “general professional job performance” competency construct. Factor
2 and Factor 3 were named “clinical skills” competency and “professional abilities” competency respectively. The standardised parameter-estimates with the standard error are
presented in Table 4.1. All item loadings exceeded 0.60 and all differed reliably from zero
(p < .0001).
Model structure: The hypothesised CFA model with continuous factor indicators is shown
in the diagram (Figure 4.1). The model has 3 correlated factors, with the first factor being
measured by 6 continuous observed variables, the second measured by 3 and the third
with 2 observed variables. The ellipses represent the latent constructs (Factors). The rectangles are the observed variables (competency items). The circles are the error terms
for each competency item. Bidirectional arrows between the factors indicate correlation
with an assigned correlation coefficient (eg the correlation coefficient between factor 1
and factor 2 is 0.87). Unidirectional arrows indicate relationships that are predictive. For
example, each of the first 6 observed variables are predicted by the latent variable (Factor
1), and the associated numbers are the standardised regression coefficients.
The directed arrows from the factors (latent variables) to the items (observed variables) indicate the loadings of the variable on the proposed latent factor. Each of the observed variables for the 3 latent competency domains has an associated error term (residual) which indicates that each observed variable is only partially predicted by the latent
factor it is trying to measure. The rest is error.
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Fig. 4.1 Optimal Model, Parameter Estimates and Error Estimates (Residual variances); (See Model Structure in
the text for an explanation of the diagram)
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The numbers to the right of the observed variables are R-squared values (communalities
in factor analysis), which is the proportion of variance explained by the latent competency
factor for the individual item. An example of the interpretation of these numbers is that
a one standard deviation increase on Factor 1 (job performance competence) is associated with a 0.89 standard deviation increase in the “overall rating” score, and is equivalent to a correlation of 0.89 between the factor and the observed variable. The amount
of variance for the overall rating score explained by the competency construct (Factor 1)
is 0.79 or 79%. The same interpretation can be made for the results provided in Figure
4.1 for all the individual item-Factor relationships.
Model fit: Parameter estimates obtained for the hypothesized measurement model are
presented in Table 4.2, along with the model fit for other contending models available
from the data and the context. The 3 Factor Model Factor structure from the EFA identifying a possible general job performance factor as described in Table 4.1 has the best
model fit.
Model fit comparative analysis: As briefly stated in the introduction, the assessment was
originally defined into 3 domains plus an “overall rating” item 11. The original domains
consisted of items thought to measure “clinical skills”, “communication skills” and “professional competencies”. This original domain structure was analysed by CFA for a sensitivity analysis as a proposed explanatory structure, first with all the competencies and
then again with the poorly performing items removed. Both model fit indices were less
optimal than for the hypothesised model. When forced 1 and 2 factor models were evaluated, again the model fit indices were less optimal (Table 4.2). The parsimonious model
with only 11 items and 3 factors, but with a factor 1 construct reflecting competencies
consistent with general professional job performance had the best model fit.
Model parameters: The parameter indices for the optimal model reported in Table 4.1
are also illustrated by the standardized loadings (Figure 4.1). The items’ loadings confirm
that all of the 3 factors are well defined by the items. All the unstandardized variance
components of the factors are statistically significant which indicates that the amount of
variance accounted for by each factor is significantly different from zero.
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0.530

0.396

0.519

0.758
(0.030)

0.643

0.683

0.632

0.552

0.626

0.674

Professional
Responsibility
Time Manage Skills

Medical Records

Knowledge Base

Clinical Skills

Clinical Judgement

Awareness of Limitations 0.550

Professional Obligations 0.601

Factor 1*

0.456

0.387

0.524

0.697

0.745
(0.032)

0.480

0.434

0.530

0.464

0.353

0.457

0.577

0.595

26.9%

3

0.728
(0.030)

0.526

0.535

0.501

0.415

0.383

0.520

0.522

18.1%

4

0.778
(0.027)

0.479

0.447

0.575

0.504

0.459

0.668

24.6%

5

0.715
(0.029)

0.505

0.436

0.467

0.419

0.435

21.5%

6

0.653
(0.043)

0.362

0.447

0.489

0.542

18.2%

7

0.773
(0.032)

0.465

0.457

0.630

17.9%

8

0.808
(0.026)

0.411

0.355

29.6%

9

0.736
(0.039)

0.596

18.3%

10

0.810
(0.036)

19.8%

11

0.869
(0.032)
0.828
(0.036)

40.0%

12

0.700
(0.047)

31.2%

13

22.3%

14

Mean
(SD)
3.49
(0.539)
3.56
(0.541)
3.62
(0.504)
3.60
(0.491)
3.39
(0.544)
3.38
(0.503)
3.28
(0.500)
3.39
(0538)
3.42
(0.600)
3.43
(0.501)
3.45
(0.500)

The diagonal cells contain percent variance for the score due to the trainee; all remaining variance is considered error variance; p<0.001 for all correlations
* Standardised Estimates of constructs with the items defining those constructs (SE) in shaded areas; All 2-tailed p-values <0.000; (see figure 1 for factor structure)

Factor 3*

Factor 2*

0.581

0.637

Teamwork Skills

0.890
(0.015)

0.558

0.655

Communication

36.4%

29.4%

Overall Rating

2

1

Competency Item

Table 4.1 Descriptive statistics, correlations, and reliability results for the competency items, and the standardised estimates and reliability results of the modelled constructs
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116.563 pvalue <0.00

223.258 pvalue <0.00

121.571 pvalue <0.00

211.42 pvalue <0.00

170.483 pvalue <0.00

139.489 pvalue <0.00

46.586 pvalue <0.00

3 Factor
Model 1*

3 Factor
Model 3**

3 Factor
Model 4***

3 Factor
Model#

1 Factor
Model##

2 Factor
Model###

1 Factor OC
Model^

Standardised
root mean
square residual
(SRMR)

2103

3910

3955

4711

3884

4732

3879

2172

4041

4082

4884

4023

4906

4018

0.92

0.91

0.87

0.90

0.92

0.89

0.93

0.95

0.93

0.91

0.92

0.94

0.91

0.95

0.109
(0.080– 0.141)

0.08
(0.066– 0.095)

0.09
(0.077–0.105)

0.07
(0.062– 0.085)

0.08
(0.060– 0.091)

0.08
(0.067–0.090)

0.07
(0.057–0.088)

0.037

0.043

0.050

0.045

0.041

0.048

0.039

0.882

1.11

1.24

1.06

1.07

1.14

0.93

< 0.90

Weighted
root mean
residual
(WRMR)

* 3 Factor Model 1 = Factor structure from SPSS EFA identifying a possible general job performance factor as Factor 1
** 3 Factor Model 3 = Factor structure from EFA using the a priori defined competency domains as 3 proposed Factors
*** 3 Factor Model 4 = Factor structure from SPSS EFA using the a priori defined competency domains as 3 proposed Factors but with potentially redundant items removed
(Procedural, emergency and teach and learn); # 3 Factor model from original EFA with all 14 items; ## 1 Factor model with all 14 items; ### 2 factor model with all 14 items
^1 Factor model with only those items within the “operational competence” construct and no other items; ^^ Source Schreiber J et al16

5.1

3.2

3.9

2.85

3.0

3.0

2.8

Bayes information Tucker–Lewis Comparative fit Root mean square
criterion (BIC)
index (TLI)
index (CFI)
error of
approximation
(RMSEA) (95%CI)

Smaller the
Smaller the
≥ 0.95
ealid ≥ 0.95 ideal <0.06 ideal;
≤ 0.08
better; for model better; for model <0.90 reject <0.90 reject
<0.08 acceptable; and
comparison
comparison
with narrow 95% CI

Nonsignificant
p-value

Ideal
Benchmark^^

< 3;
useful for
nested
models

Chi-squared Ratio of χ2 Akaike
(χ2)
to df
information
criterion (AIC)

Model

Table 4.2 Model Fit Indexes for alternative non-nested models
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Table 4.3 Reliability for Competency Items
Competency Item

Variance
Components

Variances
SEM#

Percent of Total
Variance of
trainees’ scores

Individual item
NAAMAR*
Reliability Coefficient
(R)

Overall Rating

0.084

0.016

29.4

0.676

10

Communication

0.104

0.017

36.4

0.741

7

Teamwork Skills

0.067

0.014

26.9

0.648

11

Professional Responsibility

0.043

0.013

18.1

0.557

19

Time Management Skills

0.071

0.018

24.6

0.620

13

Medical Records

0.054

0.015

21.5

0.578

15

Knowledge Base

0.045

0.015

18.2

0.527

17

Clinical Skills

0.051

0.014

17.9

0.522

18

Clinical Judgement

0.105

0.022

29.6

0.678

10

Awareness of Limitations

0.046

0.013

18.3

0.561

18

Professional Obligations

0.049

0.012

19.8

0.543

16

Competency Domain
Construct 1

2.465

40.0

0.769

6

Competency Domain
Construct 2

0.579

31.2

0.664

11

Competency Domain
Construct 3

0.180

22.3

0.589

13

#

Standard Error of the Measurement; * NAAMAR = Number (rounded to digit) of assessments for adequate
minimum acceptable reliability level of R = 0.80 with the NAAMAR calculated form the formula: R (reliability
coefficient) = {σ2subjects /(σ2subjects + σ2error /n)}, where n = assessments needed per trainee to attain the desired
reliability coefficient

The R2 estimates which provide the amount of variance explained by the competency
item are only moderate. The standardised variance explained by each item are all >0.50,
except “knowledge”, indicating adequate although not ideal convergent validity. Also, all
residual correlations were low, ranging between 0 and 0.028, without any tendency to a
positive and negative value (data not shown but available on request).
Reliability of the model: Within a Single Level Analysis, at the level of the trainee score,
Cronbach’s alpha for Factor 1 was 0.899 (standardised alpha also 0.899), which indicates
a high level of “internal consistency” for the scale with this specific sample within the
context. Removal of any item results in a lower Cronbach's alpha. Cronbach’s alpha for
Factor 2 was 0.786 (standardised 0.788) and for Factor 3 Cronbach’s alpha was 0.745
(standardised 0.745). Removal of any item results in a lower Cronbach's alpha for Factor
2 and Factor 3 only had 2 items. Thus according to this information there is sufficient
internal consistency to use a composite of the scores as a measure of the different constructs. However, the estimated individual reliability is 0.6834 for Factor 1, which is considerably less than that obtained by Cronbach’s alpha and is <0.80 which is the preferred
reliability level.
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283.35
301.60

107
118

Overseas (OTDs) and Unconstrained
Australian Trained
Doctors (ATDs)
All factor loadings
constrained equal
2.556

2.648

2.579

2.775

2.74

2.82

χ2/df

0.067
(0.058-0.076)

0.069
(0.059-0.079)

0.067
(0.058-0.077)

0.072
(0.062-0.081)

0.071
(0.062-0.080)

0.072
(0.063-0.082)

RMSEA
(90% CI)

0.918

0.922

0.918

0.916

0.910

0.914

CFI

0.924

0.919

0.924

0.914

0.916

0.912

TLI

0.0710

0.0718

0.0601

0.0599

0.0739

0.0746

SRMR

18.248

7.299

21.36

Δχ2

0.076

0.774

0.030

0.004

0.002

0.004

p-value for ΔCFI
Δχ2

-0.004

-0.010

-0.004

ΔTLI

0.0008

0.0002

0.0007

ΔSRMR

* Assuming models unconstrained to be correct
# All p-values <0.000 for the model χ2
χ2 = minimum fit function chi-square, RMSEA = root mean square error of approximation, CFI = comparative fit index, TLI=Tucker-Lewis index, SMSR = standardized root mean
square residual, Δ= parameter difference between constrained and unconstrained model.

304.27

118

All factor loadings
constrained equal

296.97

107

323.37

302.01

χ2 #

Unconstrained

118

All factor loadings
constrained equal

Female and Male
Trainees

107

Unconstrained

Female and Male
Supervisors

df

Model

Grouping

Table 4.4 Measurement invariance for nested model comparisons of major sub-groups*
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Moreover, because of the high Cronbach’s alpha value for all the items together, as an a
posteriori evaluation a second-order factor analysis model was investigated with the firstorder factors used as indicators of a second-order factor, that is, an overall latent variable
at a higher level in a model structure with a third level. The model fit was not improved
(Ratio of χ2 to df= 2.8; RMSEA = 0.073 (CI 0.057-0.088); CFI=0.946; TLI=0.927; SRMR=
0.039; WRMR= 0.93; AIC= 3879; and BIC=4018).
The number of assessments needed to achieve an acceptable minimum reliability
level of ≥ 0.80 remains essentially unchanged from previous observations 11 (Table 4.3).
Only 6 assessments for construct 1 are needed to provide a reliable composite score for
the construct expressed by the items.
Measurement invariance: The model fit for all subgroups analysed as separate but nested
groups was acceptable (Table 4.4). Testing for statistical invariance across nested subgroup comparisons (using AMOS and maximum likelihood estimator) indicated acceptable to moderately good model fit for all subgroups. This can be taken as sufficient support
for configural invariance, i.e., equality in the number of latent factors across the major
subgroups analysed. Testing for practical invariance across the subgroups also indicated
acceptable comparisons with negligible difference in the CFI, TLI and SRMR between the
respective groups, thus supporting the presence of full metric invariance (Table 4.4).
CMV analysis: The CMV analysis indicated that method bias was probably present. Partial
Correlational marker method controlling for CMV using lowest item-item correlation
(0.353) and the lowest item-factor (0.653) as the marker both demonstrated a reduction
in the correlation although the correlations remained significant indicating that the relationships were still valid despite the CMV bias (results available on request). This was
supported by the observations from the ULMC method which demonstrated a reduction
in all item-factor correlations after using a common factor ULMC analysis. The model-fit
was also less optimal when adjusted for CMV (Ratio of χ2 to df= 4.6 with a change (Δ) =
1.3; AIC =2393; Δ χ2 = 49; TLI= 0.093;
RMSEA
CFI==0.095;
0.095;
and the SRMR -0.043).
These observations indicate the presence of a probable confounding problem such as
CMV, but confounders are not enough to explain all the observed relationships.

Discussion
This analysis provides further evidence that the competency constructs identified by supervisors are potentially different to those domains presumed to have been assessed in
a global assessment process. These alternative constructs have internal validity and
measurement invariance between important subgroups of trainees. However only one
competency construct, defined as a “general professional job performance competency”,
has a level of reliability that can be easily and pragmatically applied, needing just 6 supervisor assessments to achieve an acceptable level of reliability of >0.80 reliability
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coefficient. The other constructs do not have equal reliability as ≥11 assessm
ents are
needed. For the competency of “general professional job performance” trainees can be
confident that their score interpretation is both precise and accurate if 6 assessments are
obtained over a year. If it was feasible to undertake at least 12 assessments, then the
other competency constructs could also be used.
A “general professional job performance competency” construct would be worthwhile as a component of an assessment program for the workplace when the construct
is assessed by someone observing the trainee over an extended period of time. The presence of a general job performance factor is a well-documented observation for workplace
job performance evaluation in the general workplace research literature 22. A person
competent in general professional job performance would be considered valuable in any
very complex work context, especially when the health of other individuals is involved.
To achieve such an important competency in the workplace, all the characteristics required for the identified Factor 1 would be invaluable, namely: (1) communication: the
“ability to communicate effectively and sensitively with patients and their families”; (2)
teamwork skills: the “ability to work effectively in a multidiscipline team”; (3) professional
responsibility: demonstrated through “punctuality, reliability and honesty”; (4) awareness of limitations: by acknowledging ones “own limitations and seeking help when required”; (5) time management skills: ability to “organize and prioritize tasks to be undertaken”; and (6) medical records: the ability to “maintain clear, comprehensive and accurate records”.
That these characteristics are identified by supervisors and are aggregated as indicated in the correlative factor analysis and confirmed in the internal validity analysis is
not surprising. They are all characteristics of competency behaviours, when displayed by
an individual could lead to positive effective outcomes within an organisational context,
and hence be noticed by a supervisor. They would make work-life easier for the supervisor if applied optimally. These are also behavioural constructs that are not specific to
medical practice or training, and would be expected to be identifiable in any complex
professional workplace. They are also behavioural constructs that are commonly associated with professionalism in general 23.
The feasibility of undertaking a validation analysis has been well demonstrated by this
study, especially the practicality of using CFA, model fit indices, measurement invariance
and CMV analysis methods for the routine evaluation of the internal construct validity of
competency assessments in a single training program. In addition the number of assessments needed to attain a reasonable reliability can identified and applied locally.
Exploratory factor analysis has commonly been used as part of the evaluation of validity for global ratings of trainee competences in the past. Comparable evaluations from
the past of supervisors who rated trainees’ competencies have made similar observations
to those of this current study, as identified in a previous review 11. Despite diversity in
method, process and the type of competency constructs assessed, small numbers of factors (between 1 and 5 but usually 2 or 3) have been consistently obtained. An evaluation
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of how potential confounding influences on supervisor assessments, such as type of supervisor and gender for example, have not been routinely undertaken in the validity evaluation of supervisor assessments. Similarly, the use of CFA or other forms of SEM have
not generally been used for the validity evaluation of these types of global assessment
methods. Although such methods are standard in the psychological assessment and evaluation literature, in general they have had a slow uptake in medical education assessment
and evaluation research. While the methods’ utility in medical education areas was
demonstrated more than 2 decades ago 24;25, construct validation is only now being exploited in other forms of assessment validation 26-28 and validation of evaluation instruments 29.

Limitations of the analysis and observations
Generalisability of the observations: As with all such analyses, these observations may not
be generalizable and the analysis would need to be replicated within each individual assessment program. The conclusions are limited to the particular sample, variables, and
time frame represented by the data-set 12. The results are subject to selection effects
which include bias imposed by the individuals, types of measures, and occasions within
the sampled groups and the particular time. An important potential sequel to this type of
evaluation involves multi-sample SEM or CFA, where the study is undertaken specifically
for the evaluation of model fit and parameter estimates across samples from distinct preselected populations of sufficient sample size for such an analysis 12.
Common method biases: Common method biases leading to common method variation
(CMV) exists when some of the differential covariance among items is due to the measurement method rather than the latent factors 7. The CMV analysis indicated the probability of some confounding effect by inflating the associations between the competency
domain constructs and the items. However, the confounding by CMV does not account
for all the variance. Because one of the major causes of CMV arises from obtaining the
measures from the same rater or source, one way of controlling for it is to collect the
measures of these variables from different sources 20. That is many different assessors.
The reliability analysis provides guidance on how many are potentially needed as a minimum. Reducing the influence of confounding thus can be potentially achieved by developing assessment programs which utilise multiple sources for evidence of competency
30
. If at all possible, intermediate and high-stakes decisions should be “based on multiple
data points after a meaningful aggregation of information” and being “supported by rigorous organisational procedures to ensure their dependability” 31.

Practical implications
The initial adequate fit of the assessment construct model indicates that the hypothesized measurement model is consistent with the observed data. This provides support
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that the model is internally valid as a true assessment construct for the population studied. The stability of the factor structure for the ATDs and OTDs demonstrated the presence of measurement invariance between very diverse groups with significantly different
assessment scores. The demonstration of improved internal validity corresponds to a reasonable reliability for the dominant construct within that structure, namely the ability to
assess a general professional job performance of the trainees. Fewer assessments are
needed to achieve a reliable assessment score for a valid competency construct. Needing
fewer assessments has the potential to increase the cooperation of potential supervising
clinicians. Such outcomes should be a main goal for the development of any rater-based
assessment.
The need to “develop tools to meaningfully assess competencies” 32 continues due to
a seeming inability of the medical profession to adequately address competency assessment in the workplace 33. Basing much of their argument around the concepts proposed
by van der Vleuten and Schuwirth 32, Carraccio and Englander raise the issue of local relevance of any assessment program: “Studying the implementation of assessment tools
in real-world settings—what works and what doesn’t for the faculty using the tool—thus
becomes as critical as demonstrating its reliability and validity” 33. Nonetheless, it is reasonable to expect an appropriate validation process for any new assessment methods
and for entrenched un-validated assessments which “appear” to be working. We have
shown that it is feasible to do so, and to simultaneously identify a useful competency
construct from an otherwise invalid assessment process.
With the current study and previous evaluations 11;14, we have shown that it is possible
to strengthen validation methods applicable to local institutions and within a local workplace assessment system. The above understanding allows the continued use of global
constructs for summative assessments within the workplace; they just have to be validated. Doing so may avoid the incessant changing to “innovative” assessments which are
also devoid of appropriate validation. This approach could involve a continual iterative
improvement program for a formative assessment process and in a context of assessment for learning in the local setting. For example, differences between rater assessments can reflect the causes of common method biases such as leniency, range restriction and halo effect, but also may reflect systematic differences in the raters’ approaches and understanding of performance appraisal and competency constructs, or
both as was observed in this critical analysis 34. It is feasible that improving construct
alignment between assessors may reduce all these types of bias 35;36. In other words, if
raters are calibrated when assessing the same competency construct and provide an assessment of a competency using the same understanding of what that competency construct entails and means, then score variation will be less and hence rater reliability improved. Moreover, the likelihood of common method bias from response bias such as
leniency, range-restriction and halo may be reduced. Thus multi-level analysis such as
with CFA may be a useful outcome measurement to test interventions whose aim is to
achieve construct alignment rather than rely only on reliability measures alone 36. As
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shown in this study the effects on reliability can also be measured simultaneously as part
of the improvement process 37.
Also fine-tuning the quality of supervisors’ assessments is potentially resource effective and may increase acceptability by improving the assessment built into daily work and
identifying the issues needed for improvement. The types of methods used in this study
have the potential to evaluate the validity of assessments occurring in the “authentic clinical environment and aligning what we measure with what we do” 33. The insightful metaphor that a ship may be completely rebuilt gradually whilst still sailing on the open sea
38;39
is apt when it comes to developing assessment programs.
Importantly the analyses described can be used for benchmarking between institutions and assessment programs. If supervisors working in an institution only need 6 assessments to achieve an adequately reliable assessment of any trainee for a particular
competency, this will have both educational and resource related implications. Moreover, the NAMAR from an institution for any form of judgement-based workplace-based
competency assessment, whether it is a supervisor's assessment of professional workplace competence, a mini-clinical evaluation exercise or other form of workplace-based
assessment (WBA), could be used as a benchmark for the quality of supervision when
combined with the CFA evidence of construct alignment between assessors.
Rather than continuing to use invalid assessment constructs and methods, the development of valid constructs could become an integral part of an assessment program
which includes appropriate evaluative processes. For example supervisors’ assessment of
the trainee’s general professional job competency could be added to other WBA tools as
a reliable group of assessment methods 40. Other unreliable and invalid competency construct judgement-based assessment methods can be removed or subjected to an improvement process. Comparison and benchmarking of supervisors’ assessment ability between institutions that use similar programs of WBAs would then be feasible.

Conclusions
The validity and reliability of clinical performance assessments using judgement-based
methods are acceptable when the actual competency constructs used by assessors are
identified using standard validation methods. The validation of these forms of assessments methods in local training schemes is feasible using accepted methods for gathering
evidence of validity, and the information obtained has potential for use in local improvement processes with measurable comparative outcomes. However, issues of validity persist since CMV reduces the strength and therefore acceptability of the evidence for construct validation. The positive side to this finding is that outcome measures are available
for evaluating improvement interventions such as to reduce common method biases such
as halo, leniency, a ceiling effect, and range restriction.
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In general this CFA and reliability analysis confirms what has been previously observed
, namely competency scores from end-of-term supervisor assessments in the format
used for this analysis do not have sufficient validity evidence to justify continued use without critical reappraisal. Any modifications and/or new methods of judgement-based assessments introduced to improve the circumstances also need to be validated during
their development and then in the local context where they are used.

11;14
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Abstract
Background: Ensuring the validity of assessment results for medical trainees is essential
for fairness. Doing so will also provide evidence of assessor ability to provide valid and
reliable feedback about trainee competence.
Aims: To further examine if term-supervisor assessment results used for unconditionalregistration of medical trainees have internal-structure validity; re-interpret the results
as measures of supervisors’ ability to adequately assessing trainees; and explore the feasibility of their use for continuous quality improvement (CQI).
Methods: Supervisor-assessment scores for interns training in Canberra Hospital Australia
provided the data for internal-structure validity evidence testing using confirmatory factor (CFA) with model fit analysis, and respecification. Measurement invariance was analysed to determine if the same variable is being measured across multiple groups. Reliability was measured using Generalisability Theory with a one facet model for a nested
unbalanced data-set to measure score-variance for trainees and the number of assessments for a minimum adequate reliability (NAMAR) value ≥0.80
for each competencyindicator. A minimum number of assessments for CFA and short time-frame were used
to explore the possible use in CQI.

Results: CFA established that a respecified hypothesised three-competency-domain
structure and not the original four-competency-domain structure or initial hypothesised
structure provided the best model fit (χ2,p-value,df=29.298,0.2091,24; χ2/df=1.2
TLI=0.994; CFI=0.996; RMSEA=0.032(95%CI 0.000 to 0.067); SRMR=0.019). Scores for individual competency items were not reliably measured and some were unable to be adequately measured at all. Competency-item reliability was very poor, all having <20% variance due to trainees, and NAMAR values from 13 to >100. Dimensional equal-form invariance was demonstrated by showing the same latent factors still had adequate model
fit within gender subgroups; equivocal equal factor loading and intercept was demonstrated. The above features were measurable with adequate number of assessments in
an acceptable time frame to be used for CQI for supervisors.
Conclusions: Assessment methods for trainees’ competence proposed by certificationbodies for interns were again not validated, bringing into question the fairness of assessment-results used for unconditional practitioner registration. However, routine measurement of assessment results’ validity can be achieved in a time frame acceptable for CQI,
pathing a way for investigating improvement interventions using validity results as outcome measures.
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Background
All practicing doctors have been there, eagerly awaiting the transition from student to
practitioner, usually with some trepidation in the anticipation of working with seniors,
those with the experience and the desired skills, the knowledge applied in the real world.
Learning from example, direct contact and feedback is keenly awaited in the presumption
that even quick learners do better with instruction and direction from the experienced.
All having the ultimate aim to be good doctors and to thrive in the enticing world of medical practice, knowing that well trained and well informed doctors are a critical part of a
safe health system 1. But does that anticipation become the lived experience? Is the eagerly sought feedback plentiful and timely, accurate and precise? Are their supervisors
capable of providing valid and reliable feedback? The purpose of this study is to examine
this last question from an evidence-based and quality assurance perspective.
Assessment of post-graduate year 1 (PGY1) trainees by supervisors is an essential
component in the registration process for unconditional medical practice in many countries. In Australia PGY1 trainees (interns) are assessed at the end of each training term by
their appointed supervisor. That assessment is documented in a term supervisor report.
That report includes a summative assessment of expected competencies, abilities and
behaviours. Supervisor’s reports are one of the requirements for general registration as
a practicing doctor with the credentialing body in Australia, the Medical Board of Australia
which is part of the Australian Health Practitioner Regulation Agency (AHPRA). The requirement of satisfactory term supervisor reports, which consist of a number of features
of trainee performance, includes an assessment process related to specific competencydomains of expected capability. That assessment format has been developed by the Australian Medical Council (AMC) and has been endorsed by the Confederation of Postgraduate Medical Education Councils (CPMEC).
The Medical Board of Australia and the AMC finalised a national framework for medical internship which was implemented in 2014. Standard 4 of a Workplace Based Assessment plan from the AMC stipulates that the assessment plan “includes reliable and validated methods of assessment for the clinical setting” 2. This includes indirect methods
such as structured supervisors’ reports which are usually the Medical Board of Australia’s
structured feedback form 3. This form usually constitutes the term supervisor reports
which are used as part of the registration requirements. A Term Supervisor is expected
to be a senior clinician responsible for intern orientation, supervision and assessment
during a particular clinical term. Consultation with other sources of performance feedback in the workplace and professional contact for the trainee is optional.
This study tests previously identified competency-domains in new populations of
trainees and supervisors 4. Hence the process fits into a continuous quality improvement
(CQI) approach which is essential for assessment programmes 5, including for medical
education 6.
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Study aims: Firstly to determine if term-supervisor assessment results used for unconditional-registration of medical trainees, as expected by the content-experts and certification-bodies, have internal-structure validity; secondly to re-interpret the results as
measures of supervisors’ capability of adequately assessing trainees for a single institution assessment program; and thirdly to examine the potential use of validity evidence to
compare binary groups that could be used for comparing intervention groups for supervisor improvement training. The first aim was achieved by investigating the internal structure validity evidence for the interpretation and use of the results of supervisor assessments in a specific population and with a predefined competency-domain structure, using CFA and reliability analyses. The second aim was achieved by framing the validity results as measures of the quality of supervisors’ assessments, by demonstrating the utility
of the methods used in this study for small scale assessment programs and provide early
collection of internal validity evidence for feedback of assessor accuracy; and by using a
sample size considered minimally sufficient for CFA for potential future use in CQI early
in a training program year cycle. The third aim was explored by evaluating measurement
invariance between nested groups which is important for group comparison.

Methods
Supervisors assessments
The supervisors’ reports include an assessment of specific competency-domains that
have designated titles and competency-indicators 3 which comprise the focus of this
study. The competency-domains are competencies that interns are expected to have and
to display as recommended by institutional regulators and their content experts in Australia. Each domain has anchor indicator-items of specific competency-constructs with
descriptive rubrics for what the construct mean. The scale employed is from 1 to 5, with
descriptions for 1, 3 and 5 levels which provide guidance on what the scale number is
meant to indicate. Each overall competency-domain can be considered a theoretical construct that should be equivalent across populations as measured by competency-indicator-items of a single assessment measure 7. The original competency-domains with associated indicator-items and their descriptive anchors are provided in Appendix 5.1 Additional Tables 5.1 and the assessment form in Appendix 5.2 3.

Population and educational context
A similar population type and context have previously been described 4. The current analysis is on a later trainee group (2014) with a similar group of supervisors and new competency-domains and assessment competency-indicators. In brief, the populations are
medical trainees (interns) preparing for unconditional registration, and their supervisors
who undertake the assessments at the end of each training-term. Supervisors are
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specialty level consultants in a hospital network including secondary and tertiary level
hospitals in Australia. The assessments used in this study were end-of-term and summative. Trainee scores for each assessment for each individual competency item are considered the primary unit of analysis.
A total of 108 trainees and 42 supervisors provided 215 assessments over the first
half of the 2014 year. The analysis was for supervisors with 2 or more assessments. Otherwise there were no intended exclusion criteria and all available sequential de-identified
assessments performed were included for all trainees for early 2014. All indicator-items
assessed were to be included with all available data de-identified. Because a trainees’
code was not provided with the data, only the supervisors’ codes, 66 assessments were
excluded for research ethical reasons. The only way to include these assessments would
have been to identify the trainees and supervisors and align the missing codes to the
data. This highlights the importance of good data management for the purposes of quality and safety evaluation.

Model specification – Selection of the hypothesised internal structure model
The model represents the hypothesis that individual indicator-items, as described on an
assessment form can be accounted for by one or more common overlying higher order
construct competency- domains. The individual indicator-items (observed variables) are
the first-order variable and the competency-domains are the second order variable (Figure 5.1). The hypothesised model is based on previous empirical work from post hoc
model modifications made to identify the model best explaining the competency-dimensional structure of a previous similar assessment 4;8. The indicators for each of the hypothesised competency-domains are provided in Appendix Tables 5.1 and Appendix 5.2
along with the indicator descriptors which are based on a Likert ordinal scale 3.
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Science and
scholarship

Knowledge
Patient Safety
Communication
Patient assessment
Investigations

Clinical practice

Procedures
Patient management
Prescribing
Emergency care
Information management
Population health

Health and
society

Aboriginal and Torres Strait
Islander health
Comorbidities
Quality assurance
Professionalism
Self-management

Professionalism and
leadership
rofessionalism and
leadership

Self-education
Clinical responsibility
Teamwork
Time management
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Analysis methods
Sample size: The sample size of more than 200 is a sample size in theory sufficient for a
CFA analysis as previously calculated 4, and minimally acceptable in the literature 9, noting
that the frequency of model misspecification increases with lower sample numbers.
Missing data: An SPSS-Replacing Missing Data Using Multiple Imputation (Regression
Method) was used to replace a small number (<5% of the complete data set) of nonresponse missing data. Little's Missing Completely at Random (MCAR) Test Little's MCAR
test (Chi-Square = 586.619, df = 563, p=.238) was non-significant so the missing data was
assumed to be missing at random. However visual inspection of the missing data indicates
that the indicator items Aboriginal and Torres Strait Islander and Quality Assurance had
excessively high missing-data as non-response by supervisors (45.6% and 20.5% respectively – see Table 5.1). Nonetheless the technique for replacing missing data using the
regression imputation method is considered appropriate for data that may be missing
randomly or non-randomly, and for data that will be used in inferential analysis 10.
Estimator for the factor model: The Maximum-likelihood (ML) estimator was used for this
study to enable an evaluation of localised areas of misfit 11. The ML estimator was able to
be used because the majority of variables can be treated as normally distributed since
the skewness z-scores compared to zero skewness were < 1.96. The skewness z-scores
for some variables (Knowledge, Investigations, Procedures, Prescribing, Quality-Assurance, and Population-Health) were < 2.58 which is also acceptable for sample sizes > 200
to be able to assume normal distributions 10 required for the application of the ML estimator method.
Assumptions for a CFA: The assumptions of a CFA include multivariate normality, a sufficient sample size (n >200 at an absolute minimum), conceptually justified a priori model
specification, and data from a complete or truly random sample. As a posteriori sensitivity
analysis the variance-covariance matrix was submitted to principle components analysis.
All eigenvalues for all variables were positive and greater than zero, so the data do not
provide an improper solution due to being a singular matrix 11.
Global goodness of fit indices: The overall goodness of fit indices were the Chi-squared
(χ2) along with the df and p-value; the ratio of χ2/df; AIC= Akaike information criterion;
BIC=Bayes information criterion; TLI= Tucker–Lewis index; CFI= Comparative fit index;
RMSEA= Root mean square error of approximation; and SRMR= Standardised root mean
square residual 11;12.
Localised areas of ill-fit: For measurement models the specification of correlated errors
is needed because covariation between indicator-items may be due to sources other than
the common latent factor 11. The residual variance-covariance matrix represents the difference between the sample and the predicted (model-implied) matrix and provides specific measures of how well the variance-covariance for each indicator-item is reproduced
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by the model’s parameter estimates 11. For an ideal model no significant difference between the sample parameters and the model-predicted parameters should be present.
Indicators with negative standardised residuals significantly correlated to other residual
(error) variance-covariance (z-score < -1.96) indicate that the model’s parameters overestimate the indicator relationships 11. When positive they suggest an underestimation
between indicator relationships and imply that additional parameters are needed in the
model. To identify potential areas of confounding for a proposed model structure, it is
necessary to identify the standard errors of the fitted residuals and concomitantly use
the estimated standard errors to compute the standardised residuals which are analogous to z-scores 11.
Model evaluation and potential for re-specification: The hypothesised model evaluation
involved identifying: (1) assessment items with appropriate and measurable reliability;
(2) the overall goodness of model-fit indices as being adequate; (3) if standardised loading
factors were adequate (preferably >0.70); (4) if R2 values were satisfactory (preferably >
0.40); (5) if any focal areas of misfit exist identified by modification indices (MIs) and
standardised residuals; and finally (6) if model respecification is needed to improve the
parsimony and interpretability of the CFA solution 11. The rational of re-specification of
the model was documented, and required at a minimum an improvement of fit of the
modified models including localised fit and a rational justification and the elimination of
localised misfit. Models with many localised areas of misfit need respecification to reduce
the likelihood of biased parameters.
Measurement invariance evaluation: To determine how well the measurement models
generalise across groups, a measurement invariance evaluation is used to demonstrate
whether the indicator-items measure the underlying constructs comparably across
groups, for example gender 11. The measurement invariance evaluation was to be addressed by 11: (1) Testing the CFA model separately in each group; (2) Simultaneously test
for equal form, that is identical factor structure; (3) Test the equality of factor loadings
and intercepts; (4) Test the equality of indicator-item intercepts; (5) Test the equality of
indicator-item residual variances. Then if appropriate the population heterogeneity was
to be tested by 11 (1) Test the equality of factor variances; (2) Test the equality of factor
covariances if multiple factors; and (3) test the equality of latent means 11.
Reliability and NAMAR: The reliability analysis using Generalisability Theory with a one
facet model, trainees nested in assessments and with an unbalanced data-set has previously been described 4. Since the design is trainee-nested-within-assessment, there are
only two measurable sources of variance: trainee assessment score variance and what
would be considered error variance. Variance components analysis using the competency
item score for each trainee assessment provided by different supervisors is the dependent variable. The error variance includes rater effect, trainee-rater interaction, general
error variance and trainee x rater x general error interaction variance. The general error

98

Reframing validity evidence as outcome measures for supervisors’ assessment quality
includes the confounding effects by latent unidentified confounding variables and random error. The number of assessments for minimum acceptable reliability (NAMAR) for
any one trainee in any training program was calculated for indicator-items and domain
constructs as previously described, namely NAMAR = σ2error / {(σ2subjects/0.8) - σ2subjects} 13,
with σ2 being the variance component for error and the subject assessment score.
Software: The original EFA and Generalisability study was performed using IBM SPSS version 24 and the follow-on CFA was performed using Mplus Version 7.11 Muthen &
Muthen.
Ethics approval and consent: As only retrospective analyses of routinely collected and
anonymised data were performed, the study was approved by ACT Health Human Research Ethics Committee’s Low Risk Sub-Committee approval number ETHLR.15.027. The
ethics committee did not require consent to be obtained or a waiver of consent.

Results
Reliability and NAMAR
The reliability for the assessment of each of the indicator-items was poor with all having
<20 percent variance of the assessment score being due to trainee variation except for
the assessment of self-management (Table 5.1). The number of assessments needed to
achieve a minimum acceptable reliability was very high, ranging from 13 for self-management to not being able to be assessed at all (no score variance attributable to the trainees) (Table 5.1). Many other indicator-items had minimal variance attributable to the
trainee for the score, with all or most of the variance due to error variance (Table 5.1).
The indicator-items representing Prescribing, Population health, Aboriginal and Torres
Strait Islander health, Comorbidities, Quality Assurance, and Professionalism were not
measurable by the supervisors since no score variance was attributable to differences
between trainees (Table 5.1). All four of the indicator-items from Domain 3 Health and
Society were not reliably assessed. Of these indicator-items three had a large number of
assessors stating that the competency was not observed (Population health, Aboriginal
and Torres Strait Islander health, and Quality assurance). The other three unreliably assessed indicator-items had minimal number of supervisors specify they were unable to
observe the competency (Table 5.1) so presumably supervisors mostly thought they were
able to make a judgement about that indicator-item.
Reliability of the respecified hypothesised competency-domains: The reliability of the proposed respecified hypothesised competency-domains is poor when composite measures
are used for each competency-domains. More than 20 assessments are needed to obtain
an adequate reliability for the summed scores for each of the three re-specified hypothesised competency-domains (Table 5.1).
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Table 5.1 Trainee score variance and percent of total variance for the full groups
Competency

NAMAR

Trainee variance

Error variance

VC

% VC

VC

% VC

Total df Number not
assessed

1.1 Knowledge

28

0.059

12.4

0.415

2.1 Patient safety

87.6

215

0

39

0.049

9.3

0.481

90.7

214

1

2.2 Communication

20

0.091

17.1

0.460

82.9

212

3

2.3 Patient assessment

24

0.073

14.2

0.442

85.8

214

1

2.4 Investigations

42

0.042

8.8

0.436

91.2

212

3

2.5 Procedures

25

0.064

13.9

0.395

86.1

201

14

2.6 Patient management

33

0.049

10.1

0.399

89.9

215

0

2.7 Prescribing

396

0.005

1.0

0.526

99.0

214

1

2.8 Emergency care

62

0.030

6.1

0.464

93.9

197

18

2.9 Information
management

40

0.057

9.0

0.577

91.0

214

1

3.1 Population health

96

0.017

4.0

0.411

96.0

197

18

3.2 Aboriginal/Torres Strait NA
Islander health

0

0

0.465

100

117

98

3.3 Comorbidities

NA

0

0

0.632

100

211

4

3.4 Quality assurance

NA

0

0

0.443

100

171

44

4.1 Professionalism

NA

0

0

0.563

100

215

0

4.2 Self-management

13

0.125

24.0

0.395

76.0

213

2

4.3 Self-education

27

0.072

13.1

0.477

86.9

214

1

4.4 Clinical responsibility

55

0.036

6.8

0.496

93.2

213

2

4.5 Teamwork

37

0.051

9.8

0.467

90.2

215

0

4.6 Time management

19

0.103

17.8

0.477

82.2

214

1

Competency-domain One

39

0.626

9.2

6.142

90.8

215

0

Competency-domain Two 21

0.282

15.9

1.490

84.1

215

0

Competency-domain Three 36

0.321

10.0

2.889

90.0

215

0

NAMAR is the number of assessments for a minimum adequate reliability; d.f. = degrees of freedom from an
ANOVA III analysis; VC = variance component; NA= not applicable since zero variance for trainee score.

Hypothesis testing for the original domain competency construct structure
The original competency-domain structure is illustrated in Figure 5.1. The CFA using the
original 4-domain structure was a non-identifiable model as a valid model for the dataset and so CFA was not able to be performed by the software used (Mplus). Those indicator-items that had zero or negligible variance for the trainee results were excluded
from further use for the internal structure analysis since it is not possible for them to
contribute to trainee score variance as measurable indicators (2.7 Prescribing, 3.1 Population health, 3.2 Aboriginal & Torres Strait Islander health, 3.3 Comorbidities, 3.4 Quality
assurance, and 4.1 Professionalism). The original 4-domain structure was re-analysed
with the unreliable indicator-items removed. Again the model was a non-identifiable
model. The presence of a factor with only one item (Knowledge) makes non-identification
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a certainty unless the factor has perfect reliability which it does not. The assessment of
Domain 1 Science and Scholarship is under-specified using only one indicator item. When
including the indicator “Knowledge” with Domain 2 Clinical Practice, the three factor
model was identifiable but is not an ideal model as implied by the global fit indices (Table
5.2 row 1 results).

Model evaluation for the hypothesised competency-domain constructs
In line with previous empirical observations 4 the initial hypothesised competency-domains were (1) a general professional job performance latent construct as one domain;
(2) Professionalism as a second; and (3) Clinical aptitude as the third. The indicator-items
assigned to the domains are detailed in Appendix 5.1 Additional Tables Table 5.2.
Model fit, factor loadings and R-square (R2) values: The resulting initial hypothesised
model had acceptable overall goodness of model-fit indices (Table 5.2 row 2 results). The
standardised factor loadings of the indicators were acceptable (Figure 5.2) and all R2 values were adequate (≥0.400) as detailed in Figure 5.2.
Explanation of the CFA parameter values in Figures 5.2, 5.3 and 5.4: The numbers in Figures 5.2, 5.3 and 5.4 positioned between the competency-domain constructs adjacent
the adjoining lines are the standardised variances. Standard errors (SE) are in parentheses
for all parameters. Optimal values are <0.8 and the values observed suggest the presence
of major multicollinearity.
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1.52

1.22

3 Factor hypothesised model (Figure 2) 112.304
p=0.0027
df =74

3 Factor respecified hypothesised model 29.298
(Figure 3)
p = 0.2091
df = 24

2931

4269

6083

Smaller the
better; for
model
comparison

3032

4421

6295

Smaller the
better; for
model
comparison

BIC

CFI

RMSEA (95%CI)

0.994

0.980

0.922

0.996

0.984

0.931

0.032
(0.000 to 0.067)
p = 0.767

0.049
(0.029 to 0.067)
p = 0.001

0.083
(0.073 to 0.093)
p = 0.001

≥ 0.95 ≥ 0.95 <0.06 preferred;
<0.08 acceptable;
p-value >0.05

TLI

0.019

0.026

0.036

≤ 0.08

SRMR

Maximum Likelihood (ml) estimator; χ2=Chi-squared; AIC= Akaike information criterion; BIC=Bayes information criterion; TLI= Tucker–Lewis index; CFI= Comparative fit index;
RMSEA= Root mean square error of approximation; SRMR= Standardised root mean square residual.
*From Schmitt TA: Current Methodological Considerations in Exploratory and Confirmatory Factor Analysis. Journal of Psychoeducational Assessment 2011, 29: 304-321.and
Brown TA: Confirmatory Factor Analysis for Applied Research, 2nd edn. New York: The Guildford Press; 2015

2.47

3 Factor modified model of the original 412.573
4 Factor Domain (Knowledge indicator inp < 0.0001
Clinical Practice domain)
df = 167

Non-significant Optimal < 3
p-value

Acceptable Benchmark*

Ratio of χ2 to dfAIC
<3

χ2
p-value
df

Model

Table 5.2 CFA model fit indexes for original 3F Model (first result row), initial hypothesised model (rows 2-3) respecified model (row 4)
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0.821 (0.024)

0.674 (.040)

Patient safety

0.326
(.040)

0.617 (.044)

0.785 (0.028)
General
professional
job
performance

0.844 (0.022)

Communication
0.713 (.036)

Information management

0.844 (0.022)

0.804 (0.028)

0.288
(.037)

0.647 (.042)
0.353
(.042)

Teamwork
0.850 (0.021)

0.722 (.026)

Time management
0.921
(0.035)

0.287
(.036)

0.712 (.037)

Clinical responsibility

0.955
(0.014)

0.383
(.044)

0.3278
(.036)

0.749 (.036)

0.865 (0.028)
Self-asprofessional

0.251
(.046)

Self-education
0.606 (.050)

0.778 (0.032)

Self-management
0.880
(0.030)

0.395
(.050)

0.630 (.044)

0.794 (0.028)

0.370
(.044)

Knowledge
0.656 (.042)

0.810 (0.023)

Clinical
aptitude

Investigations

0.344
(.042)

0.630 (.044)

0.794 (0.028)

Patient management

0.370
(.044)

0.705 (.038)

0.840 (0.023)

Patient assessment
0.794 (0.028)

0.295
(.038)

0.607 (.042)

Emergency care
0.699 (0.037)

0.393
(.046)

0.489 (.052)

Procedures

0.511
(.052)

Figure 5.2 Dimensional structure for the hypothesised 3 factor competency domains and indicators (See text
for explanation of the number values)
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0.674 (.040)

Patient safety

0.326
(.040)

0.617 (0.044)
0.383
(.040)

Communication
0.713 (.036)

General
professional
job
performance

Information management
0.712 (.037)

Clinical responsibility
0.647 (.042)

Teamwork
0.722 (.036)

Time management
0.749 (.046)

Self-education
Self-asprofessional

0.606 (.050)

Self-management
0.630 (.044)

Knowledge
0.656 (.042)

Investigations
0.630 (.044)

Clinical
aptitude

Patient management
0.705 (.038)

Patient assessment
0.607 (.046)

Emergency care
0.489 (.052)

Procedures

0.287(
.036)

z-score
-2.355

z-score
-3.611

0.288
(.037)

0.353
(.042)

0.278
(.036)

z-score
-2.261

z-score
-2.036

0.251
(.046)

0.394
(.050)

0.370
(.044)

0.344
(.042)
0.370
(.044)
0.295
(.038)
0.393
(.046)

z-score
-2.507

z-score
-2.892

z-score
-2.530

z-score
-1.981
z-score
-2.340

z-score
-5.307

z-score
-3.201

z-score
-8.609

0.511
(.052)

Figure 5.3 Dimensional structure for the hypothesised 3 factor competency-domains and indicators with Significantly correlated standardised residuals between indicators detailed to the right of the error terms (see text
for explanation of the number values)
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The standardised factor loadings (SE) are above the arrows joining the competency-domain construct to observed indicator-items and optimal values are > 0.7. Residual (error)
variances (SE) are provided in the squares to the right of indicator rectangles with arrows
to the appropriate indicator and optimal values are very low. The R2-values (SE) are above
the right side of the indicator rectangles and values >0.4 are preferable.
Examination of the residuals to identify any focal areas of misfit: The acceptability of the
model was further explored by examining the focal-fit of the indicator-items. Focal areas
of misfit (modification indices and standardised residuals of the residual variance-covariance input sample matrix and the model-implied matrices) were present for multiple indicator-items (See Figure 5.3). The significantly correlated residuals for indicator items in
different competency-domains, which identify correlations between error variance, are
numerous as visually demonstrated in Figure 5.3. A large number of focal areas of misfit
with mainly negative significant standardised residuals (z-values < -1.96) indicate focal
biased parameter estimates. As a consequence model respecification was needed to improve the parsimony and unbiased interpretability of the CFA solution 11.

Model respecification
Model improvement based on standardised residuals: A CFA solution can be misspecified
with respect to the relationship among the indicator error variances. Many standardised
residuals are less than -1.96 and a few are >+1.96 indicating the presence of many localised areas of misfit in the solution. Hence the relationship of many indicators is substantially over-estimated by the model’s parameter estimates. After the multiple localised
areas of misfit were identified, indicator-items that had significantly associated standardised error variances between indicator-items from different competency-domain constructs were removed in an iterative process and the model respecified. Such model respecification was carried out to improve the model fit and parsimony of the CFA solution
11
.
After the iterative removal of indicator-items contributing to potentially biased indicator-item estimates, the final model identified is represented in Figure 5.4 and the
meanings of the indicator-items is provided in Table 5.3.
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Table 5.3 Re-specified 3 Factor Model indicator-item meaning
Domain Competency Indicator Items
Construct

Expected meaning from the assessment proforma

General professional Patient safety
job performance

Place the needs and safety of patients at the center of the care
process. Demonstrate safety skills including effective clinical
handover, graded assertiveness, delegation and escalation,
infection control, and adverse event reporting (Original Domain
2.1)

Communication

Communicate clearly, sensitively and effectively with patients,
their family/carers, doctors and other health professionals
(Original Domain 2.2)

Information
management

Retrieve, interpret and record information effectively in clinical
data systems (both paper and electronic) (Original Domain 2.9)

Clinical responsibility Take increasing responsibility for patient care while recognising
the limits of their own expertise and involving other
professionals as needed to contribute to patient care (Original
Domain 4.4)
Self-as-professional

Clinical aptitude

Self-Management

Optimise their personal health and wellbeing, including
responding to fatigue, managing stress and adhering to infection
control to mitigate health risks of professional practice (Original
Domain 4.2)

Self-Education

Self-evaluate their professional practice, demonstrate lifelong
learning behaviours, and participate in educating colleagues
(Original Domain 4.3)

Knowledge

Consolidate, expand and apply knowledge of the aetiology,
pathology, clinical features, natural history and prognosis of
common and important presentations at all stages of life
(Original Domain 1.1)

Investigations

Arrange common, relevant and cost-effective investigations, and
interpret their results accurately (Original Domain 2.4)

Emergency care

Recognise and assess deteriorating and critically unwell patients
who require immediate care. Perform basic emergency and life
support procedures, including caring for the unconscious patient
and performing cardiopulmonary resuscitation (Original Domain
2.8)

The global model fit would be considered optimal (Table 5.2 row 3) with a significant
improvement in the χ2-value, which also became non-significant between the actual data
and the proposed model which is appropriate for smaller sample sizes. Also, all focal areas
of misfit were eliminated except one, reducing the potential for biased estimates of association and error variance (Figure 5.4).
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0.618 (0.045)

0.824 (0.025)

0.321
(0.041)

Patient safety
0.679 (0.041)

General
professional
job
performance

0.786 (0.029)

0.843 (0.023)

0.710 (0.038)
0.290
(0.038)

Information management
0.696 (0.039)

0.834 (0.024)

0.964
(0.024)

0.382
(0.045)

Communication

0.304
(0.039)

Clinical responsibility
0.761 (0.047)

0.872 (0.027)
0.940
(0.027)

Self-asprofessional

0.239
(0.047)

Self-education

0.772 (0.033)

0.596 (0.051)
0.404
(0.051)

Self-management

0.616 (0.049)

0.870
(0.035)

0.785 (0.031)

Clinical
aptitude

0.784 (0.030)

z-score
-2.519
0.384
(0.049)

Knowledge
0.614 (0.047)

0.386
(0.047)

Investigations
0.616 (0.047)

0.785 (0.030)

Emergency Care

0.384
(0.047)

Figure 5.4 Dimensional model for the respecified hypothesised 3 factor domain structure
(See text for explanation of the number values)

107

Chapter 5

Multiple-groups CFA and measurement invariance
The comparison of a construct between groups or across times depends first on confirming equivalence of meaning of the construct 14. Equal-form (dimensional) invariance could
be shown between the binary subgroups of gender. When the model-fit for nested gender groups (supervisor and trainee binary gender) were compared, the loadings between
the competency-domains and the indicator items still had acceptable model-fit indices
(Table 5.4). The equal-form solution (the number of factors and the pattern of competency-indicator loadings are identical across groups) provided acceptable fit for the data
(Table 5.4). Also factor loadings and intercepts are similar across groups as the subgroup
gender models had an overall good fit to the data. The difference in the χ2 between the
equal form and equal factor loadings and intercepts is not significant, and the gender
groupings have equal dimensional structure and equivalent factor loadings and intercepts
(Table 4). For example, the fit relative to the equal form solution between the supervisor
genders is not significantly different since the critical χ2 value for indicating a significant
2
difference is 22.36 and the
χ
difference
is only 10.991 indicating that the difference in
2
the χ between the equal-form is not significant. The supervisor gender groupings also
have equivalent fit for factor loadings and intercepts for the respecified hypothesised
model. However, for the trainee gender alternative fit indices, some values above cutoffs
thought to be acceptable between equal form and equal factor loading metric invariance
14
are present. Also, it should be noted that the asymmetry in sample size for the supervisors (assessments by female supervisors = 48, and by males supervisors = 167) means
the CFA measurement invariance results need to be interpreted with caution since violations of invariance might be masked in severely unbalanced group size settings 15. This is
not the case for the trainee gender (female trainees = 111 and male = 104). For both
these reasons, even though trainee and supervisor gender groups have equal-form measurement invariance, it is equivocal for equal factor loadings and intercepts measurement
invariance.
Evaluating any more than two groups, such as term type, hospital and supervisor employment type resulted in inadmissible parameter estimates, probably because of the
minimum sample size and asymmetry of the group sample sizes. Hence further analysis
of the model was not possible for a full evaluation of equivalence of groups and full sampling for measurement invariance for the sample size.
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29.298
p = 0.2091
59.878
p = 0.0556
70.869
p = 0.1025

53.787
p = 0.1481
75.800
p = 0.0486

3 Factor respecified hypothesised model (Figure 4)

Equal form for the 3 Factor respecified hypothesised
model supervisor binary gender

Equal factor loadings and intercepts for the 3 Factor
respecified hypothesised model supervisor binary
gender

Equal form for the 3 Factor respecified hypothesised
model trainee binary gender

Equal factor loadings and intercepts for the 3 Factor
respecified hypothesised model trainee binary
gender

1.33

1.22

1.24

1.36

1.22

Ratio of χ2
to df

57

44

57

44

24

df

22.013*

10.991*

χ2 diff

13

13

Δ df

0.983

0.988

0.986

0.980

0.994

TLI

0.058
(0.000 to 0.092)
p = 0.342

0.032
(0.000 to 0.067)
p = 0.767

RMSEA (95%CI)

0.038

0.019

SRMR

0.045
(0.000 to 0.083)
p = 0.544

0.039

0.986
0.055
0.095
ΔCFI=-0.07 (0.005 to 0.086)
ΔSRMR = 0.056
p = 0.375
ΔRMSEA=0.01

0.993

0.989
0.048
0.063
ΔCFI=0.01(0.000 to 0.080)
ΔSRMR = 0.025
p = 0.767
ΔRMSEA=0.01

0.988

0.996

CFI

# For the respecified hypothesised model (Figure 4)
Maximum Likelihood (ml) estimator; χ2=Chi-squared; AIC= Akaike information criterion; BIC=Bayes information criterion; TLI= Tucker–Lewis index; CFI= Comparative fit index;
RMSEA= Root mean square error of approximation; SRMR= Standardised root mean square residual.
2
* The critical χ2 value for indicating a significant difference is 22.36 indicating that the difference in the
between
χ
the equal form and equal factor loadings and intercepts is
not significant.

χ2
p-value

Model*

Table 5.4 Measurement invariance for supervisor and trainee gender comparisons#
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Sample size for local institutional evaluation of validity evidence
A second aim was to use a sample size considered to be on the lower side for CFA to
provide insight on the utility of the methods in smaller scale assessment programs and
for evaluation earlier in a training program. Although limited, useful information can still
be obtained about the reliability of local assessors and the construct domains being evaluated as described above. The sample size does not allow full fully invariant multiple
group models to be adequately evaluated and for differences between groups to be
meaningfully interpreted. Nonetheless, the dimensional structure can be confirmed and
the dimensional structure of binary groups such as gender (equal form multigroup binarygroup model) is identifiable.

Use of measurement invariance methodology to compare interventions
The third aim of quantifying measurement invariance between nested groups which is
important for group comparison appears potentially feasible for binary groups with similar groups sample sizes. This observation supports the use of the methodology from this
study to compare binary intervention groups for example when experimenting with supervisor improvement training. The observations open the possibility for investigating the
use of these methods to examine improvement interventions, even to the extent of randomizing the intervention to a subgroup within a population.

Discussion
This study demonstrates that the required content competency-domains for the assessment of interns in a localised setting in Australia are not the measured content competency-domains that the supervisors as a group actually assess. As shown previously 4, the
measurable competency-domains supervisors are more likely to assess are a General Professional Work Performance construct, a Clinical Aptitude construct, and a Professional
attitude and behaviour construct limited to a self-as-professional competency domain in
this group. The internal structure for the respecified hypothesised competency-domain
constructs is very acceptable as identified by the CFA which is an analysis of association
between the measures of central tendency of the scores (correlation between means)
and the association between the measures of spread of the scores (covariance between
the score variation). The structure identified however is very different to the expected
structure devised by the content experts. In addition, despite the excellent model fit for
the hypothesised competency-domains, the ability of the supervisors to agree on the
value of the scale for each of the trainees’ competency for each indicator item and each
competency-domain (reliability) is very poor. This paucity of precision occurs in the face
of being able to identify the internal construct structure indicating a need for the
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calibration of supervisor assessors and a reduction in the common method error arising
from assessors.
Even though there is excellent model fit and an acceptable level of measurement invariance for binary groups, the final structure of the dimensional model from the analysis
is not ideal because it specifically lacks sufficient competency indicator-items to achieve
what the content and certification experts expected and required, either for assessment
for learning or for certification purposes. The competency-domains and the individual
competency-indicators required as part of the registration process by the registration
agency are not adequately measured by the supervisors. Furthermore, the reliability for
the measurement of indicator-items for the competency-domains of the local assessment process at the time of data collection for even the internal structure that the supervisors naturally assess, which is well modelled, is also unacceptable. The reliability is
much poorer than previously demonstrated for results from an earlier similar assessment
process 4;8;13. Many competency-indicators had no variance due to score differences between trainees; all variance between trainee scores was due to error. Simply changing an
assessment format and the competency-domains expected to be assessed is not an adequate way of dealing with poor validity of assessment results. Certification agencies need
to ensure assessors are able to reliably and validly assess the required competencies.
The final competency-domain model identified in this study (see Table 5.2 row 3 and
Figure 5.4) is based on empirically guided theory 16, previous empirical work 4, and the
analytical synthesis within this paper guided by strict method application 11. The dimensional model may be adequate but is probably underspecified by the desired indicatoritems for what competencies are expected by the content experts. The analytical synthesis involved adjusting the model by removing competency indicator-items that were not
measureable by the assessors as a group. That is, no measurable variance existed for assessment scores attributable to the trainee which is where ideally all the score variance
should exist. The model was further refined by examining the focal fit of indicators and
removing indicator-items with standardised residuals (error components) significantly
correlated to other indicator-items across and not within competency-domains. The residual variance is commonly referred to as error variance, that is, the variance not attributable to differences in the trainee scores. Significant negative standardised residual
variance correlations indicate that the model’s parameters overestimate the indicator
relationships. More importantly though the significant correlated residual error between
indicator-items from different competency-domain constructs indicate the presence of
common method bias. The critical issue is that the common method is the supervisor as
assessor that causes major bias and imprecision.
Although it could be argued that the results are reflecting just one training programme, the methodological approach taken in this study follows a long line of studies
formally identifying competency-domain constructs, studies which go back nearly seven
decades. Continuous streams of research of rater-based assessments of clinical competence in medical education regularly published have a common theme, the identification
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of rater reliability problems and major differences in the competency-domains assessed.
Many factor analytic studies identified only one competency-domain factor. A sensitivity
analysis demonstrated that a single-factor model was not an ideal fit (see Appendix Table
5.3 CFA model fit indexes), and had multiple focal areas of misfit.
For the many historical examples studies identifying competency domains using factor analysis see Appendix 3.1. For example, in 1959 Cowley and Kubany demonstrated
that the reliability of average ratings of clinical competence characteristics ranged from
essentially zero to 0.69 17. Dielman and colleagues in 1980 found low interrater reliability
so frequently that they stated that low interrater reliability “seems to be the norm when
dealing with independent subjective judgments” 18. Similarly multiple different competency-domains have been identified by correlational analysis mainly using exploratory
factor analysis. A great deal of variation exists between institutions and types of training
programmes. Indeed, very little appears to have changed since the 1950ies:
“However, after mildly encouraging results with the first group of students (1954
I), it became apparent that the staff’s ratings were inadequate in two respects:
intra-rater correlations were much too high – that is, individual raters were not
discriminating sufficiently among the various components of a student’s performance; and inter-rater reliabilities were somewhat lower than had been desired –
that is, there was not sufficient agreement among different raters of the same
student. These two problems were separate, and separate ways were taken to
reduce each one; yet they were related in the sense that they occurred because
each rater actually evaluated the student’s performance wholly in terms of a single component (or at most two components), and in each case the component
was unique to the staff member in question.” Hammond and Kern 1959 19 p482
As stated, the observations related to the results of the analyses in this paper are not new
just more detailed using more developed methodology 11. In what should have been a
landmark study for change towards producing stronger evidence-based evaluations of
the quality of assessment results published in 1986, Forsythe and colleagues with a Multitrait-Multimethod-Matrix Study using CFA identified that excessive variance in the raterbased assessments was probably due to the methods of measurement, namely the assessor as the measuring instrument 20. They also demonstrated a lack of discriminant validity of ratings for measures of clinical competence 20. More recently similar problems
with the quality of assessments of supervisor assessments were documented 4;8, problems which are recurrently reproducible, as again illustrated in the present evaluation of
the quality of assessment results.

Implications
The feasibility of useful feedback about the internal validity evidence for assessment results early in a training year has been established by this analysis. The final model (Figure
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4.4) can be used as validity evidence for the quality of assessment results provided to
trainees by the assessors. The model had only one negative area of focal misfit. In addition the χ2 statistic was not significant indicating no potential global difference exists between the hypothetical model and the empirically collected data. Furthermore the model
has optimal fit characteristics for absolute fit (SMR), after parsimony correction (RMSEA,
RMSEA confidence intervals and close fit operationalised as the degree of non-significance for the RMSEA value) and comparative fit (CFI and TLI). Also a significant decrease
in the χ2 statistic exists between the final model and nested binary subgroups. Hence the
reliability and the construct validity of the assessment can be identified by the sample
size used. Measurement of the above validity markers after more than 200 assessments
have been performed can provide useful outcome markers for quality improvement interventions to improve the quality of supervisors’ assessments during a training cycle
year.
The supervisors’ capability as a group to assess the competency indicator-items can
be identified. Using localised error indices for each competency-indicator, the effect of
common method error due to the supervisor bias as assessor can be measured. Therefore interventions to improve the capability of assessors to identify the required competency-indicators in other individuals can be developed and their effect measured. Current
methods using CFA 11, as exemplified in this study, are sufficiently fine-grained to be able
to use as outcome measures to detect common method bias in assessment programmes
and so renew the work of past educationalists’ efforts in medical education attempting
to improve rater-based assessment.
Overall the measurement of the accuracy (construct validity) and precision (assessor
reliability) for competency-domains and their content is possible for any local assessment
program, a process which is required to ensure measurement invariance over time and
between different training sites. In all fairness to trainees and assessors, the development
of more evidence-based assessment results is necessary. This appears possible using detailed and methodical development and application of contextually relevant measurement theory and methods detailed in this study for the potential future use in continuous
quality improvement. The methods used only evaluate validity evidence in an assessment
programme and assessors as a group, developing methods to identify individual assessors
that contribute most to the method bias is the next crucial step in the process of quality
improvement.
Furthermore, without construct validity evidence for assessment results at the point
of use, then all other forms of validity evidence are of tenuous applicability. As a consequence individual training programs will need to evaluate the validity evidence and quality of assessment results for their own assessors in their own institutions to be able to
assure certifying-bodies of the quality of their assessment results provided by the assessors.
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Limitations
The limitations of the study arise from a number of avenues in addition to the limitations
imposed by the sample size. The limitations do impact on the application to the use of
the methodology as measures of the quality of assessment results but are identified as
an improvement process in itself. All three domains evaluated in this study would be considered crucial for all types of practicing doctors and their trainees, namely (1) a general
professional job performance competency-construct as one domain; (2) Clinical aptitude
as a second; and (3) Professional behaviour as a third competency domain. Nonetheless,
given the historical variation in identified competency-domains, these latent constructs
may simply be particular to the assessor and trainee population. Each training programme needs to evaluate their assessment results and apply the principle of quality improvement using validity evidence to do so.

Conclusions
The analysis from this study refocuses the use of validity evidence to be used as measures
of assessor abilities for judgement-based assessments. As shown, for the particular group
of assessors, the overall competency-domains that are expressed by the competencyindicators assessed again do not align with what is required by the content experts and
the certification agency. Moreover, poor reliability for the indicator-item assessment
scores suggests that supervisors do not share the same understanding of how to assess
each competency indicator-item. Some indicator-item scores only have error variance
implying that the assessors have no shared comprehension of the meaning of the competency and/or what to observe to be able to measure the competency construct.
The high number of indicator-items with significant correlation of the residual (error)
score variances suggests that common method bias is a major component of the inaccuracy and imprecision of the indicator-item assessment results. The common method is
the supervisors as the measurement instrument, and appears the main source of error
for the assessment results. Such problems have persisted for at least 70 years, so an improvement process is long overdue.
Finally, this study provides some of the methodology necessary to begin the process
of educational and training interventions to improve the ability of supervisors to assess
the competency constructs required by certification and registration bodies, and also research into the calibration of supervisors who assess trainees.
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Appendix 5.1 Additional Tables
Appendix Table 5.1 Original proposed domains (latent constructs) with the named items and their descriptive
anchors
Domain
Item (Indicator)
Anchor
Domain 1: Science
1.1 Knowledge
and scholarship –
The intern as scientist
and scholar

Consolidate, expand and apply knowledge of the aetiology,
pathology, clinical features, natural history and prognosis of
common and important presentations at all stages of life

Domain 2: Clinical
practice –
The intern as
practitioner

2.1 Patient safety

Place the needs and safety of patients at the centre of the
care process. Demonstrate safety skills including effective
clinical handover, graded assertiveness, delegation and
escalation, infection control, and adverse event reporting

2.2 Communication

Communicate clearly, sensitively and effectively with
patients, their family/carers, doctors and other health
professionals

2.3 Patient assessment Perform and document a patient assessment - incorporating
a problem focused medical history with a relevant physical
examination and generate a valid differential diagnosis
2.4 Investigations

Arrange common, relevant and cost-effective investigations,
and interpret their results accurately.

2.5 Procedures

Safely perform a range of common procedural skills required
for work as an intern

2.6 Patient management Make evidence-based management decisions in conjunction
with patients and others in the healthcare team
2.7 Prescribing

Prescribe medications safely, effectively and economically,
including fluid, electrolytes, blood products and selected
inhalational agents

2.8 Emergency care

Recognise and assess deteriorating and critically unwell
patients who require immediate care. Perform basic
emergency and life support procedures, including caring for
the unconscious patient and performing cardiopulmonary
resuscitation

2.9 Information
management

Retrieve, interpret and record information effectively in
clinical data systems (both paper and electronic).

Domain 3: Health and 3.1 Population health
society –
The intern as a health
advocate

Apply knowledge of population health, including issues
relating to health inequities and inequalities; diversity of
cultural, spiritual and community values; and socio-economic
and physical environment factors

3.2 Aboriginal and Torres Apply knowledge of the culture, spirituality and relationship
Strait Islander health
to land of Aboriginal and Torres Strait Islander peoples, to
clinical practice and advocacy

116

3.3 Comorbidities

Demonstrate ability to screen patients for common diseases,
provide care for common chronic conditions, and effectively
discuss healthcare behaviours with patients

3.4 Quality assurance

Participate in quality assurance, quality improvement, risk
management processes, and incident reporting

Reframing validity evidence as outcome measures for supervisors’ assessment quality
Domain

Item (Indicator)

Domain 4:
4.1 Professionalism
Professionalism and
leadership – The intern
as a professional and
leader

Anchor
Provide care to all patients in accordance with Good Medical
Practice: A Code of Conduct for Doctors in Australia (Medical
Board of Australia, 2011 [1], and demonstrate ethical
behaviours and professional values including integrity,
compassion, empathy and respect for all patients, society
and the profession

4.2 Self-management

Optimise their personal health and wellbeing, including
responding to fatigue, managing stress and adhering to
infection control to mitigate health risks of professional
practice

4.3 Self-education

Self-evaluate their professional practice, demonstrate
lifelong learning behaviours, and participate in educating
colleagues

4.4 Clinical responsibility Take increasing responsibility for patient care while
recognising the limits of their own expertise and involving
other professionals as needed to contribute to patient care
4.5 Teamwork

Respect the roles and expertise of other healthcare
professionals, learn and work effectively as a member or
leader of an inter-professional team, and make appropriate
referrals

4.6 Time management

Effectively manage time and workload demands, be punctual
and show ability to prioritize workload to manage patient
outcomes and health service functions

Appendix Table 5.2 Latent constructs to be tested in the “Hypothesised 3 Factor Model” after removal of unreliable items*
Hypothesised Construct

Competency Item

Description anchors for each item on the
assessment proforma

General professional job
performance construct

Patient safety

Place the needs and safety of patients at the center
of the care process. Demonstrate safety skills
including effective clinical handover, graded
assertiveness, delegation and escalation, infection
control, and adverse event reporting

Communication

Communicate clearly, sensitively and effectively with
patients, their family/carers, doctors and other
health professionals

Information management

Retrieve, interpret and record information
effectively in clinical data systems (both paper and
electronic)

Clinical responsibility

Take increasing responsibility for patient care while
recognising the limits of their own expertise and
involving other professionals as needed to
contribute to patient care

Teamwork

Respect the roles and expertise of other healthcare
professionals, learn and work effectively as a
member or leader of an inter-professional team, and
make appropriate referrals
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Professional construct, as
part of professional
behaviour

Clinical aptitude construct

Time management

Effectively manage time and workload demands, be
punctual and show ability to prioritise workload to
manage patient outcomes and health service
functions

Self-management

Optimise their personal health and wellbeing,
including responding to fatigue, managing stress and
adhering to infection control to mitigate health risks
of professional practice

Self-education

Self-evaluate their professional practice,
demonstrate lifelong learning behaviours, and
participate in educating colleagues

Knowledge

Consolidate, expand and apply knowledge of the
aetiology, pathology, clinical features, natural
history and prognosis of common and important
presentations at all stages of life

Investigations

Arrange common, relevant and cost-effective
investigations, and interpret their results accurately

Procedures

Safely perform a range of common procedural skills
required for work as an intern

Patient assessment

Perform and document a patient assessment –
incorporating a problem focused medical history
with a relevant physical examination and generate a
valid differential diagnosis

Patient management

Make evidence-based management decisions in
conjunction with patients and others in the
healthcare team

Emergency care

Recognise and assess deteriorating and critically
unwell patients who require immediate care.
Perform basic emergency and life support
procedures, including caring for the unconscious
patient and performing cardiopulmonary
resuscitation

*2.7 Prescribing, 3.1 Population health, 3.2 Aboriginal and Torres Strait Islander health, 3.3 Comorbidities, 3.4
Quality assurance, and 4.1 Professionalism
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Appendix Table 5.3 CFA model fit indexes for original 3F Model (first result row), initial hypothesised model
(rows 2-3) and respecified model (row 4)
Model*

χ2
p-value
df

Ratio of AIC
χ2 to df <
3

BIC

TLI

CFI

RMSEA (95%CI) SRMR

Acceptable Benchmark Nonuseful for Smaller the Smaller the ≥ 0.95
≥ 0.95
<0.06 preferred; ≤ 0.08
[2,3]
significant nested better; for better; for
<0.08
p-value
models model
model
acceptable;
comparisoncomparison
p-value >0.05
(non(nonnested)
nested)
1 Factor model of the
original 4 Factor
Domain

606.641 3.57
p < 0.001
df = 170

16306

16550

0.912 0.921 0.077
0.047
(0.071 to 0.084)
p < 0.001

1 Factor model of the
original 3 Factor
hypothesised model

213.664 2.77
p < 0.0001
df = 77

10421

10592

0.958 0.964 0.064
0.031
(0.054 to 0.075)
p = 0.011

1 Factor model of the
respecified 3 Factor
hypothesised model

36.387
2.60
p = 0.0009
df = 14

5139

5224

0.980 0.986 0.061
0.022
(0.037 to 0.086)
p = 0.206

Maximum Likelihood (ml) estimator; χ2=Chi-squared; AIC= Akaike information criterion; BIC=Bayes information
criterion; TLI= Tucker–Lewis index; CFI= Comparative fit index; RMSEA= Root mean square error of approximation; SRMR= Standardised root mean square residual; WRMR= Weighted root mean residual; *presented because a strong critique was made that the data represented a one-factor model. * All models except “3 Factor
respecified model (Figure 3)” had multiple localised areas of misfit.
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Appendix 5.2 AMC Assessment Form
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Abstract
Construct: General competency-domain constructs expected from postgraduate medical trainees and used in their assessment for certification.
Background: Limited validity evidence exists for assessment results from judgementbased ratings of competency-constructs in postgraduate medical training. The monitoring of the quality of supervisors who provide such assessments is a recommended quality
control expectation by medical governance bodies. Whether the supervisors are able to
assess the expected competencies is rarely if ever measured. This study explores using
validity evidence as a source of monitoring standards for groups of supervisor assessments and statistical process control for individual supervisor assessments.
Approach: The populations are first year medical trainees and their supervisors in a tertiary
hospital in Australia. The end-of-term assessment results provided by supervisors are the
focus for the validation approach. Internal structure validity evidence was produced using
generalisability theory and confirmatory factor analysis including measurement invariance. Statistical process control methods were used to identify stringent/lenient assessors,
a common cause of method bias. The impact of method bias on the reliability and construct validity of the assessment results was measured by comparing the internal structure
validity of nested supervisor groups using measurement invariance. The groups were
those with and those without a tendency to leniency/stringency.

Findings: The statistical process control identified outlier assessments (n = 81) and nonoutlier assessments (n = 134) which formed the groups for analysis. Equal form measurement invariance comparing the nested model fit of the assessments of supervisors who
are outliers with non-outliers showed an acceptable model fit indicating they are measuring the same competency-domain constructs (χ2=66.351,
p=0.0163; χ2/df=
1.51; df=44;
TLI=0.973; CFI=0.983; RMSEA=0.069 (95%CI=0.030-0.101); SRMR=0.083). Equal factor
loadings and intercepts for the model had acceptable model fit indices without significant
degradation as indicated by a non-significant difference in the χ2 with the equal form
model (χ2=
80.898, p=0.0204; χ2/df=1.42; df=57; χ2 diff=14.547, p>0.5 for Δdf=13;
TLI=0.973; CFI=0.983; RMSEA=0.069 (95%CI=0.030-0.101); SRMR=0.083). The reliability
was very poor for the competency-indicators but significantly improved with the removal
of outlier assessments.

Conclusions: The results combining statistical process control with current methods of
confirmatory factor analysis and measurement invariance are sufficiently fine-grained to
measure the impact of common method bias in assessment programmes. The methods
were able to document equivalence in construct validity of the two groups and significant
difference in reliability evidence between those groups using a minimum sample size for
the methods. The approach is suitable for providing outcome measures for quality improvement interventions.
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Background
As previously shown limited validity evidence of assessment results for judgement-based
ratings are well documented in medical education 1-4. When the feedback from assessments is used as part of the learning process, then the score precision and accuracy will
be essential to allow appropriate interpretation of the information to enhance and ensure the quality of learning. Since variation in judgement-based rating will have an impact
on both learning and for decision making for high-stake assessments, the sources of variation need to be identifiable and monitored for feedback and benchmarking to maintain
the quality of the assessors’ judgements-based ratings.
“With overall quality in mind, we advocated that an assessment programme
should be constructed deliberately, its elements should be accounted for, it
should be centrally governed in its implementation and execution, and it should
be regularly evaluated and adapted.” van der Vleuten et al 2012 5
A major source of variation for judgement-based assessment results is the measurement
“instrument”, namely the assessor. For example the observations from empirical inquiry
into the validity of supervisor assessment results for junior medical trainees (interns) has
demonstrated problems with the precision (reliability) and accuracy (validity) of the
measurement “instrument” (the assessor) and hence the test results 6-8. The accuracy
and precision of assessment results are essential for high-stakes decision making assessments 5. Accuracy and precision of feedback are also important for assessment for learning 9. Feedback, as is well known, plays a critical part in the education and training of
junior doctors 10-12. The credibility, ability and experience of the person providing feedback may have an impact on feedback effectiveness 10;12, as may the concomitant use of
feedback with supervision 13 and assessment 9;12. Enhanced clinical supervision of trainees with appropriate feedback in training has been associated with improved patientand education-related outcomes 14.
International educational governance institutions are addressing these issues by identifying standards and performance expectations for educators and trainers 15-18. The monitoring of the quality of supervisors’ judgements is one of the recommended quality control expectations in medical education 16;18, previously recommended to be a routine part
of assessment programs 19;20. Indeed, quality control method applications are advocated
for assessment methods of all types 21. The monitoring recommended for the quality control expectations by medical governance bodies is often without adequate operational
provisions for the methods for monitoring the quality of the supervisor or clear measurable standards much less the quality of their assessments 13;16;18;22.
A well-established way of providing quality control feedback which is easily produced
from data collected routinely, has a visually comparative output, and are soundly statistically based, are statistical process control (SPC) methods 23;24. A primary purpose of SPC
is to identify common-cause variation which is attributable to the underlying process 25.
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Another form of variation that SPC can identify is special-cause variation, which is attributable to influences outside the underlying process 25. This distinction is very relevant
because “improvement under common cause variation requires action on the process,
whereas special-cause variation merits an investigation to first find the cause” 25.
Although developed for manufacturing and industry 23;24, for decades such methods
have been recommended and applied in the quality control within healthcare services 2628
. Although referring to many methods, control programmes for quality assurance in
healthcare were recommended by Donabedian in the early development of healthcare
quality and safety 26: “maintaining a statistical system for collecting information about
aspects of the care of all patients under its jurisdiction and to compile tabulations (called
"profiles") by patient, by physician, and by hospital so as to identify situations that deviate
from usual or expected practice.”
SPC has subsequently been applied to healthcare quality improvement with substantial benefits to diverse stakeholders 28. Simple methods of SPC may help identify the presence of variation in judgement-based ratings due to the assessor, which could then be
used as a monitoring process for quality control purposes for the improvement of practice by feedback and benchmarking for the assessor. The concept of individual evaluation
and feedback is also aligned with the concepts of safety and quality evaluation, in particular the opinion “that aggregated data may camouflage variation within organisations
that would be revealed by intelligent fine-grained analysis at local level” 29. Variations in
training programme assessments need to be identified if safety and quality are to be effectively monitored and improved 29. Some forms of “control” processes may be important for improving the quality of patient care by individuals and systems 26;30;31. In fact
quality control applications are advocated for educational and psychological assessment
methods of all types 21, and their incorporation into a validity study is examined in this
exploratory paper.

Study aims
The first aim is to test the assumption made by training programs and regulators that
supervisors are generally accurate and precise assessors as measured by internal structure validity evidence of assessment results combined with SPC to identify possible outlier assessors (lenient and stringent). The second aim is to test the impact of individual
outliers on the internal structure validity evidence of assessment results. The main purpose being to explore the utility of these methods as outcome measures for use in quality
improvement interventions for supervisors. The aims and methodological approach are
applicable to any institution with the same assessment processes.
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Methods
Populations
The populations are groups of interns and their supervisors, and the supervisors provide
end-of-term summative assessments that are used in decisions about unconditional registration in Australia as medical practitioners. A similar population type and context have
previously been described 8. In brief, the populations are medical trainees (interns) preparing for unconditional registration, and their supervisors who undertake the assessments at the end of each training-term. Supervisors are specialty level consultants in a
hospital network including secondary and tertiary level hospitals in Australia. The assessments used in this study were end-of-term and summative. Trainee scores for each assessment for each individual competency item are considered the primary unit of analysis. A total of 108 trainees and 42 supervisors provided 215 assessments over the first
half of the 2014 year. The analysis was for supervisors with 2 or more assessments. Otherwise there were no intended exclusion criteria and all available sequential de-identified
assessments performed were included for all trainees for early 2014. The sample size of
more than 200 is a sample size in theory sufficient for a CFA analysis as previously calculated 8, and minimally acceptable in the literature 32, noting that the frequency of model
misspecification increases with lower sample numbers.
For the analyses of trainee results the end-of-term scores that trainees received for
specific indicator-competencies grouped under pre-stated competency-domains. Nine
competency indicators result from three competency-domains (Figure 6.1). For the reliability and construct validity analysis the study design is a one facet unbalanced model
where the assessment is the unit of analysis, and the variance consists of variation in
results due to trainees and error variance. For the SPC analyses, the scores given by each
supervisor for the trainees provides the data to identify the presence of outliers.

Assumptions guiding the statistical process control (SPC) methods
The first part examines the feasibility of obtaining information from a SPC application that
uses a nested and unbalanced data-set. The following a priori assumptions are made
about the mean and spread of results (standard deviation/variance) for the trainees and
for the supervisors. Firstly using the assessor as the unit of analysis, all assessor scores
for the same trainee they assess should be similar, and the standard deviations may be
broad due to the variation in scores given by supervisors for each individual trainee. An
exception would be if there was a true ceiling effect when all trainees are truly at the
same level of competence. If supervisors are accurate and precise assessors they would
give similar scores for the same trainee’s performance. If the SPC process can identify
unwanted variation for the nested data-set, then the assumption is that any competencyindicators that are scored very differently would be due to rater-bias. Therefore the number of biased assessors (outliers) identified for a competency item will be directly
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associated with the error variance for that competency item for the overall average assessor competency score. Ideally for these assumptions to be tested, a fully-crossed study
with all trainees being assessed by all supervisors would be preferable. However rarely
can a fully-crossed data-set be obtained from workplace based assessments for gathering
validity evidence. To be able to use SPC as a quality control method to identify outliers
(lenience and stringency) the expected assumptions should be approximated in nested
and unbalanced data sets.
The second part of the study explores the utility of SPC combined with generalisability
theory (GT) and confirmatory factor analysis (CFA) to identify the presence of method
bias and its impact on reliability and construct validity of assessment results. If outliers
can be identified adequately by SPC, removing those outlier supervisors’ assessment results from a reliability and construct validity analysis should improve the reliability and
construct validity of the assessment results. If those supervisors so identified do have an
adverse impact on validity measures then they may be optimal targets for quality improvement interventions.

Evaluating the use of the SPC method in nested data-sets to identify outliers
Control charts are used as a graphical aid for evaluating variation in a repetitive process,
usually a manufacturing process 23;33. The control chart used is a tracking chart for a specific variable which is a measurable output from the process of interest. The 2 variables
of interest for this study are individual mean scores provided by the individual assessors.
The process is the assessment method. The main aim is to determine whether the instrument (assessor) is “functioning within prescribed limits”. Control limits for this type of
evaluation have not been established. Since this study is an exploration of the concept
using SPC in this context, the control limits for identifying “out-of-control” variation in
assessment scores will arbitrarily be chosen as the 3-sigma (standard deviation) model.
The SPC method is adapted for this explorative investigation by using as the point of
comparison the individual assessors’ summed competency scores for all trainees and not
points over time as for manufacturing and clinical healthcare related use. In this study
control limits are limited to points and not to change since the data for this exploratory
analysis are not being analysed as a continuous time based process.
The points of control evaluation are individual assessors who provide a score. Random
variation within the control limits will be used as an indicator that the assessment process
is in control and for identification of outliers. The presence of non-random variation will
be considered as variation greater than 3-sigma which will indicate that the assessor’s
results need examination for potential rater bias.
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Internal structure validity evidence for the impact of outliers on assessment
results
Generalisability theory and CFA are used to evaluate the impact of method bias on reliability and construct validity of trainee assessment results given by supervisors. The methods have been explained previously for similar types of assessments 6-8. Current methods
using CFA are sufficiently fine-grained to be used as outcome measures to measure differences between groups nested within a data-set with sufficient cases 34. Measurement
invariance is used to compare nested group model fit of outliers with non-outliers to
identify if the groups are measuring the same competency constructs. The data is accessible as a DAT file 35.

Software
The original SPC and reliability analysis was performed using IBM SPSS version 24, and the
follow-on CFA was performed using Mplus Version 7.11 Muthen & Muthen.

Ethics approval and consent
This activity was a quality improvement process using fully de-identified data. The data
was held in a high-security pass-word protected laptop and the analysis was performed
using SPSS version 24. Only retrospective analyses of routinely collected and anonymised
data were performed. The study was approved by ACT Health Human Research Ethics
Committee’s Low Risk Sub-Committee approval number ETHLR.15.027. The ethics committee did not require consent to be obtained or a waiver of consent. The anonymity of
the participants was guaranteed.

Results
SPC results
SPC methods were used to identify lenient/stringent assessors providing ratings 3 standard deviations above or below the mean. Of the 42 supervisors 23 (54.7%) provided at
least one outlier score with outlying assessments using 3-sigma for the control limits. No
assessor gave scores with > -3 sigma and on other occasions < -3 sigma, that is supervisors
were either lenient or stringent, never both on different occasions. Nine supervisors gave
≥5 assessments with an outlier competency-indicator score >+/-3 sigma with a total of 98
assessments which was considered the outlier groups. For the other 117 assessments
supervisors had none or <5 outlier scores and this group was considered the non-outlier
group for measurement invariance analysis.
Examples of the X-bar charts for the mean scores of supervisors for individual competency items are shown in Figure 6.2. For example, the competency item “Knowledge” has
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7 rule violations which indicate that 7 supervisors had a mean score for all trainees’ that
they had assessed which was greater than the pre-defined 3-sigma rule violation (+/-3
standard deviations) (Figure 6.2). The example X-bar charts (Figure 6.2) for the mean supervisors’ scores for each competency item are representative for all the competency
items and provide a visual display of on part of the SPC method for quality evaluation.
Since this is an exploratory investigation, the choice of having ≥ 5 assessments to be
“labelled” an outlier is an arbitrarily chosen number with the assumption that that cutoff was likely to identify supervisors with a persistent tendency to be lenient or stringent.
This assumption was tested post hoc by an ANOVA comparing the means of each competency-indicator item between the groups of supervisors without any outlier assessment
results, those with 1 to 4 outlier assessment results and those with 5 or more outlier
assessment results. All competency-indicator items had significant differences between
the means (all p<0.001 for the ANOVA) for both stringent and lenient group comparisons.
The difference between the means of the lenient and stringent groups with four or more
assessment outliers and those without any outlier assessments were all significantly different (all p<0.001 for the independent samples t-test) for both stringent and lenient
group comparisons. The assumption is correct that in general those having higher outlier
assessments generally had higher scores and those with lower outlier assessments generally had significantly lower scores (See Appendix Table 6.1 ANOVA Comparing means
for stringency level and no stringent assessments, Appendix Table 6.2 ANOVA Comparing
means for leniency level and no lenient assessments).
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0.618 (0.045)

0.824 (0.025)

0.321
(0.041)

Patient safety
0.679 (0.041)

General
professional
job
performance

0.786 (0.029)

0.843 (0.023)

0.710 (0.038)
0.290
(0.038)

Information management
0.696 (0.039)

0.834 (0.024)

0.964
(0.024)

0.382
(0.045)

Communication

0.304
(0.039)

Clinical responsibility
0.761 (0.047)

0.872 (0.027)
0.940
(0.027)

Self-asprofessional

0.239
(0.047)

Self-education

0.772 (0.033)

0.596 (0.051)
0.404
(0.051)

Self-management

0.616 (0.049)

0.870
(0.035)

0.785 (0.031)

Clinical
aptitude

0.784 (0.030)

z-score
-2.519
0.384
(0.049)

Knowledge
0.614 (0.047)

0.386
(0.047)

Investigations
0.616 (0.047)

0.785 (0.030)

Emergency Care

0.384
(0.047)

Figure 6.1 Dimensional model for the respecified hypothesised 3 factor domain structure
(See text for explanation of the number values)
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Figure 6.2 Examples of X-bar charts for supervisor average scores for all the trainees each supervisor assessed
X-bar control chart for supervisors as subgroup and Knowledge as
process measurement

Outliers identified
Rule Violations for X-bar
Assessor

Violations for Points

Assessor 5

Less than -3 sigma

Assessor 6

Less than -3 sigma

Assessor 29

Greater than +3 sigma

Assessor 32

Greater than +3 sigma

Assessor 35

Greater than +3 sigma

Assessor 37

Greater than +3 sigma

Assessor 39

Greater than +3 sigma

7 points violate control rules.

Rule Violations for X-bar
Assessor

Violations for Points

Assessor 5

Less than -3 sigma

Assessor 6

Less than -3 sigma

Assessor 17

Greater than +3 sigma

Assessor 20

Greater than +3 sigma

Assessor 25

Greater than +3 sigma

Assessor 35

Greater than +3 sigma

Assessor 39

Greater than +3 sigma

Assessor 42

Greater than +3 sigma

8 points violate control rules.
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X-bar control chart for supervisors as subgroup and Knowledge as
process measurement

Outliers identified
Rule Violations for X-bar
Assessor

Violations for Points

Assessor 5

Less than -3 sigma

Assessor 6

Less than -3 sigma

Assessor 20

Greater than +3 sigma

Assessor 39

Greater than +3 sigma

4 points violate control rules.

Rule Violations
for X-bar
Assessor

Violations for Points

Assessor 5

Less than -3 sigma

Assessor 6

Less than -3 sigma

Assessor 8

Greater than +3 sigma

Assessor 11

Greater than +3 sigma

Assessor 12

Less than -3 sigma

Assessor 16

Greater than +3 sigma

Assessor 20

Greater than +3 sigma

Assessor 29

Greater than +3 sigma

Assessor 32

Greater than +3 sigma

Assessor 35

Greater than +3 sigma

Assessor 36

Less than -3 sigma

11 points violate control rules.

CFA results
A respecified hypothesised model with three competency-domains (Figure 1) has previously been shown to have good global and local model fit characteristics 36 (paper in review) (Table 1 first result row). An explanation of the numbers in Figure 1 follows: (1)
Standardised variances with standard errors (SE) in parentheses are positioned between
the competency-domain constructs adjacent the adjoining lines, with optimal values <0.8
and so the values observed suggest the presence of major multicollinearity; (2) Standardised factor loadings (SE) are above the arrows joining the competency-domain construct
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to the observed indicator-items and optimal values are > 0.7; (3) Residual (error) variances (SE) are provided in the squares to the right of indicator rectangles with arrows to
the appropriate indicator and optimal values are very low; and (4) R2-values (SE) are
above the right side of the indicator rectangles and values >0.4 are preferable.
When separate CFA were used to evaluate construct validity of the outlier and nonoutlier groups as separate data-sets (single-group solutions), the model fit indices were
acceptable (Table 6.1). The non-outlier group (without those with lenient or stringent
tendencies) had a very similar model fit to the original model as did the outlier groups
(Table 6.1). Because they are analysed as single-group solutions comparing changes in
the χ2 values does not mean a true difference exists, but does mean that it is appropriate
to examine any differences using measurement invariance methods of comparison of
groups when nested within the whole data-set.
The tests of measurement invariance analysis for the full sample using group modelling of the respecified hypothesised model for supervisor binary group comparisons are
presented in Table 6.2. Again the comparison groups were supervisors without tendencies to leniency or stringency and those supervisors with lenient or stringent tendencies
but within the same data-set. Equal form analysis for the 3 Factor respecified hypothesised model comparing the nested group solution provides an acceptable fit to the data.
The different groups’ competency-domain and competency-indicator structures are
equivalent, that is, the same constructs are being measured across these specific groups
for the hypothesised model. The solution provides the baseline model for measurement
invariance testing of factor loading and intercepts.
The equal factor loadings and intercepts groups analysis for the hypothesised model
comparing nested groups of outlier supervisors and no outlier supervisors had acceptable
model fit indices (Table 2). The critical χ2 value for indicating a significant difference is
22.36 signifying that the difference in the χ2 between the equal form and equal factor
loadings and intercepts is not significant. The constraints of equal factor loadings and
intercepts does not significantly degrade the fit of the solution, therefore the competency-indicators have comparable relationships to the latent constructs across groups,
factor loadings and intercepts are equivalent across the two groups. The factor loadings
and intercepts are invariant across the groups so the latent mean can be compared for
other analyses relating to the score values. The differences in means between the groups
(see Appendix Tables 6.1 and 6.2) can be interpreted as real because the groups are
measuring the same constructs.
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Table 6.1 Model fit indices for single-group solutions respecified hypothesised 3 factor model from the group
with and the group without outliers
Model

χ2
p-value

χ2/df df

AIC

BIC

TLI

CFI

RMSEA
(95%CI)
p-value

SRMR

3 Factor hypothesised model 29.298
1.22
(Figure 2)
p = 0.2091
df 24

24

2931 3032 0.994 0.996 0.032
0.019
(0.000 to 0.067)
p = 0.767

3 Factor hypothesised single- 26.819
1.28
group model with outlier
p=0.3130
supervisors removed
df 24

24

1602 1685 0.993 0.995 0.032
0.028
(0.000 to 0.084)
p=0.660

3 Factor hypothesised single- 39.671
1.65
group model with outlier
p=0. 0232
supervisors only
df 24

24

1353 1430 0.969 0.979 0.082
0.028
(0.030 to 0.125)
p=0.127

Maximum Likelihood (ml) estimator; χ2=Chi-squared; AIC= Akaike information criterion; BIC=Bayes information
criterion; TLI= Tucker–Lewis index; CFI= Comparative fit index; RMSEA= Root mean square error of approximation; SRMR= Standardised root mean square residual.
Table 6.2 Tests of measurement invariance for the respecified hypothesised model (Figure 6.1) for supervisor
and trainee binary group comparisons
Model*

χ2
p-value

3 Factor respecified
hypothesised model
(Figure 2)

29.298
1.22
p = 0.2091

24

0.994 0.996 0.032
(0.000 to
0.067)
p = 0.767

0.019

Equal form for the 3
66.351
1.51
Factor respecified
p = 0.0163
hypothesised model
comparing nested
groups of outlier
supervisors (n = 81) and
no outlier supervisors (n
= 134)

44

0.973 0.983 0.069
(0.030 to
0.101)
p = 0.179

0.083

Equal factor loadings
80.898
1.42
and intercepts for the 3 p = 0.0204
Factor respecified
hypothesised model
comparing nested
groups of outlier
supervisors and no
outlier supervisors

57

0.981 0.976 0.062
(0.026 to
0.092)
p = 0.247

0.087

Ratio df
of χ2 to
df

χ2 diff

Δ df

14.547** 13

TLI

CFI

RMSEA
(95%CI)

SRMR

Maximum Likelihood (ml) estimator; χ2=Chi-squared; χ2 diff = nested χ2 difference; TLI= Tucker–Lewis index; CFI=
Comparative fit index; RMSEA= Root mean square error of approximation; SRMR= Standardised root mean
square residual.
2
** The critical χ2 value for indicating a significant difference is 22.36 indicating that the difference in the
χ
between the equal form and equal factor loadings and intercepts is not significant.
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Reliability evaluation results: A simple application of Generalisability Theory for a one
facet design for nested-data was used to assess reliability using variance components and
the number of assessments for a minimum adequate reliability coefficient ≥0.80
(NAMAR). The analysis is on the trainees’ scores with the trainees’ assessment score being the unit of analysis (for the SPC the supervisors’ scores were the unit of analysis). The
baseline reliability was established for all assessment competency-indicators (Table 6.3).
Assessors who demonstrated outlier scores >3 times identified using SPC were excluded
from a repeat analysis. For the remaining assessments without any outliers with > or < 3σ
(n=134), the reliability for each indicator-item improved (Table 6.4). The NAMAR for each
competency-indicator was lower for each item (Table 6.4) and the total was significantly
reduced after removal of the outlier assessments, with the median difference between
the two groups being significant (related samples Wilcoxon signed rank test p=0.002).
The number of competency-indicators able to be assessed increased (Table 6.4).
Table 6.3 Trainee score variance and percent of total variance for the whole supervisor group
Competency indicator item

Number not NAMAR
assessed*

Trainee variance

Error variance

Variance
% VC d.f.
component

Variance
% VC
component

(d.f.)

1.1 Knowledge

0

28.3

0.059

12.4

101

0.415

87.6

113

2.1 Patient safety

1

39.2

0.049

9.3

101

0.481

90.7

112

2.2 Communication

3

20.2

0.091

17.1

101

0.460

82.9

110

2.3 Patient assessment

1

24.2

0.073

14.2

100

0.442

85.8

113

2.4 Investigations

3

41.5

0.042

8.8

101

0.436

91.2

110

2.5 Procedures

14

24.8

0.064

13.9

101

0.395

86.1

99

2.6 Patient management

0

32.6

0.049

10.1

101

0.399

89.9

113

2.7 Prescribing

1

396

0.005

1.0

101

0.526

99.0

112

2.8 Emergency care

18

61.6

0.030

6.1

96

0.464

93.9

100

2.9 Information management

1

40.4

0.057

9.0

101

0.577

91.0

112

3.1 Population health

18

96

0.017

4.0

97

0.411

96.0

99

3.2 Aboriginal & Torres Strait
Islander health

98

NA

0

0

70

0.465

100

46

3.3 Comorbidities

4

NA

0

0

100

0.632

100

110

3.4 Quality assurance

44

NA

0

0

84

0.443

100

86

4.1 Professionalism

0

NA

0

0

101

0.563

100

113

4.2 Self-management

2

12.6

0.125

24.0

100

0.395

76.0

112

4.3 Self-education

1

26.5

0.072

13.1

101

0.477

86.9

112

4.4 Clinical responsibility

2

55.1

0.036

6.8

100

0.496

93.2

112

4.5 Teamwork

0

36.6

0.051

9.8

101

0.467

90.2

113

4.6 Time management

1

18.5

0.103

17.8

100

0.477

82.2

113

*Number of unassessed competencies by individual supervisors; NAMAR is the number of assessments for a
minimum adequate reliability; d.f. = degrees of freedom from an ANOVA III analysis; VC = variance component;
NA= not applicable since zero variance for trainee score.
Table 6.4 Trainee score variance and percent of total variance with supervisors having ≥ 5 outlying scores
excluded
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Competency indicator NAMAR for NAMAR with
item
all
supervisor
supervisors outliers
removed*

Trainee
variance
component
with supervisor
outliers
removed*

Error variance
component
with supervisor
outliers
removed*

% trainee
Total d.f.
variance with
supervisor
outliers
removed*

1.1 Knowledge

28

15

0.100

0.387

20.5

117

2.1 Patient safety

39

56

0.029

0.406

6.7

117

2.2 Communication

20

7

0.153

0.271

36.1

116

2.3 Patient assessment 24

6

0.196

0.271

42.0

116

2.4 Investigations

42

8

0.151

0.294

33.9

116

2.5 Procedures

25

10

0.145

0.347

29.5

109

2.6 Patient
management

33

10

0.116

0.290

28.6

117

2.7 Prescribing

396

48

0.033

0.398

7.7

117

2.8 Emergency care

62

13

0.104

0.330

24.0

107

2.9 Information
management

40

22

0.084

0.463

15.4

116

3.1 Population health

96

14

0.087

0.297

22.7

108

3.2 Aboriginal and
Torres Strait Islander
health

NA

60

0.027

0.408

6.2

83

3.3 Comorbidities

NA

NA

0

0.513

0

113

3.4 Quality assurance

NA

NA

0

0.371

0

105

4.1 Professionalism

NA

22

0.076

0.421

15.3

117

4.2 Self-management

13

6

0.189

0.276

40.6

116

4.3 Self-education

27

13

0.119

0.375

24.1

116

4.4 Clinical
responsibility

55

12

0.109

0.319

25.5

115

4.5 Teamwork

37

12

0.113

0.344

24.7

117

4.6 Time management 19

30

0.053

0.398

11.8

116

Median of total#

12.50

59.63

NAMAR is the number of assessments for a minimum adequate reliability = σ2error / {(σ2subjects/0.8)
- σ2subjects} rounded to nearest integer; d.f. = degrees of freedom from an ANOVA III analysis; NA=not applicable since
zero variance for trainee score
# Difference between groups significant (related samples Wilcoxon signed rank test p=0.002)

Discussion
The observations from this exploratory study indicate that the methods offer a promising
approach for a novel evaluation of the quality of supervisors’ assessment results, both as
a group and for individuals. The former was achieved using internal structure for validity
evidence, namely construct validity and reliability as measures of quality. Individual supervisors’ assessment scores identified by SPC to be potentially biased by leniency or
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stringency can be used as one measure of an individual’s assessment quality. The problem of common method bias such as leniency and stringency may be identified early in
an assessment program when it is a potential threat to the validity of judgement-based
assessments of competency constructs.
The first aim for this study was to test the assumption that supervisors are accurate
and precise assessors by using SPC methods. Supervisors who are lenient and/or stringent
assessors, those who are “out-of-control” to use the words from SPC terminology can be
identified and then further investigated. The presence of such outliers was confirmed,
and an ad hoc analysis demonstrated that the assessments results are measurably affected by those potentially biased individual supervisors. The number and identity of individual outliers with mean scores greater than +3-sigma or less than –3-sigma can be
readily identified and the variation visually appreciated between peers. For a sizeable
percentage of supervisors (assessors) participating in these assessment processes, the
“process” being measured would be considered out-of-control. That is, those score competencies provided by many of the supervisors demonstrate a tendency for many scores
to be excessively high or low, and not achieving expected specifications for scores. When
individual trainees are rated differently by different assessors for the same competency
then not only issues of validity and reliability evidence are at stake, but also simple fairness of assessment processes 37.
A second aim of this study was to evaluate the impact of individual supervisor outliers
on the internal structure validity evidence, namely construct validity evidence and reliability of assessment results; and by doing so identify methods that could be potentially
used as outcome measures for quality improvement interventions for supervisor assessments. The observations clearly indicate that the outliers do have an adverse impact on
the validity of the assessment results. Removing outlier supervisor results improves the
reliability and while maintaining optimal construct validity. This result is predictable and
supports the concept that construct dimensionality needs to be confirmed before reliability can be appropriately identified 38. The model fit analyses for the separate groups of
outliers and non-outliers using the measurement invariance method for nested group
comparisons, shows that the outlier group and the non-outlier group of supervisors are
still measuring the same constructs.
The reliability evidence is concerning; the variation between supervisors is substantial. The differences are likely to be real since with measurement invariance at the factor
loading and intercept level, observed or latent means are directly comparable between
groups 34;39. An improvement process should be mandated for assessment fairness 37.
Quality improvement applications have been repeatedly advocated for educational
and psychological assessment methods of all types 21;37, including medical education 5.
However, the systematic use of SPC in medical education has not been broadly investigated nor its routine use established. A number of reviews about the use of SPC in
healthcare have not identified any systematic use in medical education or as method of
monitoring quality of assessment results 27;40;41. Moreover the detailed examination of
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the validity evidence for the internal structure of judgement-based supervisor assessment results also has not been systematically implemented.

Implications
The observations made in this exploratory study are novel and potentially useful for enhancing the methods applied to the improvement of the quality of judgement-based assessments. Moreover, the aims and methodological approach are applicable to any institution with the same assessment processes, but not the results. The results of this study
apply only to the population examined and unequivocally demonstrate how subgroups
can adversely influence validity evidence about assessment results. This supports the often stated concern that aggregated data can conceal variation within assessment programmes that could be exposed by scholarly “fine-grained analysis at local level” 29. Appropriate production of validity evidence can reveal variation in training programme assessment results needing to be identified if safety and quality are to be effectively monitored and improved 29.
The methodological approach leaves the door open for quality improvement enhancements and for the development of potential improvement interventions. By removing the bias associated with those supervisors with a tendency to leniency or stringency,
the resulting improvement in the reliability is significant, with no degradation of the construct-validity evidence for the competency-domain and competency-indicator structure
as shown by the CFA methods. Therefore an intervention meant to improve the assessment capabilities of the supervisors can be measured with appropriate outcomes. Moreover, the effect of using calibration techniques to improve assessment quality can be
measured.
For an institution, the assessment process can be monitored for the mean scores provided by individual assessors to identify any unexpected variation. Each assessment
method would need to have agreed upon suitable specification limits identified in the
context where it is applied. The SPC indices and control limits could also provide outcome
measures for use when trying new assessment formats, different calibration interventions, new supervisors, and protocol changes just to name a few quality control and improvement possibilities. For example, SPC could permit real-time outlier identification
during quality improvement efforts, then reevaluation of outcomes after establishing
process change.
Judgement-based assessments, such as supervisor assessments that have been developed over many decades have often been the educational blueprint for the required
competencies that content experts and certification bodies expect for trainees. The specific competency-domain and competency-indicator structures so framed are expected
learning outcomes and required for certification. The application of CFA methodology to
evaluate a training program’s assessment results can identify if the expected (for learning) and required (for certification) structure has been implemented by the assessors.
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The pragmatic reliability measures of those assessments, namely the percent trainee variance components and the NAMAR can also be measured and compared to that required
by the learning and certification bodies for benchmarking between institutions.

Limitations
A number of imitations are easily identified as expected in an exploratory study. Firstly
control charts are usually for time series data and enable the early detection of trends in
data that may indicate problems. The SPC method was used for cross-sectional points of
analysis with the supervisors as subgroups. However SPC is designed as a monitoring process of data points and the analyses of those data-points are agnostic to their source
unless more detailed evaluation is undertaken such as with Cumulative sum (CUSUM)
techniques 40;42. The proposed use in this study is as a monitoring process for data-points
in order to alert possible problems that needs further evaluation and possible intervention. Good arguments exist that some formats of process control such as CUSUM do not
satisfy the major requirements of reliability, validity and educational impact 42. However
the purpose in this study was not to replace reliability, validity and educational impact
but to assist in their application and evaluation in the quality improvement framework.
Indeed because improvement with special-cause variation warrants an investigation to
find the cause 25, the method facilitates that investigation rather than replace it.
Secondly, the choice of the control limits of +/- 3 sigma (standard deviations) follows
traditional SPC limits to identify special cause variation from common cause variation. If
the data are within these limits, then it is assumed that changes in data are a result of
common cause variation. If the measurements fall above or below the upper or the lower
control limit, then it is assumed that changes in data are a result of special cause variation.
Because 99.73% of the values lie within three standard deviations of the mean, there is
only a 0.27% chance that a single measurement will lay outside of the upper and lower
control limits. The appropriateness of this control limit needs further investigation and
input from training and certifying institutions. However, control charts consist of multiple
measurements and so for the typical control chart a higher likelihood exists that a measurement will fall outside of the limits simply by chance due to repeated measurement.
Therefore maintenance of strict control limits may be reasonable.
An important third limitation needing further investigation is that nested and unbalanced designs may not be ideal for investigating potential observer bias. Fully crossed
designs may be necessary to avoid true difference due to true variation in the competency of the trainee assessed by the outlier assessors. The notion of using nested and
unbalanced data-sets requires that the trainees are randomly allotted to the assessor.
This is not the case for this study, the trainees are able to request a term rather than an
assessor but the assessor goes with the term. Usually only 1 or 2 of the choices are able
to be provided and the rest tend to allotted somewhat randomly (not randomised). This
exploratory analysis should be repeated with a fully crossed design. Also to measure if
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the true variation can be detected by this process, a calibration method for overall and
competency assessment results is required to ensure that result variation is truly different to the expected and required standards. Furthermore, checking with the relationship
between trainee score variance and the frequency of rater outliers needs further methodological investigation to determine its utility in general to demonstrate balanced assessment scores.
Finally, outlier supervisor scores that can be identified will be considered inadequately
assessed competencies of the trainees for that specific competency and for the purpose
of these analyses. It is possible though that the outliers results may represent the “true”
scores for trainees and not the mean scores. To examine this though, a specific calibration
study would be required. If the SPC methods are shown to be a sustainable way of usefully
identifying supervisor bias then such an examination would be essential, something proposed by Avedis Donabedian 40 years ago 26.

Conclusions
Given the observations from this study, the assumption of precision and accuracy that is
made by training and credentialing bodies that uncritically use the assessment results
from supervisors is in doubt and needs further close scrutiny. The concepts and methodological implementation explored need further evaluation and refinement in different
contexts and populations but show potential promise for: (1) identifying if poor internal
structure validity evidence exists for assessment programmes; (2) identifying potentially
biased assessors; (3) use as outcome measures to investigate experimental interventions
to improve assessor capabilities; and (4) use as continuous quality improvement of judgement-based assessment results.
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Appendix Table 6.1
ANOVA of means for stringency level and no stringent assessments
ANOVA
Sum of Squares df
Knowledge

Patient safety

13.027

2

6.514

Within Groups

86.396

212

.408

Total

99.423

214

Between Groups

24.734

2

12.367

87.848

212

.414

112.582

214

Within Groups
Total
Communication

Between Groups

24.916

2

12.458

Within Groups

90.595

212

.427

115.511

214

Total
Patient assessment

Between Groups

19.268

2

9.634

Within Groups

91.331

212

.431

110.599

214

Total
Investigations

Between Groups

14.406

2

7.203

Within Groups

86.218

212

.407

100.623

214

Total
Procedures

Patient management

Prescribing

Between Groups

8.743

2

4.372

Within Groups

89.692

212

.423

Total

98.435

214

Between Groups

12.584

2

6.292

Within Groups

81.946

212

.387

Total

94.530

214

Between Groups

30.102

2

15.051

Within Groups

84.151

212

.397

114.254

214

14.506

2

7.253

90.555

212

.427

105.060

214

Total
Emergency care

Between Groups
Within Groups
Total

Information management Between Groups

Population health

Aboriginal and Torres
Strait Islander health

24.694

2

12.347

Within Groups

109.827

212

.518

Total

134.521

214

Between Groups

20.846

2

10.423

Within Groups

77.853

212

.367

Total

98.699

214

Between Groups

14.311

2

7.155

Within Groups

85.900

212

.405

100.211

214

Total

148

Mean Square F

Between Groups

Sig.

15.983

.000

29.845

.000

29.152

.000

22.363

.000

17.711

.000

10.333

.000

16.277

.000

37.918

.000

16.980

.000

23.833

.000

28.382

.000

17.659

.000
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ANOVA
Sum of Squares df
Comorbidities

Quality assurance

Professionalism

Mean Square F

Sig.

23.177

2

11.588

23.254

.000

Within Groups

105.648

212

.498

Total

19.324

.000

25.963

.000

15.877

.000

20.025

.000

20.043

.000

18.212

.000

39.756

.000

Between Groups

128.824

214

Between Groups

14.251

2

7.126

Within Groups

78.176

212

.369

Total

92.427

214

Between Groups

23.869

2

11.934

Within Groups

97.452

212

.460

121.321

214

Total
Self-management

Between Groups

14.659

2

7.329

Within Groups

97.867

212

.462

112.526

214

Total
Self-education

Between Groups

18.180

2

9.090

Within Groups

96.236

212

.454

114.416

214

Total
Clinical responsibility

Between Groups

17.814

2

8.907

Within Groups

94.211

212

.444

112.025

214

Total
Teamwork

Between Groups

16.118

2

8.059

Within Groups

93.808

212

.442

109.926

214

Total
Time management

Between Groups

33.269

2

16.634

Within Groups

88.703

212

.418

121.971

214

Total

149
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Appendix Table 6.2 ANOVA
Comparing means for leniency level and no lenient assessments
ANOVA
Sum of Squares df
Knowledge

Patient safety

Communication

Patient assessment

Investigations

Procedures

Patient management

Prescribing

Emergency care

Mean Square F

Sig.

8.650

2

4.325

10.336

.000

Within Groups

53.979

129

.418

Total

62.629

131

Between Groups 16.142

2

8.071

21.181

.000

.381
10.594

.000

13.418

.000

8.724

.000

8.852

.000

12.909

.000

11.950

.000

12.122

.000

12.498

.000

15.853

.000

8.518

.000

Between Groups

Within Groups

49.154

129

Total

65.295

131

Between Groups

8.154

2

4.077

Within Groups

49.648

129

.385

Total

57.803

131

Between Groups 11.668

2

5.834

Within Groups

56.088

129

.435

Total

67.756

131

Between Groups

7.278

2

3.639

Within Groups

53.810

129

.417

Total

61.089

131

Between Groups

7.869

2

3.934

Within Groups

57.335

129

.444

Total

65.204

131

Between Groups 10.001

2

5.000

Within Groups

49.969

129

.387

Total

59.970

131

Between Groups

9.846

2

4.923

Within Groups

53.146

129

.412

Total

62.992

131

Between Groups 10.063

2

5.031
.415

Within Groups

53.542

129

Total

63.605

131

Information management Between Groups 13.226

Population health

Aboriginal and Torres
Strait Islander health

150

2

6.613

Within Groups

68.258

129

.529

Total

81.484

131

Between Groups 11.772

2

5.886

Within Groups

47.897

129

.371

Total

59.670

131

Between Groups

6.849

2

3.424

Within Groups

51.861

129

.402

Total

58.710

131

Measuring the quality of supervisor assessments
ANOVA
Sum of Squares df
Comorbidities

Quality assurance

Professionalism

Self-management

Self-education

Clinical responsibility

Teamwork

Time management

Between Groups 16.124

Mean Square F

Sig.

2

8.062

19.024

.000

.424
7.704

.001

14.311

.000

11.427

.000

15.625

.000

21.451

.000

16.184

.000

14.354

.000

Within Groups

54.668

129

Total

70.792

131

6.102

2

3.051

Within Groups

51.086

129

.396

Total

57.188

131

Between Groups

Between Groups 12.286

2

6.143

Within Groups

55.373

129

.429

Total

67.659

131

Between Groups

9.854

2

4.927

Within Groups

55.622

129

.431

Total

65.476

131

Between Groups 13.845

2

6.922

Within Groups

57.150

129

.443

Total

70.994

131

Between Groups 18.013

2

9.006

Within Groups

54.161

129

.420

Total

72.174

131

Between Groups 13.706

2

6.853

Within Groups

54.627

129

.423

Total

68.333

131

Between Groups 12.296

2

6.148

Within Groups

55.250

129

.428

Total

67.545

131
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Synopsis
Each introduction for every chapter presenting the empirical research for this dissertation has illustrated the pervasive and persisting existence of major issues affecting the
validity and reliability of supervisor assessment results, and from a number of viewpoints.
This problem has been a long-term thorn for claims of quality for such assessments for
their intended use, whether as assessments for learning, or assessments of learning. This
includes assessments expected for certification as a medical practitioner. Each chapter
pushes the thorn deeper by further demonstrating observations highlighting decades of
concerns from past work which is now further supported by more fine-grained methodology. Both the old and the new information expose seemingly obstinate inattention to
the quality of the preparation, implementation and conduct of supervisors’ assessments,
much less their simple fairness for trainees and society. Importantly also the information
and observations put in doubt their defensibility to continue as they are currently implemented.
In this Chapter the summary of the main observations and evidence from the research
easily supports the need for a constructive reappraisal of the status quo of supervisor
assessments, even the possibility of scrapping them altogether. Despite the persistence
of poor quality, each of the adverse observations can be prevented and better outcomes
potentially realized by implementing true evaluative examination of the quality of assessment results and processes. Creating change using validity evidence as a quality improvement method combined with traditional improvement processes appears to be a justifiable process worthy of implementation.
Within the second part of this Chapter the possibilities for improvement on the existing and critical change are conceptually explored to offer future approaches to take the
science for supervisor assessments. A future that move what would be considered a prescientific paradigm to a formal scientific broad based and methodologically robust paradigm, grounded in valid cumulative research and knowledge attainment. The extent of
the change required means that only a sampling of the creative possibilities can be briefly
identified and not explored in detail. The implications for the development of future research and practice are summarised, ultimately arguing for a need for greater integration
of research into supervisor assessments and alternative and authentic assessment formats that enhance trainee learning in the workplace. Finally, the limitations of the empirical studies and the approach taken in this dissertation will only be briefly addressed
since the limitations have been well identified for each empirical study.
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Summary Aim One: Evidence of a need for constructive reappraisal of the
status quo of supervisor assessments
Reliability and construct validity evidence
Firstly, the reliability problem for supervisors’ assessment results was addressed from a
pragmatic perspective by exploring the use of score variance attributable to the trainee
(percent variance components attributable to the trainee) as an easily understandable
and measurable outcome statistic for reliability. As well, the number of assessments for
a minimally adequate reliability is used as a statistic for the sampling number needed for
adequately reliable workplace assessments. Not surprisingly the results ran with the baton of unreliability waiting to be passed onto the next generation of trainees, more in the
vein of repeating the circular “Groundhog Day” than in a race for excellence. The need
for a fresh approach to the problem is clear. Every training programme using supervisors’
assessments should measure their reliability, preferably from a pragmatic perspective,
and use the results in quality improvement processes. To ensure transparency, accountability and good governance, the reliability results require critical review. A transparent
review would include directors of training programmes and accrediting bodies, as well as
supervisors as feedback for self-directed improvement, and also by trainees so that they
can be confident in the assessment results they are provided.
For validity, the position appears more confused than exact given the general observations provided by the literature. Adequate methodology has not been employed to establish construct validation as a routine. Nor does a systematic examination with a traditional scientific approach of increasing the cumulative evidence and knowledge base for
validity evidence exist. The investigation of the expected latent competency constructs,
the evaluation of confounding influences on supervisor construct interpretation, and the
evaluation of the reliability of global constructs have not been routinely undertaken for
supervisors’ assessments in the workplace. The results of the study in Chapter 3 demonstrate a lack of construct alignment between what is expected to be measured by certifying agencies and what is actually measured. They are not the same.
However, the feasibility of obtaining competency-domain measurements that are of
value for feedback and decision making was demonstrated by the empirical results. Chapter 3 results demonstrate that when supervisors are able to assess competency-domains
it can be done with adequate precision and accuracy to provide potentially defensible
results. A useful competency-construct related to a general professional job performance
competency-domain was identified as worthy of further investigation because of the improved reliability characteristics. Nevertheless, when a similar hypothesised competencydomain was evaluated in a later group of trainees and supervisors, reliability had deteriorated and the model required respecification because of localised areas of ill-fit suggesting the presence of extensive common method bias. A need for further enquiry into
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alternative competency-domain constructs is clear given the lack of competency criterion
standardisation of supervisors’ assessments by the content experts.
The results from a more detailed construct validity evaluation unequivocally repeated
the over-riding lack of construct alignment between the supervisors with the original
competency-domains. In essence there is a lack of alignment between the certifying bodies’ and training institutions expectations that propose and design the assessment process. These are test developers and implementers who are responsible for the content
validity. Repeatedly supervisors demonstrate some level of shared understanding different to the expected. Using another population of supervisors and trainees, CFA established that a respecified hypothesised three competency-domain structure which included a competency-domain of a General Professional Job Performance competency
provided very good model fit indices. This limited but measurable shared understanding
between supervisors for competency-domain constructs appears to be the normal rather
than the exception.
However, the disturbing perpetuation of patterns of invalidity remains ubiquitous
even after a new assessment format was introduced by the Australian Medical Council
(AMC). Many of the individual competency items were not reliably measured and some
were unable to be adequately measured at all. In addition, a lack of construct alignment
between the original competency-domain structures required by the certification body
and what the supervisors actually assess appears entrenched. In addition, even though
the respecified competency-domain model had generally good construct validity to the
level of metric and possibly scalar invariance, the model most likely is underspecified and
lacks a broader number of competency indicator-items.
Again though, some cause for optimism endured. Routine measurement of the validity evidence for assessment results can be achieved in a time frame acceptable for CQI,
pathing a way for escaping “Groundhog Day” by investigating improvement interventions
using validity results as outcome measures. Moreover, the competency-domain of General Professional Job Performance still appears worthy of development as potentially a
valid measure of trainee performance. This needs appropriate investigation and substantiation using theory-based and hypothesis driven approaches with CFA, measurement invariance and other structural modelling methods.
Whether supervisors are able to assess the expected competencies appears to be
rarely questioned and certainly never routinely measured. Using validity evidence as a
source of monitoring standards for groups of supervisor assessments and statistical process control for individual supervisor assessments seems a logical endeavour, one that is
not performed and routinely not performed. However, results from the exploratory study
incorporating SPC methods are encouraging, and point to a potential avenue to rehabilitate the invalidity of supervisors’ assessments. The methods were able to document
measurement equivalence of the construct between two groups of supervisors who were
identified by statistical process control; the groups consisted of supervisors with and
without tendencies for leniency or stringency bias. Even though they were measuring the
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same construct the differences in the supervisors’ ability to calibrate competence had an
adverse impact on the reliability measures which again was ably demonstrated using a
minimum sample size for the methods employed.
The age-old problem that the supervisor you get determines your assessment result
persists. Nonetheless the approach is eminently suitable for providing outcome measures
for quality improvement interventions. So, the baton now can be passed on with an eye
to excellence in measurement performance by supervisors, eventually.

Expected competency-domain constructs
A major observation, as discussed in the empirical chapters and summarised above, is the
lack of internal construct validity for the competency-domains that had been devised by
the certification bodies in the respective chapters. These were the former Institute of
Medical Education and Training (IMET) for New South Wales in Australia for Chapters 2,3
and 4; and the current Australian Medical Council (AMC) in Chapters 5 and 6. The competency-domains expected by these standard setting bodies were not identified by the
supervisors, meaning that the assessment results did not have internal construct validity
for the registered practitioners. As a group evaluation, each of the assessment results
could not be defensibly utilised for their intended interpretation and use. The content
validity for these assessment formats was unlikely to have been adequately validated before implementation or at least confirmation that the competency-domain and competency-indicator constructs were identifiable by the supervisors. The feedback from such
a disjunction between what supervisors’ assess and what they are required to assess provides a clear signal for systemic change if repeated in the validity evidence from other
training programmes.

New competency-domain identification
During the examination of the construct validation of the original competency domains
another alternative latent construct was identified by exploratory factor analysis (EFA),
one that was not delineated by the certifying and educational experts. It was spontaneously delineated by the supervisors as a group. Those supervisors identified trainees that
had observed characteristics (indicator-items) that had strong correlation as classified by
the EFA factor loadings (Chapter 3). Trainees that had characteristic that were “efficient
and effective for the day-to-day work of a complex professional clinical workplace environment” 1. The presence of a general job performance construct is well documented in
the general workplace research literature 2 although viewed from a perspective of an
overriding single competency construct 3. Similar grouping of operationally competent
characteristics has been delineated in the medical literature, for example evaluating the
clinical effectiveness of physicians 4. Moreover, the characteristics of the ‘‘general professional job performance’’ are similar to those described in the general workplace 2.

157

Chapter 7

Supervisor assessment – time for change
The results of the studies in this dissertation provide strong empirical support for the
concerns of others that have been expressed consistently and repeatedly for a long time
5 6 7
. To quote a former eminent Australian politician, “It’s Time” 3; time to change this
recurring embarrassment and stop trivialising supervisor-based assessments in medical
education:
“If the users, assessors and assessees do not fully understand the meaning and
purpose of the assessment, the assessment is doomed to be trivialised.” van der
Vleuten and colleagues 2012 9
The use of the established and available knowledge about methods and empirical analyses for obtaining validity evidence are a potential avenue to effectively bring about
change if applied appropriately. These include confirmatory factor analysis, measurement invariance, common method variance analysis, and statistical process control,
merged with process quality measurement. These methods were used to demonstrate
the presence of bias and measuring the impact of that bias on rater quality when measured as a group. Next is summarised how such methods can assist in bringing about improvement upon the status quo.

Summary Aim Two: Creating change using validity evidence as a quality
improvement method combined with traditional improvement processes
The utility that validity evidence can be used as measures of rater quality and for establishing quality control processes was well supported by the empirical studies. The information obtained can be used as feedback to supervisors about the quality of their ratings,
both as a group and as individuals. The information provided by the empirical studies,
positioned within the current approach taken by standard setting bodies and others, are
summarised below.

Validity evidence and continuous quality improvement
Normally the validity evidence from supervisor assessments would be considered as evidence for the interpretation and intended use of the results 10;11. Since the supervisor is
in effect the measurement “instrument”, validity evidence can be interpreted as verification that the assessment instrument and process is working effectively. Therefore, the
use of internal validity evidence for term-supervisor assessment results used for unconditional-registration of medical trainees was explored as potential measures of
3

Gough Whitlam was a Prime Minister of Australia from 1972 to 1975 during which time he changed the landscape for Australia culture and politics with his social reforms 8. He used the words: “It’s Time”, time for change
as his initial election campaign theme following more than two decades of conservative rule.
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supervisors’ ability to adequately assess trainees, and the feasibility of their use for continuous quality improvement (CQI).
Measuring the quality of assessments is a standard expectation of training, standard
setting and certification bodies in Australia 12, Canada 13, the United States 14 and the
United Kingdom 15 as examples. Quality measures have certain characteristics which help
in providing feedback that can direct quality improvement of the monitored process, instrument and/or method. For example, a drive towards benchmarking is being taken by
the Accreditation Council for Graduate Medical Education (ACGME) 14. The latest report
from the ACGME indicates wide variation in the attainment of the expected milestones
14
. Many reasons for the variation have been identified and are provided including variation in scoring by raters and difference in methods used to assess the competencies 14.
However, at present there is no process or methods applied to establish the construct
validity of the competencies by training programmes, or to evaluate the ability of the
assessors to develop a shored understand the required competency constructs. Clinical
Learning Environment Review (CLER) Site Visits revealed numerous challenges and opportunities across the 6 CLER Focus Areas: “patient safety; health care quality (including
health care disparities); transitions in care; fatigue management, mitigation, and duty
hours; supervision; and professionalism” 16. An evaluation of the ability of assessors and
supervisors to provide accurate feedback and, again, whether there was shared understanding of the competencies was not part of the evaluation 16.
Similarly for accreditation of training programmes, with a stated aim of ensuring the
establishment and oversight of institutional supervision policies, no active evaluation of
supervisor capabilities has been detailed 17. Even though excellence in mentorship is an
aspirational goal, how to measure such constructs appears to be a future undertaking 17.
A systematic review of survey-based data reported the opinions of 1076 program directors about the barriers to implementing the ACGME assessment requirements 18. One of
the seven main barriers is inadequate knowledge of the competencies by the assessors
18
. Lack of time was the most commonly stated barrier but a recommendation for the
development of greater faculty and resident understanding of the competencies was a
major recommendation 18.
Originally when developing the concept of optimal assessment methods for the expected competencies, the ACGME convened an Advisory Committee on Educational Outcome Assessment in 2007–2008 19. The recommendations of that expert group included
establishing meaningful validity evidence based on van der Vleuten’s and Schuwirth’s
evaluation methodology to identify high-quality assessment methods 20, for example:
“When the rationale for the use and interpretation of an assessment depends on
the psychological processes or cognitive operations of the learner or the processes
of the evaluator, the theoretical or empirical evidence that supports the interpretation should be provided” 19.
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Indeed, this statement expresses the classic understanding about validity applicable to
supervisors’ assessments: Is the assessment measuring something other than what it was
intended to measure? Does the assessment fail to measure fully the intended construct
19
? What is the degree of agreement between a single expert rater and ‘‘gold standard’’
19
? When a single rater using subjective judgment is the basis of an assessment, can the
strengths and weaknesses of the learner be detected 19? Importantly, the optimal implementation of assessments will always include continued validity testing in the context an
assessment is applied 19. Within the assessment system evaluated in this dissertation such
questions and validity expectations have not been addressed.
A major feature for all the standard setting bodies is that specific requirements for
measuring standards of assessors do not identify the need to ensure that the assessor is
capable of assessing the required competencies. They offer no methods to evaluate the
internal construct validity of the competency-constructs 12;14;15. The methodology used in
this dissertation provide avenues for establishing the reliability and validity evidence for
the utility index 20, and which can also be used for benchmarking, as recommended by
the ACGME more recently 14.

Quality measurement
Quality measurements need the delineation of indicators that “acknowledge an objective
evaluation of the service under examination” 21. Evaluating the quality of raters’ assessments is not a new idea. In areas such as psychology 22-24, performance assessment in
industry 25;26, education 27-29, the public sector 30-32 and sport, particularly elite sport 33,
concerns over rater quality has been a long term concern, as have the exploration to find
methods to measure and improve the quality of those assessments. The problem of rater
quality was identified in the psychological literature more than 20 years ago 23. The empirical results from this dissertation confirm that the problem continues for medical education of postgraduate trainees. Little apparent progress for improving rater precision
and accuracy has been achieved. Therefore, an application of quality measurement is
clearly long overdue.

Assumptions made about supervisors’ assessments
The assumption made by training programs and regulators appears to be that supervisors
are generally accurate and precise assessors given the continued use of judgement-based
assessments and the lack of any measured outcomes or establishment of measurement
methods. Yet the measurement of the internal construct validity evidence of assessment
results combined with statistical process control methods to identify possible outlier assessors (lenient and stringent assessors) demonstrates clear problems. Moreover, the
impact of individual outliers on the internal structure validity evidence of assessment results is measurable and the potential utility of these methods as outcome measures for
use in quality improvement interventions for supervisors is established.
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If the results presented in this dissertation are reproducible in other institutions, the
challenge therefore is to commit to measuring the current state of affairs, and from that
determine actions for improvement processes and methods. Doing nothing should not
be an option in all fairness 10. Educational and licensing bodies have the capability of encouraging improvement and accountability. For example, in the United States the ACGME
have identified variability across the teaching hospitals in addressing key focus areas for
training and educational assessment 34. This governance body has initiated provision for
cooperative improvement which is backed up with an obligation to increase resources
when needed 34.

Lack of progress in quality improvement in supervision
Apart from the methodology used to identify problems in the quality of supervisors’ assessments and the proportionate quality of the supervisors’ ability to provide assessment, many of the observations made in this dissertation have been known for decades.
A brief time anthology from the Australian experience can illustrate the problem. The
non-systematic character of intern training in 1984 was problematic for both interns and
their supervisors since neither had a comprehensive view of what was required to be
learned or what progress had been made 35. The need for a greater range of basic educational strategies such as the provision of ‘observation’ and ‘critical feedback’ was required
in 1997, with efforts needing to be directed toward the training of clinical educators to
optimize the potential of the trainees 36. Only partial compliance with the intern assessment process including adequate feedback regarding their progress, failure to include
formative as well as summative assessment, and suboptimal implementation of an effective remediation process was identified in 1998 37. In the same year a survey found that
the median rating given by trainees for staff support and supervision was “not very good”
38
.
By 2002 issues of supervision persisted with problems of supervision, including role
conflicts, lack of supervisory training and lack of effective feedback 39. Even in 2005 often
the supervision was given by senior trainees with significant room for improvement in
the quality of clinical mentoring by registrars 40. In a survey in 2006 only 56% of trainees
reported adequate contact with their consultants, and less than half received adequate
feedback from their consultants 41. Evidence suggested that the clinical supervision provided to postgraduate doctors was inadequate in 2009 42, and supervisors still needed
training in the process of supervision, and be provided with the time and resources to
conduct it 42. In 2011 Trainees were still requesting and valuing specific feedback about
particular strengths and weaknesses, coupled with suggestions about actions they should
take to improve 43. Yet such feedback was rarely documented 43.
As currently used by trainees and supervisors, the assessment forms may underreport
trainee underperformance, do not discriminate strongly between different levels of performance of trainees or the training system, and do not provide trainees with enough
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specific feedback to guide their professional development 43. In 2012 supervisors assessments in another setting only measured a single global work performance factor as evaluated by EFA, had low reliability, did not discriminate well between interns, and did not
differentiate well between the different domains and assessment items, raising the question as to whether it is fit for purpose 44. And again trained assessors with a substantial
time commitment for development and delivery were absent 44. Indeed, by 2014 it was
more than clear that the tools and processes being used to monitor and assess junior
doctor performance needed improvement 45.
Things may be getting worse: in 2017 61% of respondents to a survey conducted by
the Australian Medical Association said they feared negative consequences in their workplace and for future training if they were to report bullying, harassment and discrimination; and 51% of all bullying, discrimination and harassment came from Consultants who
are meant to supervise 46. Clearly there is a need for accountability.
Such persistent and sustained concerns over decades present the obvious question,
why haven’t the circumstances changed when trainees so affected in the past then become the supervisors? To answer this question an in-depth qualitative examination of
the subsequent training enculturation and embodiment of the incumbent cultural standard is needed.
However the focus now is to delineate what can be done with the information from
this dissertation to drive change for the interests of improving trainee learning and assessment; and to improve the ability of supervisors to measure competency constructs
that they themselves should possess and recognise within their own clinical and professional practice.

Improvement on current practice
Accreditation practices
Accreditation of education and training programmes plays a pivotal role in the implementation of external standards for attaining internal quality that in theory is uniform across
institutions and even nations 47-52. Objective 1.1 of the WHO (2016) Global Strategy on
Human Resources for Health: Workforce 2030 states that ‘by 2020, all countries will have
established accreditation mechanisms for health training institutions’ 53. However, the
perception exists that “no sound evidence to show that doctors educated in accredited
programmes do better than doctors graduating from programmes without accreditation”
even though the “ultimate goal of accreditation of medical education programmes is
good patient care” 54. Indeed, even though there is some weak evidence of an association
between medical education accreditation and examination performance 55, a paucity of
high-quality controlled evaluations of the effectiveness of external inspection accreditation systems 56. As recommended by a Cochrane systematic review from 2016, if policy
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makers wish “to understand the effectiveness of this type of intervention better, there
needs to be further studies across a range of settings and contexts and studies reporting
outcomes important to patients” 56.
If similar results to this study are identified in other training programmes, the question that training bodies and regulators then face is whether to push on with the identified competencies, or use similar competency-domains and indicators identified in this
dissertation which appear to be assessable by clinical supervisors. The methodology employed in this dissertation offers the research pathway to investigate such questions from
the perspective of the internal construct validity and reliability of the competency-domains. In reality validity evidence now exists for the competency-domains identified in
the empirical studies of this dissertation for the individual context. Indeed, more evidence
than for what is currently implemented. However, if other training programmes demonstrate evidence of adequate validity, especially construct validity and reliability using the
methods employed in this dissertation, then the improvements all need to be locally focused in response to the expectations of the accrediting body.
The Australian Medical Council has provided a very useful, concise and reasonable
plan for accreditation standards for specialty training programmes in Australia 12. Standard 8 refers to Implementing the program – delivery of education and accreditation of
training sites. An appropriate quality improvement process can be identified by applying
Standard 8.1 (Supervisory and Educational Roles) from the AMC recommendations which
explicitly describes the required Australian accreditation standards for supervisory and
educational roles 12. The AMC standards can be applied to a quality improvement process
for supervisor assessment results (see Appendix Table 7.1). One can simply ask the question: Do supervisor assessment results measure trainee achievement adequately? From
the empirical results of this dissertation this appears not to be the case for the context
examined, clearly indicating the need for strict application of the AMC Standards with
measurement of standard compliance (see Appendix Table 7.1).

Improving validity evidence for competency-domains and indicators
The assessment of the competency-domain and competency-domain indicators expected by the training and credentialing bodies could be enforced is one improvement
option. This will require the training of supervisors be able to adequately assess all the
indicator competencies. As will be discussed in the next section, many of the indicator
competencies would be better assessed by alternate ways in order to achieve meaningful
measurement of achievement by trainees. Developing the competency-domains identified in this dissertation, ones that supervisors can potentially assess adequately, may be
a better option.
This approach will require further construct validation work, namely to (1) evaluate
the constructs in other populations of trainees and supervisors with the same critical approach; (2) examine the stability over time with latent growth curve analysis which is a
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method to study change in addition to multilevel modelling; and (3) longitudinal mixture
model is latent class growth analysis with the mixture corresponding to different latent
trajectory classes trajectory analyses. The evidence supporting these claims is briefly recapped below.
Competency-domain dimensionality
As repeatedly shown, the dimensionality of the required competency domains was not
identified as required by the training and certification bodies. The actual group of competency-domains that were assessed had excellent model fit and good evidence for at
least metric level measurement invariance and possibly scalar level of invariance. The
most parsimonious model with optimal fit however lacked a number of important competency-indicators that are essential areas expected for future clinical and professional
effective work. The original hypothesised three factor model had good global model fit
but many localised areas of misfit related to interaction between competency-indicators
implicating the presence of common method bias. This was improved with the removal
of one source of common method bias, namely leniency and stringency by supervisor
assessors.
To re-iterate, a feasible option is to consolidate the competency-domains identified
in this dissertation as an alternative to what's offered currently. The validity evidence now
exists for a local context. The need now is to examine the construct validity evidence for
all supervisor-based training and assessment programmes.
Competency-domains as measurable constructs - Validation of constructs
Construct validation begins with the definition and the developing a thorough understanding of the specific construct 57;58 59; ultimately “a mature construct definition should
be formal and explicit” 58. Research findings must allow for valid inferences of four basic
types 60 Firstly the research should have internal validity; that is, there should be credible
evidence of causal relations between variables. Furthermore there should be construct
validity, with a high degree of correspondence between the constructs referenced by a
researcher and their empirical expression. Thirdly, inferences about relations between
variables should be based on statistical procedures that are appropriately conducted and
properly interpreted. Finally, the relevant research should be strong with respect to external validity.
However as pointed out by Barbara Byrne in 1982 58, quoting the work of Marx and
Winne 61, without sufficient knowledge about the construct from internal construct validity studies, investigating the relationship of a construct with another possibly related
construct is inappropriate if there is uncertain interpretation of the construct under investigation. That is, the construct needs to have full internal validation before external
validation is attempted; yet the opposite is often the circumstance 58. This is the case for
supervisor assessments and the validity for their interpretation and use as identified in
this dissertation. Such a position needs to be reversed.
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Direction for future research into assessment strategies
The competency-domains and the individual competency-indicators identified by training
and regulating bodies are thought to be generic to the practice of medicine 47-52. They are
requirements that cross clinical areas of work and specialization. Most are complex characteristics that not only doctors possess but people in all walks of life may already have
to a varying degree. The purpose of the assessment in the context of supervised training
is to measure their presence and the trainees’ ability to display the characteristics. Also
expected is improvement to the requirement expected for the level of training and learning. To function appropriately, supervisors and other more experienced assessors need
to possess the characteristics at a higher order. Similarly they should be expected to know
what they are and how they are expressed, and be able to recognise them not only in
themselves but in others, especially those they are assessing. Although some competency-indicators could contain some elements of innate trait-like intrinsic ability, for example communication and teamwork, all competency-indicators are areas of knowledge,
skill and expertise that are needed across the work life of a medical practitioner to more
or less degree. As such they are longitudinally developed and ideally optimised as experience and knowledge grow together.
Use of supervisor assessments for measuring the quality of assessors’ capabilities to
assess competency constructs is clearly achievable. For the supervisor population providing the assessment results for this dissertation, the evidence for gaps for their “assessability” of knowledge and skill areas is clear. This provides an opportunity to focus on and
develop alternative ways of assessment.

Changing assessment practice
A major question that arises from the results of this study and the previous literature is
whether the use of supervisor assessments should continue in the current form. Should
we stop using these supervisor assessments? Should we move to a different paradigm?
A new paradigm; a paradigm based on the cumulative evidence model for the advancement of science 62. A new mode of viewing the world is needed, one which engages the
theories and methodology of assessment science to develop assessment methods that
enhance trainee learning. For example, by providing objective and cumulative feedback
using progress testing which also can be used to identify the trainees who require additional support and remediation 63. Or by embedding progress testing in an assessment
program which designed according to the principles of programmatic assessment to positively evidence of knowledge acquisition, feedback, and the perception of learning value
64
. The establishment and development of programmatic assessment that can systematically monitor, evaluate, improve and review processes and outcomes for trainees, offers
a model that can simultaneously do the same for supervisors abilities to assess the required competency-domains and competency indicators.
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Programmatic assessment and supervisor participation
Given that the supervisors’ assessments are part of a feedback and formative learning
process, as well as being used for high stakes decision making, the development of a programme of assessment would be an appropriate option to improve upon the current indefensible state. Programmatic assessment is a well-supported concept that can improve
the potential for achievement of learning and training goals 9;65;66. Because the context of
the learning and the assessment are work and workplace based, then the design for the
learning and assessment of the competencies can be mapped to the particular work
where the learning is occurring. Examples are provided in Tables 7.1 and 7.2.
Firstly a broader range of assessments could be developed linked to specific desired
competency-indicators and immersed in daily work (Table 7.2). Feedback source and timing can be in the format of a progress test with feedback for development and/or remediation. Additionally or alternatively a broader range of assessments could be identified
specifically by the work performed with the specific competencies subsequently linked to
work function (Table 7.2). Similarly the feedback source and timing can be in the format
of a progress test with feedback for development and/or remediation.

Reframing progress testing for supervisor feedback and formation
Progress testing in the context of supervisor and clinical performance assessments
Progress assessment is a well-known and established assessment process 63;67-69, the implementation of which appears to be gathering pace as being useful for student learning
70
. Progress tests are a “periodic formative assessment designed to enhance learning by
providing objective and cumulative feedback and by identifying a subgroup of students
who require additional remediation” 63. The test samples the complete knowledge domain expected of medical students on completion of their course, regardless of the year
level of the student 69. This process allows longitudinal, repeated measures, and curriculum-independent assessment of the objectives of the entire medical programme 67. Such
a testing structure coincides with that for a prevocational and specialty training programme, whether two, three or four year’s duration.
The beneficial claims for progress testing includes “a unique and demonstrable measurement of the growth and effectiveness of students’ knowledge acquisition throughout
their course of study” 67;69.
Importantly, the information provided from the longitudinal tests can be “consistently
used for diagnostic, prognostic and remedial teaching and learning interventions” 69. Furthermore, the process functions as a transparent quality assurance measure for programme reviews by “providing an evaluation of the extent to which a school is meeting
its curriculum objectives” 67;69. The process also provides more reliable data for highstakes assessment decisions from multiple measures of continuous learning. One of the
main drawbacks is the lack of standardisation of content and process between different
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educational programmes 69;72. A well-reasoned framework of progress testing indicates
the need for four major phases of the framework 69. These comprise test construction,
test administration, results analysis and review, and feedback to stakeholders 73
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Anchor

Work based activity

Documentation part
of daily routine

3.4 Quality
assurance

Method 5

Patient
Experienced senior trainees
Experienced nursing staff
Supervisor

Supervisor
Quality control professionals

Pharmacists
Nursing staff
Supervisor

In the
format of a
progress
test

Feedback,
source and
timing 7

ibid

Risk reporting by the ibid
trainee
Risk reporting about
the trainee

Develop appropriate ibid
form involving
trainees, pharmacists
and supervisors

Develop appropriate
form
Acceptable to
multiple observers

Outcomes 6

Professionalism
Direct experience by patient reporting about the
trainee
Observation
when assisting
or instructing

Riskman analysis

Analyses of
outcomes from
electronic
prescribing

Experienced senior train- Observation when
assisting or
ees
Experienced nursing staff instructing
Supervisor

Assessor

5

For example, each of four per annum training terms
All assessment development will require traditional methods for establishing content validity and subsequently construct validity and further forms of validity evidence
6
Ibid;
7
As development or remediation

4

4.1
Provide care to all patients in accordance with Hospital admission
Professionalism Good Medical Practice: A Code of Conduct for
Doctors in Australia (Medical Board of
Australia, 2011 71, and demonstrate ethical
behaviours and professional values including
integrity, compassion, empathy and respect
for all patients, society and the profession

Participate in quality assurance, quality
improvement, risk management processes,
and incident reporting for example Riskman

Part of daily routine

2.7 Prescribing Prescribe medications safely, effectively and
economically, including fluid, electrolytes,
blood products and selected inhalational
agents

2.5 Procedures Safely perform a range of common procedural Part of daily routine
skills required for work at level of training

Competency

Table 7.1 Examples of potential assessments for a programme of assessments developed in the format of progress testing 4
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Anchor

Respect the roles and expertise of other
healthcare professionals, learn and work
effectively as a member or leader of an interprofessional team, and make appropriate
referrals

Competency

4.5 Teamwork

Experience of other
health professional

Work based activity

Patients
Nurses
More junior trainees
Senior trainees
Supervisor

Assessor

Direct experience by patient
Direct observation by work interaction with
the other professionals
Include narrative

Method 5

Results of direct
reporting about the
trainee
Use of narrative
components of
feedback

Outcomes 6

ibid

Feedback,
source and
timing 7
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Observation when assisting or
instructing

Direct experience by patient

Developed form with criteria
designed by GPs, trainees and
supervisors

Separate survey form for and
relevant to each type of
assessor

Appropriate validity
evidence

Measures acceptable In the format of a
to multiple observers progress testing

Appropriate validity
evidence

Measures acceptable In the format of a
to multiple observers progress testing

Appropriate validity
evidence

Developed form with criteria
designed by GPs, trainees and
supervisors

Feedback, source
and timing 10

Measures acceptable In the format of a
to multiple observers progress testing

Outcomes 9

Completed by GPs receiving a
DC randomly identified

Method 8

9

All assessment development will require traditional methods for establishing content validity and subsequently construct validity and further forms of validity evidence
ibid
10
As development or remediation

8

Patient
Experienced senior trainees
Experienced nursing staff
Supervisor

1.3 Knowledge
2.2 Communication
2.3 Patient assessment
2.4 Investigations
2.6 Patient management
2.9 Information management
3.1 Population health
3.3 Comorbidities

Hospital
admission

General practitioner (GP)
Relevant Consultant and/or
more senior trainee

Patient
Patient relatives
Assisting experienced nurse
Assisting more experienced
trainee

None specified and the whole document
AND/OR
1.1 Knowledge
2.2 Communication
2.3 Patient assessment
2.4 Investigations
2.9 Information management
3.3 Comorbidities

Discharge
summary (DC)

Assessor(s)

Patient consent 1.2 Knowledge
2.2 Communication
2.3 Patient assessment
2.4 Investigations
2.9 Information management
3.3 Comorbidities
4.1 Professionalism

Potential competencies assessed

Competency

Table 7.2 Examples of potential assessments for a programme of assessments developed in the format of progress testing from work based activities
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Progress testing is generally used to measure cognitive domains and as such cannot
simply replace the assessment of clinical performance. The adaptation from the viewpoint of supervisor assessments is to use the principles of progress testing, but for clinical
performance items provided by supervisors and other direct observers of the required
performance. For example, feedback on the various aspects of skilled clinical and personal communication can be adapted to indicator-item performance of the overall-domain by trainees for each of four terms within a year. Trainees would be provided with
their personal information on each indicator-item and overall competency-domain,
benchmarked to the group; and ideally benchmarked to other similar training programmes in other institutions. That is, the principles and process of progress testing can
be used to feedback and benchmark the individual performance. However the value of
this would be contingent on the feedback having demonstrated validity and reliability,
and hence the observers will need to be well trained and experienced. Moreover, the
results of validity testing, as illustrated in this dissertation, should be in the public domain
so that trainees know how valid and reliable their assessment is for that year and that
training programme. Competition can be a great motivator for medical practitioners at
all levels.
Progress testing for supervisors’ ability to assess competencies
Such an assessment process appears useful for trainees and training programmes and
will need to be formally examined and validated. But what has this to do with the quality
of supervisors’ assessments? The principles of progress testing can be applied to supervisor learning and training, that is for the measure of and an improvement process for
their knowledge and understanding of the latent competency-constructs that they are
meant to assess. A progress test from this perspective could be a comprehensive written
test using scenario-based multiple choice items in context for all supervisors in an accredited training programme. Although innovative, this approach would use standard principles, methods and process of progress testing. Such an approach however would be resisted by many. But such an assessment is a levelling process and could be an attached
requirement for academic status attainment, applying the axiom that assessment can
drive learning.
The completely new direction is that an outcome measure is readily available, and
able to be used simultaneously and longitudinally with the learning agenda. The outcome
is the quality of the assessment results provided by the supervisors as measured by the
methods in this dissertation. As illustrated previously, such an approach does require the
acceptance of the notion implied by Otto Neurath’s metaphor that:
“We are like sailors who on the open sea must reconstruct their ship but are never
able to start afresh from the bottom. When a beam is taken away another a new
one must at once be put there, and for this the rest of the ship is used for support.
In this way, by using the old beams and driftwood, the ship can be shaped entirely
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anew, but only by gradual reconstruction.” Otto Neurath 1921 74, quoted by A E
McGrath 2007 75
In other words, supervisor improvement processes need to occur while they are still supervising and assessing. The metaphor of repairing a floating boat appears to be useful
for the multilevel structure of complex social and educational reality. The only drawback
relates to using the related metaphor of flotsam and jetsam, or whatever comes by, as
building materials to keep it afloat. This is more like what has been happening to date for
supervisor assessments.
This reframing of the concept of progress assessment does not change the basic notions embedded in the process. The concept has the potential to provide ways of gathering evidence of quality for any assessment used for monitoring, diagnoses, initiation of
instructional learning when needed, and the accumulation of formatively assessed data
points as the measure of assessor quality 69. A main outcome should involve the purposeful decision of professional improvement of the supervisors’ capabilities. For example, in
the current context supervisors provide assessments four times a year, in some institutions five times per year. Each of those assessments can be reframed also as formative
feedback assessment of supervisors. Formative in the sense that for those identified as
being lenient or stringent can have specific instructional intervention to improve their
understanding of those competencies for which they were identified as being outliers. As
a group the feedback can be a measure of the effectiveness of the progress testing approach for their learning about the competency-constructs as measured by the quality of
the assessments.
Another example could relate to the whole groups of supervisors within one programme where the progress test is the actual assessment results given by the supervisors
for the trainees. The progress feedback is to the entire group, with the specific feedback
to the supervisor group being about the quality of their assessments and their progress.
The quality is defined by the methods used in this dissertation and proposed as quality
indicators and performance feedback to assessors. In the current context the optimal
achievement is for the training programme supervisor group to attain scalar invariance
for important subgroups. Such subgroups could include gender and types of terms especially for medical, surgical and emergency care terms.
Individual feedback could include how each individual supervisor performed on each
competency indicator, presented either as part of a de-identified mean 3 sigma control
chart or in the standard format for progress testing. That is, as a box-plot with the mean,
median and outlier measures with the individual’s position marked for comparison with
others; noting that the perfect result would be all supervisors giving the same result for
each individual trainee. Indeed, such individually focused progress testing could be introduced for supervisor self-improvement to invoke the supervisors’ self-directed learning
in response to their results for each of the competency-indicators assessed.
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If feedback and benchmarking were insufficient to improve the measurement outcomes and ensure the equal quality of capabilities of supervisors, additional progress
testing could be required. This would be for training programmes that don’t achieve the
required dimensionality and scalar invariance between the subgroups. If a training programme supervisor group was able to demonstrate scalar level measurement invariance
then their assessments for the following year can be accepted as potentially valid. If the
group are not, then they would need to undergo the active progress testing process as
initially described above with progress test scenarios, and then have their assessment reevaluated the following year.
To ensure equity for the trainees while “rebuilding the floating boat” using the right
structural and functional elements, the number of assessments needed to achieve an
adequate percent variance attributable to the trainee and the NAMAR could be enforced
to motivate training programme directors to institute improvement and training practices. For example, if a training programme had to have 50 assessments for indicator
items for their assessments to be accepted then change is probably going to occur. As
identified above this would require the regulating body to institute a requirement of annual data-based accreditation evidence.
Although such changes demand resource investment, the importance of the learning
and achievement of the competencies is critical for the high stakes decision making given
the information is used for unconditional registration decisions. The facts that many of
the aspects of medical practitioner indicators of poor quality care found internationally
relate to the generic competencies expected of medical practitioners 76-79; that in general
the uptake of adequate supervisor supervision is not adequately achieved even by those
trainees who experienced the less than optimal supervision 35;38;41;46; and that the education and regulating bodies have identified the importance of such generic competency
characteristics and professional development in the medical profession 47-52, then one
could argue that the resource investment is long overdue.

Develop other ways of assessing areas of knowledge inadequately assessed
All of the competency-indicators identified in the most recent iteration of an assessment
proforma by the AMC 80;81 have practical, professional and clinical importance. Those
competency-indicators that were unable to be measured by the supervisors may be assessable by other means or by training supervisors to have a shared understanding of
those competencies. This again is another research and validation issue to be addressed.
Many of the competency-indicator items were unable to be reproducibly assessed within
the group of supervisors. Yet each of these knowledge areas is important to the function
of a competent medical practitioner, and they are knowledge-areas that relate to day-today practice. These areas of knowledge and understanding may be better assessed as
separate individual domains of competency. The development of alternative single domain assessments for competency-indicators which have not traditionally been
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evaluated by supervisors and ward-based assessors may better be suited as additional
ways of assessment.

Narrative feedback
A more active use of qualitative data such as the synthesis of direct oral feedback and
written comments can be integrated into an assessment programme. Indeed, narrative
comments continue to play a role in the assessment of medical trainees, and possibly an
increasing one 82. The narrative content of assessments may be both useful 82 and reliable
83
. Narrative comments can be identified to represent a unit of analysis that could provide
useful performance and feedback information 84;85.
The narrative content provided as feedback is not limited to pre-chosen items of an
assessment proforma. The assessor can introduce other concepts not covered in the
items which allow more flexibility for providing feedback. Assessors may also “choose to
concentrate on particular areas” but at the expense of others important areas 85. Narrative comment can also increase the specificity of the feedback and improve the precision
and detail of an assessment 83. Narrative comment can introduce both diagnostic and
prescriptive elements for the assessment and feedback 85: “prescriptive elements of comments arise when evaluators suggest developmental strategies to evaluate” for the
trainee. The number or amount of narrative units in a feedback message represents another important dimension of feedback for learning 85.
However, comments made by supervisors’ assessments may be influential in both a
positive or negative way 84. The results of some unpublished data suggest that there is
much redundancy in assessor narrative comments when using the assessment results as
the utility and validity measure. Most do not translate into any relation to assessment
results. The current literature also supports problems with narrative feedback often having no meaning 86-88. However, such commentary may be valid for other forms of information that are useful for trainee leaning and improvement. This is worth further investigation given the valence of assessor comments can have on future performance 84.

Limitations and weaknesses
The many limitations and weaknesses are detailed in the individual papers for each chapter. None of the limitations are “fatal” to the conduct of the research or prevents interpretation and implementation of the concepts and methodological approached. Although limitations are always of importance, the ones presented are important for ensuring improvement practice for the research itself is maintained and reviewed over time
and use of the methodology. Those limitations do not alter the overall interpretation of
the results and do not alter the main validity findings. Hence the summary practical plan
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detailed in the above sections should be considered a serious prospect for development
before considering implementation.

Conclusion
The conclusion for this dissertation is that changes to early training supervision are
needed to support the professional lifelong learning approach taken by so many competent clinicians. This has not been readily reinforced by early training experiences, at least
not in Australia. As an individual, a professional needs to be able to monitor and regulate
one’s own learning. The ability to monitor and regulate learning over a clinical lifespan,
to improve through self-regulated learning interventions, and to adequately self-reflect
on one’s competency are the hall-marks of clinical professionalism. Mostly this professional approach is the manifestation of individual self-regulated effort, and is ultimately
how a professional clinician responds to clinical needs especially in the presence of surrounding mediocrity. So for the author of this dissertation it was pleasing to find that
there is a science developing behind this understanding of the need to self-regulate learning at an early stage:
“Successful learning requires coordination of multiple cognitive processes that involve different networks in the brain. In order to coordinate these processes, an
individual needs to be able to monitor and regulate his own learning. The ability to
monitor and regulate learning changes over the life span and can be improved
through interventions 11.” National Academies of Sciences, Engineering, and Medicine 2018 89
This dissertation sets out in a small way a scientific approach that can be taken to moreeffectively help nascent medical practitioners develop professional and clinical self-regulation of their learning and professional growth early in their training, both as trainees
and as future supervisors.

11

Italics added; as an aside the full book alternates “her” and “his”.
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13

12

No outliers should be identified (this are need
further development opt identify other
common problems related to rater biases.

The methods used and described are only part of what would be required for full standard setting, standard monitoring, and feedback and benchmarking
Agreed predefined standards by the standard setting body, the educational bodies and relevant stakeholders.

The presence of multiple outliers (lenient and
stringent) assessors

Metric invariance for the new hypothesised
The required competency-domain model has
competency-domains with correlative alignment by scalar level measurement invariance.
the supervisors but required respecification.
The model fit does not require respecification
Equivocal scale measurement invariance.
and the required model set by the standard
setting body and stakeholders is only allowed.

To evaluate this standard, the
Measure the percent variance component
% trainee variance component – the higher
supervisors’ ability to reliably and
attributable to the trainee for the individual
the better.
validly identify the required
competency-indicator items with values from 5% to
competencies which trainees are
30% in the first group (Chapter 2) and values in the
expected to achieve and do so to a second group with different competency items
required standard is measured.
from not able to be measured reliably (zero trainee
The achievement standard is set by variance) to 24% Chapter 5).
the training body and/or the standard NAMAR again varied in a similar manner from 7 to NAMAR – the lower the better.
setting body. The methodology is
70, and from 13 to unable to be calculated in the
available to do this as exemplified in second group.
the empirical studies of this
Poor model fit indices for the original modified
Excellent CFA model fit indexes for the
dissertation.
competency domains required by the certification required model (or the introduction of the
.
bodies on in both groups.
newly identified)
Good model fit indices for new hypothesised
Agreed competency-domains and indicator
competency-domains with correlative alignment by items as the agreed requirements of learning
the supervisors
by trainees.

8.1.1 The education provider
ensures that there is an effective
system of clinical supervision to
support trainees to achieve the
program and graduate outcomes.

Example from the empirical studies indicating that Proposed specific measurements with
there is non-compliance for the standards
potential to improve standard compliance 13

Additional information for quality
improvement process
(necessary but not fully sufficient 12)

8.1 Supervisory and educational
roles - Accreditation standards

Appendix Table 7.1 Standard 8.1 Supervisory and Educational Roles from AMC accreditation standards aligned with information compliance evaluation

Appendix Table 7.1

Chapter 7

8.1.2 The education provider has
defined the responsibilities of
hospital and community
practitioners who contribute to
the delivery of the specialist
medical program and the
responsibilities of the education
provider to these practitioners. It
(the education provider)
communicates its program and
graduate outcomes to these
practitioners.

The number of outliers demonstrated and the poor % trainee variance component – the higher
reliability measures of the assessment results
the better.
indicate that there is poor shared understanding by NAMAR – the lower the better.
the supervisors about how the competencyNo outliers should be identified (this are need
domains and the indicator-items are to be scaled. further development opt identify other
This is supported by equivocal scalar measurement common problems related to rater biases.
invariance.
Achieve unequivocal scalar measurement
invariance for all subgroups.

Again the methodology is available to The presence of metric invariance indicates that Defined required competency-domain and
contribute to fulfilling this standard as there is shared understanding about the alternative indicator items by the standard setting body,
exemplified in the empirical studies of competency-domains identified by the supervisors, the training programme providers and other
this dissertation. This standard
but not for the required competency-domains and stakeholders.
requires process evaluation but if the their indicator-items
processes are effective then the
primary outcomes are more likely to There is shared understanding of competencyThe model fit does not require respecification
be fulfilled. If the measures for
domains and indicator items when those that the and the required model set by the standard
Standard 8.1.1 are met then it’s likely supervisors appear to assess as indicated by the
setting body and stakeholders is only allowed.
the processes are in place and
presence of metric invariance.
Metric and scalar measurement invariance to
working.
be fully achieved

The presence of a probable confounding problem CMV was estimated using the correlation
such as CMV, but confounders are not enough to marker method and the ULMC approach.
explain all the observed relationships
However an a priori marker variable should be
considered in the future to evaluate the
presence of common method bias.
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8.1.3 The education provider
selects supervisors who have
demonstrated appropriate
capability for this role. It facilitates
the training, support and
professional development of
supervisors.
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The presence of the problems persisting for over a
decade indicates that facilitation of the training,
support and professional development of
supervisors is not occurring or is ineffective.

As exemplified in the empirical studiesThe poor reliability, the presence of outliers, and After training:
for this dissertation, this is rarely donethe inability to assess required competencies
Reliability indices to measure an improved
in a meaningful way to achieve quality indicates that there is a problem in the ability of
understanding of scaling of competency
assessments despite the stated
supervisors to adequately assess the required
domains.
requirement.
competency domains although there is evidence No outliers.
Again, the outcome of training
that supervisors have understanding of certain
Required competency-domains and
methods can be measured by the
competency-domains and competency-indicators competency-indicators are measured (not
approach taken in this dissertation
that are of value to the trainees, they happen to be alternative competency constructs).
including the potential for
different to what the educational and standard
Scalar level of measurement invariance.
randomised comparisons.
setting bodies require.
Reduction in the CMV effect.

However if they are not and there are The comparison of the outlier group and the non- CQI process to establish the required
issues about the primary outcomes or outlier groups demonstrated that the model fit still standards for both accreditation and
trainees then attempts at
held - Equal form for the 3 Factor respecified
educational achievements.
improvement of supervisors’
hypothesised model comparing nested groups of The ability to undertake measurement
capabilities can also be measured,
outlier supervisors (n = 81) and no outlier
invariance assessment for nested subgroups
setting the scene for a CQI process to supervisors (n = 134)
means that the outlier group can undergo
establish the required standards for Equal factor loadings and intercepts for the 3
training interventions and the use of CFA with
both accreditation and educational Factor respecified hypothesised model comparing model fit and measurement invariance
achievements.
nested groups of outlier supervisors and no outlier evaluation can be used as an outcome
This also allows the determination of supervisors
measure to shared understanding is
appropriate calibrations is achieved. The reliability however was very poor with the
maintained, and then use the reliability
overall group and improved when the outliers were measures and the SPC monitoring to
removed.
demonstrate whether the intervention was
effective.

Chapter 7

8.1.6 The education provider
routinely evaluates the
effectiveness of its assessors
including feedback from trainees.

The routine aspect of this standard is No evidence of compliance to this standard exists. Feedback to the groups:
a critical requirement that the
Evidence exists that the assessors as a group do not Benchmarked reliability indices to measure
methodology detailed in the
have the appropriate capabilities for the role.
the understanding of scaling of competency
dissertation is positioned to be easily The empirical studies for this thesis are the
domains.
applied using routinely collected data. evaluation that should have been routinely
Benchmarked outliers.
performed.
Benchmark if the required competencyNo evidence of routine evaluation was provided to domains and competency-indicators are
improve the assessments given the decline in the measured (not alternative competency
reliability and ability as a group to assess the
constructs).
required competencies as described for Standards Scalar level of measurement invariance.
8.1.1 to 8.1.4.
Reduction in the CMV effect.

Use SPC methods to monitor individual
outliers.
Develop methods to evaluate assessor
capabilities based on individual performance.

Although this standard will also
Feedback from trainee not formally evaluated.
All forms of feedback and formative
require feedback mechanisms from Measuring supervisor effectiveness would include assessment needs the same criteria of
the trainees, effectiveness of the
the ability to provide feedback and formative
reliability and construct validity as do
quality of the assessment results can assessment during the term prior to the summative summative assessments.
also be part of the evaluation process, assessment.
The quality of formative assessments need the
and especially as feedback to the
However if the summative assessments provide
same evaluation as the proposed specific
trainees for additional commentary. unreliable assessments and different competency measurements with the aim of improving
constructs than required by the educator and
standards compliance (as defined by agreed
standard setting body then it is unlikely the
standards by the standard setting body, the
feedback will be any different.
educational bodies and relevant
stakeholders).

8.1.5 The education provider
Again, although this standard will
No evidence of compliance to this standard exists.
selects assessors in written, oral require other mechanisms
Evidence exists that the assessors selected as a
and performance-based
documenting the training, support
group do not have the appropriate capabilities for
assessments who have
and professional development, the the role.
demonstrated appropriate
effectiveness of the quality of the
No evidence of training and professional support
capabilities for this role. It provides assessment results can additionally be and development was provided to improve the
training, support and professional part of the evaluation process.
assessments given the decline in the reliability and
development opportunities
ability as a group to assess the required
relevant to this educational role.
competencies as described for Standards 8.1.1 to
8.1.4.

8.1.4 The education provider
routinely evaluates supervisor
effectiveness including feedback
from trainees.
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Summary
Chapter 1
Supervisor suitability, competency and qualification to identify the clinical and professional achievement of medical trainees to a required standard logically would seem an
essential requirement for training and assessment programmes. Indeed, a sine qua non
for running a safe and effective healthcare system in which training of new practitioners
is an integral part. Any assessor providing educational instruction to medical trainees
would be expected to measure with a high degree of precision and accuracy the level of
achievement for the required learning exhibited by medical trainees. However this expectation is not supported by much of the assessment literature related to judgementbased assessments. This is of concern given the evidence of a substantive amount of poor
and unsafe healthcare as a global problem, in economically developed countries and
more frequently in and low-and middle-income countries. The consequences of errors,
failures to use effective care, overuse of ineffective care, and disregard of peoples’ values
and resources for people’s health are substantial. The associated waste of equipment,
supplies, time, and human spirit causes unacceptable economic costs to healthcare systems. Each and every one of these well-documented failures is directly related to medical
practitioners’ clinical and professional competencies and medical and scientific
knowledge, whether medical error, and overuse or underuse of evidence-based quality
medical practice. Concerns about patient safety, geographic variation in patient care unrelated to medical science, and poor "customer service" for patients, have coalesced to
call into question the competence of physicians and health care systems in general. The
adequacy of the training and assessment of medical trainees to prepare them as clinicians
for immediate and long-term clinical practice must be questioned. Even though some
evidence exists that enhanced clinical supervision and assessment of trainees can be associated with improved patient-related and education-related outcomes, this evidence is
not substantial. This state of affairs is understandable if the training provided is of variable
quality and the measurement of the achievement of required clinical and professional
standards is inaccurate and imprecise. As a result adequately measuring the quality of an
improvement intervention and the outcomes of any educational interventions will be
doomed to a continuation of the current state of uncertainty. A scientific approach is
needed to overcome instructional and assessment problems arising from such issues as
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using assessments without observing trainees in real-life situations, not incorporating
multiple perspectives such as peers and patients, and not using measures that are sufficiently accurate to predict clinical outcomes. The minimisation of incompetence in clinical
practice is an important simple universal goal for clinical assessment methods. A critical
requirement for a scientific approach requires reproducible methodology and measurement. To achieve a scientific level of supervised training and assessment in the workplace,
the presence of the required competencies for clinical and professional practice must not
only be precisely and accurately measured, but also measurable. The simple aims for the
work of this dissertation was firstly to evaluate the need for disruptive change of the status quo using a critical appraisal of the validity of supervisor assessments with the results
positioned in the context of current knowledge and using fine-grained reliability and validity measures. A second aim was to attempt innovative change with an exploratory approach to validity evidence as a quality improvement method combined with traditional
quality control improvement process. The work for the dissertation that constitutes academic complexity is firstly simplification and normalisation of what are considered complex statistical and data-analytic methods. Secondly to use those methods as outcomes,
not just as validity evidence but also as quality indicators of judgement-based assessments, and quality indicators of assessors’ ability to make those judgements of competence in others.

Chapter 2
In line with the first aim, this chapter critically evaluates the reliability of supervisor assessments and compares that reliability with a commonly used workplace-based assessment, namely the mini-Clinical Evaluation Exercise (mini-CEX). The supervisor assessment
is summative and the research uses empirical data. The mini-CEX is meant to be formative
and instructional, and the method used to evaluate the reliability were results of an unpublished systematic review. The design and method for the empirical reliability study
was a trainee nested in the assessment using Generalisability theory. Score variation attributable to the trainee for each competency-item assessed was estimated by the minimum-norm quadratic unbiased estimator, and that score variance was used to estimate
the number of assessments for an adequate reliability value of 0.80. The same measures
were obtained from all available reliability studies for the mini-Clinical Evaluation Exercise
(mini-CEX) at the time. The trainee score variance for each competency item varied between 5.4% for emergency skills to 37.2% for communication skills, with an average for
all competency items of 19.3%; the “Overall rating” competency item was 27.6%. These
variance components translated into 70, 7, 17 and 10 assessments needed for a reliability
of 0.80, respectively. Importantly, the measures were slightly better than those observed
for the mini-CEX for the similar competencies assessed and published in the literature.
Supervisors’ assessments may be more reliable than assessments using the min-CEX
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when comparing trainee score variation and sample number requirements. Both types of
assessment provide results that have a substantive level of unreliability. The results support the statement that despite the wide-spread use of rater-based judgements of clinical
competence, they are context sensitive and vary between individuals and institutions. To
deal adequately with rater-judgement unreliability, evaluating the reliability of workplace
rater-based assessments in the local context remains essential. Disruptive change of the
status quo is that supervisors’ assessments could be used as part of a trainee workplace
assessment programme providing sufficient numbers of assessment are performed. All
training programmes using supervisors’ assessments need to provide that information to
the accrediting body as routine evidence of adequacy of the assessment process.

Chapter 3
The study for this Chapter measured construct validity of supervisor competency assessment results, measured the reliability of the identified competency-domain constructs,
measured construct stability across subgroups and positioned the results in the established literature. The construct identification was by traditional exploratory factor analysis (EFA), reliability was established using Generalisability theory, factor stability was explored by EFA of subgroups, and the results were compared with previous similar studies.
The unit of analysis was each assessment and included all available assessments. Reliability of identified constructs was by variance components analysis of the summed trainee
scores for each factor and the number of assessments needed to provide an acceptably
reliable assessment using the construct; the reliability unit of analysis was the score for
each factor for every assessment. The EFA resulted in 3 factors accounting for only 68 %
of the variance with factor 1 having features of a ‘‘general professional job performance’’
competency; factor 2 ‘‘clinical skills’’; and factor 3 ‘‘professional and personal’’ competency. The trainee score variance for the summed competency item scores for the factors
were 40.4%, 27.4% and 22.9% respectively. The number of assessments needed to give
a reliability coefficient of 0.80 was 6, 11 and 13 respectively. The factor structure remained stable for subgroups of female trainees, Australian graduate trainees, the central
hospital, surgeons, staff-specialists, visiting medical officers and the separation into single
years. Physicians as supervisors, male trainees, and male supervisors all had a different
grouping of items within 3 factors which all had different dimensionality of the competency items indicating the presence of factor instability in some subgroups. Supervisors
as a group are assessing a dominant construct domain which is similar to a general professional job performance competency. However, factor structure instability between
different populations of supervisors and trainees means that subpopulations of trainees
may be assessed differently to others. A lack of competency criterion standardisation of
supervisors’ assessments brings into question the validity of this assessment method as
currently used. These results provide further evidence for a need for improvement and
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change, particularly since the results reflect decades of similar historical concern, as history seems to be continually repeating itself but not invoking improvement.

Chapter 4
The information resulting from the previous Chapters have confirmed the variability in
the alignment of competency constructs between different assessors and different contexts. Different supervisors and assessors often have contrasting views about competency constructs as well as other latent behavioural constructs, making assessment results very unreliable for what are high stakes assessments. Construct alignment, accuracy
and precision for the interpretation of the competency constructs used for trainee assessment is essential so further examination of the validity evidence was undertaken using an evaluation of the internal validity and reliability of competency constructs from
supervisors’ end-of-term summative assessments for prevocational medical trainees. CFA
was used to evaluate assessment internal construct validity. A previously identified hypothesised competency construct model was tested, with comparisons between competing models of potential competency constructs including the competency construct
model of the original assessment. The hypothesised competency constructs of “general
professional job performance”, “clinical skills” and “professional abilities” provided a
good model-fit to the data, and a better fit than all alternative models. Model fit indices
were χ2/df = 2.8; RMSEA = 0.073 (CI
-0.088);
0.057
CFI = 0.93; TLI = 0.95; SRMR = 0.039;
WRMR = 0.93; AIC = 3879; and BIC = 4018). The optimal model had adequate measurement invariance with nested analysis of important population subgroups supporting the
presence of full metric invariance. Reliability estimates for the competency construct
“general professional job performance” indicated a resource efficient and reliable assessment for such a construct (6 assessments for an R > 0.80). Item homogeneity was good
(Cronbach’s alpha = 0.899). Other competency constructs are resource intensive requiring ≥11 assessments for a reliable assessment score.
Although internal validity and reliability of clinical competence assessments using judgement-based methods are acceptable when actual competency constructs used by assessors are adequately identified.
However, still supervisors are constructing their own individual assessment process independent of others’ understanding and what regulatory bodies require, resulting in major
unreliability and also common method bias, making the assessment results meaningless.

Chapter 5
The validity of assessment results can be considered a measure of the quality of that assessment process. For judgement-based assessments, construct validity is also a potential measure of assessor ability to provide valid and reliable feedback. The quality of high-
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stakes supervisor assessments can be identified by the how well they measure competency-constructs, and if those constructs align with what certification-bodies require. This
can be achieved by measuring construct validity using CFA and Generalisability theory
reliability analyses. Competency construct validity can be reframed as measures of supervisors’ capability of adequately assessing trainees’ competency by providing the early collection of internal validity evidence for feedback about assessor accuracy in a timeframe
and sample size considered minimally sufficient for CFA and to be used for CQI early in a
training program year cycle. The use of validity evidence to compare the ability of groups
to measure competency constructs was explored by evaluating measurement invariance
for binary group comparison. Measurement invariance was analysed to determine if the
same variable is being measured across different groups. Reliability was measured using
Generalisability Theory with a one facet model for a nested unbalanced data-set to measure score-variance for trainees and the number of assessments for a minimum adequate
reliability (NAMAR) value ≥0.80 for each competency
-indicator. A minimum number of
assessments for CFA and short time-frame were used to explore the possible use in CQI.
CFA established that a respecified hypothesised three-competency-domain structure and
not the original four-competency-domain structure or initial hypothesised structure provided the best model fit (χ2,p-value,df=29.298,0.2091,24; χ2/df=1.22; TLI=0.
CFI=0.996; RMSEA=0.032(95%CI 0.000 to 0.067); SRMR=0.019). Competency-item reliability was very poor, all having <20% variance due to trainees, and NAMAR values from
13 to >100. Some were unable to be measured at all. Dimensional equal-form invariance
and metric invariance was demonstrated within gender subgroups; equivocal scalar invariance was demonstrated. All were measurable with the sample size in a time frame
suitable for CQI for supervisors. Assessment methods proposed by certification-bodies
were again not validated. Routine measurement of assessment results’ validity can be
achieved in a time frame acceptable for CQI and group comparison.

Chapter 6
Variation in judgement-based rating will impact on both learning and decision making for
high-stake assessments. Sources of variation need to be identifiable, monitored, fed back,
and benchmarked to maintain the quality of the assessors’ ratings. However, whether
supervisors are capable of assessing the expected competencies is rarely if ever measured. This study explores applying validity evidence using confirmatory factor analysis
(CFA) and reliability using the number of assessments for a minimum adequate reliability
of R=0.80 (NAMAR), combined with statistical process control (SPC) to examine bias for
individual supervisor assessments (stringent/lenient assessors), and if present to measure the effect on validity and reliability. The impact of bias was measured by comparing
construct validity of nested supervisor groups using measurement invariance; reliability
between the whole group and the groups with bias supervisors removed. The groups
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were those with and without a tendency to leniency/stringency. SPC application identified outlier assessments (n = 81) and non-outlier assessments (n = 134) as the groups for
analysis. Equal form measurement invariance comparing nested model fit of the assessments of outlier supervisors with non-outliers showed an acceptable model fit indicating
they are measuring the same competency-domain constructs (χ2=66.351,
p=0.0163;
χ2/df=
1.51; df=44; TLI=0.973; CFI=0.983; RMSEA=0.069 (95%CI=0.030-0.101);
SRMR=0.083). Equal factor loadings and intercepts for the model had acceptable model
fit indices without degradation as indicated by a non-significant difference in the χ2 with
the equal form model (χ2=
80.898, p=0.0204; χ2/df=
1.42; df=57; χ2diff=14.547, p>0.5 for
Δdf=13; TLI=0.973; CFI=0.983; RMSEA=0.069 (95%CI=0.030-0.101); SRMR=0.083). The
reliability was very poor for the competency-indicators but significantly improved with
the removal of outlier assessments. The median of a summed NAMAR=60 for the whole
group and NAMAR=13 with biased assessors removed (Wilcoxon signed rank test
p=0.002). Combining SPC with current methods of CFA is sufficiently fine-grained to
measure the impact of bias in assessment results. The methods were able to document
equivalence in construct validity of the two groups and significant difference in reliability
evidence between those groups using a minimum sample size for the methods. The approach is suitable for providing outcome measures for quality improvement interventions.

Chapter 7
This dissertation starkly illustrates the pervasive and persisting presence of major issues
affecting the validity and reliability of supervisor assessment results. Results used for
high-stakes decisions. Decades of concerns from past work, now further supported by
more fine-grained methodology, indicate the need to address the quality of preparation,
implementation and conduct of supervisors’ assessments to ensure fairness for trainees
and for society. The evidence supports the need for a constructive reappraisal of the status quo of supervisor assessments. Despite the persistence of poor quality assessments,
each of the adverse observations can be remediated and better outcomes potentially
realized by implementing true evaluative examination of the quality of assessment results
and processes. Creating change using validity evidence as a quality improvement method
combined with traditional improvement processes appears to be a justifiable process
worthy of further exploration during implementation. Firstly, potential improvements in
the current system are possible. The accreditation system for training programmes can
be made effective simply by implementing current standards, making sure they are implemented using monitoring with feedback and benchmarking. A clear need exists for
strict application of standards and regular measurement of compliance using the same
or similar methods as detailed in this dissertation. Additionally, the required competencies that medical practitioners are expected to possess by credentialing bodies, and
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expressed by the competency-domains and competency-domain indicators, are problematic. Their assessment could be enforced as one option which will require the training
of supervisors to adequately assess all the indicator competencies. Developing the competency-domains identified in this dissertation, ones that supervisors can potentially assess adequately, is a better option. Secondly new directions for future research into assessment strategies are crucial next steps. Use of supervisor assessments for measuring
the quality of assessors’ capabilities to assess competency constructs is clearly achievable. For the supervisor population providing the assessment results for this dissertation,
the evidence for gaps for their ability to assess many competency areas is clear. This can
be measured routinely and provides opportunities to identify learning methods to improve supervisors’ abilities and develop alternative ways of assessing many of the expected competencies.
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Samenvatting
Hoofdstuk 1
Je zou denken dat een logisch en essentieel vereiste van onderwijs- en toetsprogramma’s
is dat supervisors voldoende geschikt, bekwaam en gekwalificeerd zijn om de klinische en
professionele prestaties van aiossen tegen een vereiste standaard te beoordelen. Sterker
nog, een absolute voorwaarde voor het draaien van een veilig en effectief zorgstelsel
waarbinnen het opleiden van nieuwe artsen een wezenlijk onderdeel vormt. Van elke
beoordelaar die onderwijs verzorgt voor aiossen zou men verwachten dat hij/zij met een
hoge mate van precisie en nauwkeurigheid het prestatieniveau t.a.v. de te leren
stof/vaardigheden dat aiossen vertonen, meten. Deze verwachting wordt echter niet ondersteund door een groot deel van de literatuur over toetsing, en meer specifiek over
toetsen die op oordeelsvorming berust zijn. Dit baart zorgen gezien het bewijs dat er ligt
dat een aanzienlijk deel van de gezondheidszorg gebrekkig en onveilig is, een wereldwijd
probleem dat we zien in ontwikkelde landen en vaker in landen met een laag en middelhoog inkomen. De gevolgen van fouten, het nalaten om effectieve zorg te gebruiken,
overmatig gebruik van ondoelmatige zorg en het niet in acht nemen van mensen hun
waarden en middelen voor hun gezondheid zijn niet gering. De daaraan gekoppelde verspilling van apparatuur, voorzieningen, tijd en menselijke geest brengt onaanvaardbare
economische kosten met zich mee voor zorgstelsels. Elk van deze goed gedocumenteerde fouten houdt rechtstreeks verband met de klinische en professionele competenties van artsen, alsmede hun medische en wetenschappelijke kennis, of het nu gaat om
een medische fout of overmatig gebruik dan wel onderbenutting van beproefde medische kwaliteitspraktijken. Zorgen over patiëntveiligheid, geografische verschillen in patientenzorg die geen verband houden met de medische wetenschap en een gebrekkige
“klantenservice” voor patiënten hebben zich gebundeld om samen de bekwaamheid van
artsen en zorgstelsels in het algemeen in twijfel te trekken. De toereikendheid van de
manier waarop aiossen worden opgeleid en getoetst teneinde hen als arts klaar te stomen voor de onmiddellijke en langdurige klinische praktijk moet in twijfel worden getrokken. Hoewel er enig bewijs bestaat dat meer klinische supervisie en toetsing van aiossen
in verband kan worden gebracht met betere patiënt- en onderwijsresultaten, is dit bewijs
niet omvangrijk. Deze stand van zaken is begrijpelijk als het geboden onderwijs van wisselende kwaliteit is en metingen van de mate waarin aan de vereiste klinische en
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professionele eindtermen is voldaan onnauwkeurig en niet precies zijn. Dientengevolge
zullen metingen van de kwaliteit van een verbeteringsinterventie alsook de resultaten
van elke onderwijsinterventie gedoemd zijn de huidige staat van onzekerheid voort te
zetten. Er is een wetenschappelijke benadering nodig om de onderwijs- en toetsproblemen te boven te komen die het gevolg zijn van zaken zoals het gebruik van toetsen zonder
ook aiossen in de praktijk te observeren, het niet opnemen van meerdere perspectieven
van bijvoorbeeld mede-aiossen en patiënten en het geen gebruik maken van meetmethoden waarmee klinische resultaten voldoende nauwkeurig kunnen worden voorspeld.
Het minimaliseren van onbekwaamheid in de klinische praktijk is een belangrijk en eenvoudig universeel doel van klinische toetsmethoden. Een belangrijke vereiste van een
wetenschappelijke benadering is dat methodiek en meting reproduceerbaar zijn. Om het
opleiden en beoordelen door supervisors op de werkplek op een wetenschappelijk niveau
te krijgen, moet de aanwezigheid van de voor de klinische en professionele praktijk vereiste competenties niet alleen precies en nauwkeurig gemeten worden, maar ook meetbaar zijn. De eenvoudige doelen van het werk voor dit proefschrift waren in de eerste
plaats om na te gaan of er behoefte bestaat aan een ingrijpende verandering van de status quo door de validiteit van supervisorbeoordelingen aan een kritische analyse te onderwerpen, waarbij de resultaten in de context van huidige kennis werden gepositioneerd en gebruik werd gemaakt van verfijnde betrouwbaarheids- en validiteitsmaten.
Een tweede doel was om te proberen innovatieve verandering teweeg te brengen met
een exploratieve benadering van validiteitsbewijs bedoeld om in combinatie met traditionele kwaliteitszorgprocessen de kwaliteit te verbeteren. Het werk voor het proefschrift
dat staat voor academische complexiteit is in de eerste plaats een vereenvoudiging en
standaardisering van wat beschouwd wordt als complexe statistische en data-analytische
methoden. In de tweede plaats gebruikt het deze methoden als uitkomstmaten, niet alleen als validiteitsbewijs, maar ook als kwaliteitsindicatoren voor toetsen die op oordeelsvorming berust zijn en als kwaliteitsindicatoren voor de mate waarin beoordelaars in
staat zijn om tot dergelijke oordelen over andermans bekwaamheid te komen.

Hoofdstuk 2
Conform het eerste doel voert dit hoofdstuk een kritische evaluatie uit van de betrouwbaarheid van supervisorbeoordelingen en vergelijkt het die betrouwbaarheid met een
algemeen gebruikte werkplekbeoordeling, namelijk de Korte Praktijk Beoordeling (KPB).
De supervisorbeoordeling is summatief en het onderzoek maakt gebruik van empirische
gegevens. De KPB daarentegen is bedoeld om formatief en leerzaam te zijn, en de methode die we gebruikten om de betrouwbaarheid te beoordelen waren de resultaten van
een ongepubliceerde systematische review. Het ontwerp en de methode die we voor
deze empirische betrouwbaarheidsstudie gebruikten was een binnen de beoordeling geneste aios met behulp van generaliseerbaarheidstheorie. De aan de aios toe te schrijven
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variatie in scores voor elk competentie-item dat werd beoordeeld werd geschat door de
minimum-norm quadratic unbiased estimator (MINQUE) en die scorevariantie werd gebruikt voor de schatting van het aantal beoordelingen dat vereist is om tot een goede
betrouwbaarheidswaarde van 0,80 te komen. Voor de Korte Praktijk Beoordeling (KPB)
verkregen we dezelfde maten door deze uit alle betrouwbaarheidsstudies die op dat moment beschikbaar waren te destilleren. De variantie in scores van aiossen voor elk competentie-item varieerde van 5,4% voor SEH-vaardigheden tot 37,2% voor communicatievaardigheden, met een gemiddelde over alle competentie-items van 19,3%. Voor het
competentie-item “globale beoordeling” bedroeg deze 27,6%. Deze variantiecomponenten vertaalden zich naar respectievelijk 70, 7, 17 en 10 beoordelingen die nodig waren
voor een betrouwbaarheid van 0,80. Opvallend was dat de metingen iets beter uit de bus
kwamen dan bij de KPB het geval was voor vergelijkbare competenties die getoetst en in
de literatuur gepubliceerd waren. Supervisorbeoordelingen kunnen betrouwbaarder zijn
dan beoordelingen op basis van KPB’s als we de desbetreffende aan aiossen toe te schrijven scorevarianties en vereiste steekproefgrootten vergelijken. Beide beoordelingsvormen geven resultaten die een aanzienlijke onbetrouwbaarheidsgraad hebben. De resultaten staven de stelling dat ondanks het wijdverbreide gebruik ervan, beoordelaarsafhankelijke beoordelingen van klinische competentie contextgevoelig zijn en van persoon tot
persoon en van instelling tot instelling variëren. Om op de juiste manier met deze onbetrouwbaarheid van beoordelaarsbeoordelingen om te gaan, blijft het van essentieel belang dat de betrouwbaarheid van beoordelaarsafhankelijke toetsen op de werkplek in de
lokale context onderzocht wordt. Een ingrijpende verandering van de status quo is dat
supervisorbeoordelingen gebruikt zouden kunnen worden als onderdeel van het werkplekbeoordelingsprogramma van aiossen op voorwaarde dat er voldoende beoordelingen plaatsvinden. Alle opleidingsprogramma’s die van supervisorbeoordelingen gebruik
maken moeten deze informatie standaard aan het accreditatieorgaan verstrekken als bewijs dat hun beoordelingsproces op orde is.

Hoofdstuk 3
De studie voor dit hoofdstuk mat de constructvaliditeit van de resultaten van competentiebeoordelingen door supervisors, mat de betrouwbaarheid van de onderscheiden competentiedomeinconstructen, mat de stabiliteit van constructen over subgroepen heen en
positioneerde de resultaten in de erkende literatuur. Constructen werden gedestilleerd
met behulp van exploratieve factoranalyse (EFA), de betrouwbaarheid werd vastgesteld
door middel van generaliseerbaarheidstheorie, de stabiliteit van factoren werd onderzocht door een EFA uit te voeren van subgroepen en de resultaten werden vergeleken
met eerdere soortgelijke studies. De eenheid van analyse was elke beoordeling en omvatte alle beschikbare beoordelingen. De betrouwbaarheid van de onderscheiden constructen werd bepaald door een variantiecomponentenanalyse uit te voeren van de
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somscores van aiossen per factor en het aantal beoordelingen dat nodig was om bij gebruik van het construct tot een voldoende betrouwbare beoordeling te komen; de betrouwbaarheidseenheid van analyse was de score per factor voor elke beoordeling. De
EFA resulteerde in 3 factoren die slechts 68% van de variantie verklaarden, waarbij factor
1 in de buurt kwam van een “algemeen professioneel functioneren”-competentie, factor
2 een “klinische vaardigheden”-competentie en factor 3 een “professioneel en persoonlijk”-competentie. De variantie in de somscores van aiossen voor de competentie-items
per factor bedroeg respectievelijk 40,4%, 27,4% en 22,9%. Het aantal beoordelingen dat
nodig was om tot een betrouwbaarheidscoëfficiënt van 0,80 te komen was respectievelijk
6, 11 en 13. De factoroplossing bleef stabiel voor subgroepen van vrouwelijke aiossen,
Australische aiossen, het centrale ziekenhuis, chirurgen, gespecialiseerde stafleden, gastartsen en de opsplitsing in afzonderlijke jaren. Artsen als supervisors, mannelijke aiossen
en mannelijke supervisors hadden allemaal een verschillende itemgroepering binnen 3
factoren die allemaal een andere competentie-itemdimensionaliteit hadden, wat duidde
op de aanwezigheid van factorinstabiliteit binnen enkele subgroepen. Supervisors beoordelen als groep een dominant constructdomein dat vergelijkbaar is met een algemeenprofessioneel-functioneren-competentie. Het feit dat de factoroplossing niet stabiel
bleef over verschillende populaties supervisors en aiossen heen betekent echter dat subpopulaties aiossen mogelijk anders beoordeeld worden dan andere. Een gebrek aan standaardisering van competentiecriteria voor supervisorbeoordelingen doet twijfel rijzen
over de validiteit van deze beoordelingsmethode zoals die momenteel gebruikt wordt.
Deze resultaten leveren verder bewijs dat er behoefte bestaat aan verbetering en verandering, vooral omdat de resultaten tientallen jaren van vergelijkbare historische bezorgdheid weerspiegelen, aangezien de geschiedenis zich steeds maar lijkt te herhalen zonder
verbetering teweeg te brengen.

Hoofdstuk 4
De uit de voorgaande hoofdstukken verkregen informatie bevestigde dat de overeenstemming in de competentieconstructen tussen verschillende beoordelaars en contexten
aan variabiliteit onderhevig is. Verschillende supervisors en beoordelaars hebben vaak
tegenstrijdige opvattingen van zowel competentieconstructen als andere latente gedragsconstructen, wat beoordelingsresultaten erg onbetrouwbaar maakt voor high-stakes beoordelingen. Overeenstemming over de constructen, nauwkeurigheid en precisie
met betrekking tot hoe de competentieconstructen die voor de beoordeling van aiossen
worden gebruikt geïnterpreteerd moeten worden is van essentieel belang. Om die reden
verrichtten we nader onderzoek van het validiteitsbewijs door de interne validiteit en
betrouwbaarheid van de competentieconstructen uit de summatieve, eindesemester supervisorbeoordelingen van aiossen na te gaan. Met behulp van confirmatieve factoranalyse (CFA) onderzochten we de interne constructvaliditeit van de beoordelingen. We
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toetsten een verondersteld competentieconstructmodel dat we eerder gedistilleerd hadden en vergeleken deze met tegengestelde modellen van potentiële competentieconstructen, waaronder het competentieconstructmodel van de oorspronkelijke beoordeling. Het veronderstelde model met de competentieconstructen “algemeen professioneel functioneren”, “klinische vaardigheden” en “professioneel handelen” bleek goed bij
de gegevens te passen (good model fit), beter dan alle andere modellen. Model-fit-indices waren χ2/df = 2,8; RMSEA = 0,073 (CI 0,057-0,088); CFI = 0,93; TLI = 0,95; SRMR =
0,039; WRMR = 0,93; AIC = 3879; en BIC = 4018). Het optimale model had voldoende
meetinvariantie met geneste analyse van belangrijke populatiesubgroepen, wat de aanwezigheid van volledige metrische invariantie ondersteunde. Betrouwbaarheidsschattingen voor het competentieconstruct “algemeen professioneel functioneren” wezen op
een middelenefficiënte en betrouwbare beoordeling van een dergelijk construct (6 beoordelingen voor een R > 0,80). Itemhomogeniteit was goed (Cronbachs alpha = 0,899).
Andere competentieconstructen zijn middelenintensief, daar er ≥11 beoordelingen nodig
waren voor een betrouwbare toetsscore. Desalniettemin zijn de interne validiteit en betrouwbaarheid van op oordeelsvorming beruste beoordelingen van klinische competentie aanvaardbaar, mits de competentieconstructen die beoordelaars daadwerkelijk gebruiken op de juiste manier inzichtelijk worden gemaakt. Supervisors creëren echter nog
steeds hun eigen individuele beoordelingsproces, onafhankelijk van de invulling die anderen eraan geven en wat regelgevende organen vereisen. Dit werkt een grote mate van
onbetrouwbaarheid en common method bias in de hand, waardoor de beoordelingsresultaten geen enkele waarde meer hebben.

Hoofdstuk 5
De validiteit van beoordelingsresultaten kan men zien als maatstaf voor de kwaliteit van
het desbetreffende beoordelingsproces. Voor op oordeelsvorming beruste toetsen geldt
bovendien dat constructvaliditeit een mogelijke maatstaf is voor de mate waarin beoordelaars in staat zijn om valide en betrouwbare feedback te geven. De kwaliteit van highstakes supervisorbeoordelingen kan worden vastgesteld door te onderzoeken hoe goed
zij competentieconstructen meten en of die constructen overeenkomen met hetgeen
certificeringsinstanties vereisen. Men kan dit doen door de constructvaliditeit te meten
met behulp van CFA en op generaliseerbaarheidstheorie gebaseerde betrouwbaarheidsanalyses. De validiteit van competentieconstructen kan geherdefinieerd worden als een
maatstaf voor de mate waarin supervisors in staat zijn om aiossen adequaat op hun competenties te beoordelen. Deze validiteit kan namelijk al vroeg in het proces bewijs van
interne validiteit verschaffen dat inzicht biedt in de nauwkeurigheid van beoordelaars
binnen de tijd en met een steekproefgrootte die als minimaal voldoende wordt geacht
voor het verrichten van een CFA. De verkregen inzichten dienen al vroeg in de jaarcyclus
van
het
opleidingsprogramma
te
worden
gebruikt
voor
continue
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kwaliteitsverbeteringsdoeleinden. Het gebruik van validiteitsbewijs voor het vergelijken
van groepen wat betreft de mate waarin zij in staat zijn competentieconstructen te meten werd onderzocht door de meetinvariantie te bepalen zodat we een binaire groepsvergelijking konden doen. We analyseerden de meetinvariantie om te kunnen bepalen of
in de verschillende groepen steeds dezelfde variabele werd gemeten. De betrouwbaarheid werd gemeten aan de hand van generaliseerbaarheidstheorie met een één-factormodel voor een geneste ongebalanceerde dataset teneinde de scorevariantie voor aiossen te meten, alsmede het aantal beoordelingen dat vereist was om tot een minimaal
aanvaardbare betrouwbaarheidswaarde (NAMAR 14) van ≥ 0,80 per competentie-indicator te komen. We gebruikten een minimumaantal beoordelingen voor de CFA en een
korte tijdsduur om het eventuele gebruik ervan voor continue kwaliteitsverbeteringsdoeleinden te onderzoeken. De CFA wees uit dat een herziene veronderstelde factoroplossing met drie competentiedomeinen het meest passende model was, en niet de oorspronkelijke factoroplossing met vier competentiedomeinen of de factoroplossing die we
in eerste instantie verondersteld hadden (χ2, p-waarde, df=29,298, 0,2091, 24; χ2/df=
1,22; TLI=0,994; CFI=0, 996; RMSEA=0,032(95%CI 0,000 tot 0,067); SRMR=0,019). De betrouwbaarheid van competentie-items was zeer matig, daar ze allemaal een aan de aios
toe te schrijven variantie van <20% en NAMAR-waardes van 13 tot >100 vertoonden. Enkele konden helemaal niet gemeten worden. Binnen de subgroepen naar geslacht werd
dimensionale configurale invariantie en metrische invariantie aangetoond; de scalaire invariantie kwam als dubieus uit de bus. Alle waren meetbaar met de steekproefgrootte en
binnen een tijdsduur die geschikt was voor continue kwaliteitsverbetering voor supervisors. De door certificeringsinstanties aanbevolen beoordelingsmethoden werden wederom niet gevalideerd. Het is mogelijk om standaardmetingen van de validiteit van beoordelingsresultaten te verrichten binnen een tijdsbestek dat aanvaardbaar is voor continue kwaliteitsverbeterings- en groepsvergelijkingsdoeleinden.

Hoofdstuk 6
Verschillen in op oordeelsvorming beruste beoordelingen zijn van invloed op zowel het
leren als op de besluitvorming bij high-stakes toetsen. Variantiebronnen moeten identificeerbaar zijn en gemonitord, teruggekoppeld en gebenchmarkt worden om de kwaliteit
van beoordelaars’ beoordelingen op peil te houden. Of supervisors in staat zijn om de
verwachte competenties te beoordelen wordt echter zelden of nooit gemeten. Deze studie onderzoekt de toepassing van validiteitsbewijs met behulp van confirmatieve factoranalyse (CFA) en de betrouwbaarheid aan de hand van het aantal beoordelingen dat vereist is om tot een minimaal aanvaardbare betrouwbaarheidswaarde van R=0,80 (NAMAR)
te komen, in combinatie met statistische procescontrole (SPC in het Engels), om na te
14

NAMAR = Number of assessments for a minimum adequate reliability
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gaan of er bij individuele supervisorbeoordelingen (strenge/toegeeflijke beoordelaars)
bias optreedt en, zo ja, om het effect hiervan op de validiteit en betrouwbaarheid te meten. De invloed van bias werd gemeten door de constructvaliditeit van geneste supervisorgroepen te vergelijken met behulp van meetinvariantie; oftewel een vergelijking van
de betrouwbaarheid van de hele groep met die van de groep zonder de supervisors bij
wie bias optrad. Zo ontstonden twee groepen: de beoordelaars met en zonder de neiging
om soepel/streng te zijn. De SPC-applicatie bracht twee groepen van beoordelingen in
kaart waarop de analyse werd gebaseerd: de uitschieters (n = 81) en de niet-uitschieters
(n = 134). Configurale meetinvariantie, waarbij de fit van het geneste model van de beoordelingen van uitschieter-beoordelaars werd vergeleken met die van de niet-uitschieters, liet een aanvaardbare model-fit zien, wat erop duidde dat ze dezelfde competentiedomeinconstructen meten (χ2=66,351, p=0,0163; χ2/df=1.51; df=44; TLI=0,973;
CFI=0,983; RMSEA=0,069 (95%CI=0,030-0,101); SRMR=0,083). De gelijke factorladingen
en intercepten voor het model vertoonden aanvaardbare model-fit-indices zonder degradatie, zoals bleek uit het niet-significante verschil in de χ2 bij het configurale model
(χ2=80,898, p=0,0204; χ2/df=1,42; df=57; χ2 diff=14,547, p>0,5 voor Δdf=13; TLI=0,973;
CFI=0,983; RMSEA=0,069 (95%CI=0,030-0,101); SRMR=0,083). De betrouwbaarheid ten
aanzien van de competentie-indicatoren was zeer matig, maar deze verbeterde aanzienlijk na verwijdering van de uitschieter-beoordelingen. De mediaan van een gesommeerde
NAMAR bedroeg 60 voor de gehele groep en 13 voor de groep zonder beoordelaars bij
wie bias optrad (de rangtekentoets van Wilcoxon p=0,002). Het combineren van SPC met
huidige CFA-methoden zorgt voor voldoende verfijning om de invloed van bias op beoordelingsresultaten te kunnen meten. Met deze methoden kon op basis van een voor deze
methoden minimaal vereiste steekproefgrootte in kaart worden gebracht in hoeverre de
twee groepen dezelfde constructvaliditeit hadden en konden significante verschillen in
betrouwbaarheidsbewijs tussen die groepen worden vastgesteld. De aanpak is geschikt
voor het verschaffen van uitkomstmaten voor op kwaliteitsverbetering gerichte interventies.

Hoofdstuk 7
Dit proefschrift laat goed zien dat er sprake is van grote, wijdverbreide en hardnekkige
problemen die van invloed zijn op de validiteit en betrouwbaarheid van de resultaten van
supervisorbeoordelingen. Resultaten die gebruikt worden voor high-stakes besluiten.
Tientallen jaren van bezorgdheid van eerder werk, wat nu verder ondersteund wordt
door meer verfijnde methodieken, geven aan dat er meer aandacht nodig is voor de kwaliteit van de voorbereiding, uitvoering en organisatie van supervisorbeoordelingen, zodat
rechtvaardigheid voor zowel aiossen als de samenleving kan worden gegarandeerd. Het
bewijs staaft de gedachte dat het nodig is de status quo omtrent supervisorbeoordelingen op constructieve wijze opnieuw te beoordelen. Hoewel de slechte kwaliteit van
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beoordelingen een aanhoudend probleem vormt, kan elk van de negatieve constateringen ongedaan worden gemaakt en kunnen er mogelijk betere resultaten worden geboekt
als we de kwaliteit van beoordelingsresultaten en –processen aan een heus evaluerend
onderzoek onderwerpen. Het teweegbrengen van verandering door validiteitsbewijs als
een kwaliteitsverbeteringsmethode aan te wenden in combinatie met traditionele verbeterprocessen blijkt een verantwoord proces dat nader onderzoek verdient tijdens de implementatie. In de eerste plaats zijn verbeteringen in de huidige systematiek mogelijk. De
effectiviteit van het accreditatiesysteem voor opleidingsprogramma’s kan heel eenvoudig
verbeterd worden door ervoor te zorgen dat er bij de implementatie van huidige standaarden gebruik wordt gemaakt van monitoring met feedback en benchmarking. Er bestaat een duidelijke behoefte aan strikte toepassing van standaarden en regelmatige meting van de naleving hiervan met behulp van dezelfde methoden (of vergelijkbare) als die
in dit proefschrift nauwkeurig werden beschreven. Voorts zijn de vereiste competenties
waarover artsen door certificeringsinstanties geacht worden te beschikken en die in de
competentiedomeinen en competentiedomein-indicatoren tot uiting komen problematisch. Eén mogelijkheid is om de beoordeling van deze competenties af te dwingen, waarvoor het noodzakelijk is dat supervisors getraind worden om alle competentie-indicatoren adequaat te beoordelen. Een betere optie is echter om de in dit proefschrift onderscheiden competentiedomeinen te ontwikkelen, d.w.z. competentiedomeinen waarvan
de kans groot is dat supervisors die op de juiste wijze kunnen beoordelen. Ten tweede is
het opstellen van nieuwe richtlijnen voor toekomstig onderzoek naar beoordelingsstrategieën een cruciale vervolgstap. Het is duidelijk uitvoerbaar om supervisorbeoordelingen te gebruiken voor het meten van de kwaliteit van de mate waarin beoordelaars in
staat zijn om competentieconstructen te beoordelen. Wat de supervisorpopulatie die de
beoordelingsresultaten voor dit proefschrift heeft verschaft betreft, is er duidelijk bewijs
dat de manier waarop zij vele competentiegebieden beoordelen ondermaats is. Dit kan
standaard gemeten worden en biedt kansen voor het ontdekken van leermethoden waarmee supervisors’ vaardigheden verbeterd kunnen worden en voor het ontwikkelen van
andere manieren om veel van de verwachte competenties te beoordelen.
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What is the social and educational relevance of the research results?
The educational and social relevance of the research observations from this thesis relate
to informing educational and regulation bodies of the recurring inadequacies of judgement-based assessment results; and therefore their intended use of measuring the performance and educational and training achievements of postgraduate medical trainees.
The research observations and methods used not only inform the jurisdictional institutions, but also should motivate and drive change towards educational and policy reform
that promote the quality of assessment practice, fit-for-purpose development and implementation, quality assessment programmes ,and the development of assessment literacy
for assessors. In addition the development of accreditation practices for assessment programmes to make them more relevant to trainees, supervisors, and society is particularly
important. Why society? Society is reliant on health regulatory bodies to ensure the populace is protected from incompetence and poor medical practice as much as possible
within reasonable intellectual, social and economic bounds.
Those with knowledge and experience, and those with regulatory powers have the responsibility to set those bounds, but buttressed within an educational scientific framework. The scientific framework is necessary to ensure that information used to formulate
healthcare policies is as valid as can be achieved in order to free society from the tyranny
of biased and ill-informed decisions based on possibilities and untested “good” ideas. The
substance of such concepts is equally crucial for medical education practice and regulation. The disturbing thing though is that the medical profession has not attended to this
latter problem first. That is, has not addressed the quality problem before the regulators
need to step in to enforce the development and implementation of evidence-based methods to improve supervisor performance and assessment literacy.
The personal relevance to trainees is clear. Feedback for learning and clinical and professional formation, with improvement based on validly predicated instructional guidance is integral to quality training. Being given unreliable instructional information, and
being assessed on phenomena about which the assessor has no, or poor understanding
is an anathema to quality training. Similarly, the assessor may be in a position where they
require training and experience in those same phenomena, but are not provided with the
feedback about this need. Being asked to assess something about which one has little
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understanding, or an incorrect understanding, borders on being a corruptive influence
propagating less than mediocrity.
The dissertation provides both educational bodies and regulatory bodies with
knowledge suitable for use, as pragmatically shown in this dissertation, for quality improvement processes to be implemented; with knowledge and methodology suitable for
immediate implementation; and the translation of the information and methods into services, processes and new educational activities.

Who are the target groups for the research results?
For medical education in general, the groups for whom the research results would be of
interest can be considered generic because they are identified simply by the use of judgement-based assessment methods in any context. The results can raise concern that similar issues may exist for any group involved in training using assessment and feedback by
judgement-based observation. In addition learners, trainers and supervisors, institutions
and governing bodies of the assessments and work-type, and the vocational professions
are all stakeholders 15.
Even though a specific group was studied, namely supervisors of postgraduate medical trainees, the problems demonstrated are ubiquitous. They extend well beyond the
specific context of this thesis, are generic to judgement-based assessment, and are not
specific to supervisors of medical trainees or medical education. The methods employed
are also generalisable, especially those used to identify and measure the constructs assessed. Similar controversies identified in this dissertation have caused ongoing angst for
results involving judgement-based assessment in most jurisdictions where they are used.
Reframing the approach highlighted in this thesis offers remedies for some issues, especially clarifying competency-constructs used in judgement-based assessments.
Specific groups for which the research results are particularly pertinent can be readily
identified. For example, in post-graduate medical education the target groups are the
training programme organisers at a certifying level. At an implementation level, the corresponding example is a hospital-based training programme. Within programme implementation, an example is supervisors but also other assessors that may be fit-for-purpose
for assessing specific performance, skills and/or knowledge. However the groups identified can be changed to any similar identity in other professions and work places, the problem is so wide spread. The group for which particular concern should exist are medical
trainees whose education and training is partly, possibly largely dependent on judgement-based assessment and feedback, and especially the formative instruction based on
that assessment. Unless they can be reassured that the information and feedback they

15

Those involved in any assessments that are used for feedback and formative instruction derived
from judgement-based assessments used for the training of individuals to an acceptable standard
of a required competency.
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are being provided is valid and reliable, then misgivings can arise about their quality of
training 16.

Into what concrete products, services, processes or educational activities will the
results be translated and shaped?
Certification and regulating bodies can use methods exemplified in this dissertation to
assist the evaluation of the training programmes they accredit using objective data. Similarly the training programmes can immediately evaluate and obtain at least some measure of the quality of their supervisors’ assessment literacy, and then develop quality improvement processes and measure their effectiveness. The supervisors as a group will
also be able to apply the information from the perspective of professional self-regulation
and development. Additionally, in an equitable and transparent education system, the
adult learners will be able to obtain at least some quantitative measure of the quality of
their assessments, and if not satisfactory be able to petition vigorously for time and cost
resources for implementing improvement processes. Standard setting bodies are in a position to ensure adequate and timely progress faster than achievable by traditional peer
reviewed publications and educational meetings. They have the ability to create change
quickly and in a methodical transparent way by mandating active quality improvement
and reporting for training programmes as part of accreditation requirements 17.
A specific concrete product relates to the part universities can play in the implementation. Universities have the capability to attract the required individuals with appropriate training and experience, to create departments that provide assessment evaluation
services to many separate training and stand-setting institutions thus assuring equal
standards. Funding could be by above-cost recovery fee-for-service for the evaluative
service. Also, traditional grant funding for innovative research aimed at improving assessments and human competence in this research domain 18.
16

Fortunately for healthcare, medical schools and postgraduate training programmes are populated with highly intelligent and capable individuals who mostly are able to work around the problems. However, a better use of that intelligence is to provide valid, reliable and effective feedback
and formative instruction to efficiently and effectively accelerate learning for most if not all of the
time. This is particularly important given current worktime rules for medical training compared to
when the current educational system was developed.
17 The caveat to the above potential for implementation of the services, processes and educational
activities is that many of the concepts are relatively novel. A great deal of translational activity will
be needed given the perceived complexity to many of the methods used. Translational activities
will involve the use of traditional approaches, for example peer-review publications of research,
learning and training workshops for the methods, and audit and feedback for all involved. Further
explorative research is essential to effectively identify and therefore specifically focus on assessors
who need improvement and/or calibration. In this dissertation only leniency/stringency bias was
evaluated.
18 A university-based institution that provides independent and impartial evaluation and quality
measurement services, and assessment-dedicated research, would be in a position to be
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To what degree can the results be called innovative in respect to the existing
range of products, services, processes and educational activities?
Providing detailed information about the implementation and methodology used to collect and then act on validity evidence is not usually a routine part of the evaluation of
many, possibly most training programmes in post-graduate medical education and training. Yet this is recommended by professional medical educators. One of the many arguments made in the dissertation is that there should be such routine evaluation. Therefore
it would be innovative for these and other strong methods to be employed routinely to
ensure a minimal quality for assessments using feedback and formative instruction as
well as for assessments used for making high-stakes decisions.
Another partial innovation is the use of continuous quality control methods and processes for routine evaluation of the quality of judgement-based assessments. These processes are able to identify assessors who have an understanding of assessees’ competencies that is not appropriately calibrated. As a new conceptual approach they can be implemented for regular quality improvement using data that is already routinely collected
for assessment purposes.
Another innovation is that assessment programmes can use the methods to ensure
that the assessment for feedback and formative instruction is minimally adequate. It is
the feedback and formative instruction within the workplace that is the important part
of training and assessment for the trainee. Feedback and formative instruction are a major source of learning, and the content of that learning has to be valid and reliable. If the
feedback and formative instruction is not valid and reliable, as measured by the supervisors’ ability to reliably and validly identify and grade competence, then the supervisors
need to be replaced or adequately trained to improve their assessment literacy. The background research review for this dissertation has highlighted a lack of appropriate and
consistent methodological approaches to provide validity evidence for judgement-based
assessments in a pragmatic and operational way 19.
Rather than creating variable processes and structures for conducting evaluation, validation and innovative research within each training and standard-setting institution, or
by using processes from scattered individuals at the work-face with little coordination,
Universities are in an ideal position to establish large-scale centres dedicated to highquality validation processes for service and research.

completely autonomous from the training programmes and standard setting and certifying intuitions involved. Such an approach also will allow unprejudiced comparison of quality between training programmes, which could then be used to drive improvement as required by the standardsetting bodies.
19 The concept of ensuring assessor quality for judgement-based assessments are fit for purpose
and supervisors have assessment literacy appears to have been assigned to the too-hard-basket for
decades.
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Schedule and Implementation
How will these plans for valorization be shaped?
As stated, the observations and methods emerging from this dissertation could be of particular interest to certifying and standard setting bodies, the governing training institutions and the implementing training programmes. The plans include further explorative
research into expanding the application of the concepts, advocating for replication by
other researchers and institutions, and providing detailed information to the standardsetting bodies in the form of the published dissertation. The potential number of implementable and new research-based innovations is substantial and each would require appropriate planning for implementation with the development of a realistic schedule. The
example chosen is the planning of newly defined University Departments to provide independent evaluation and validity evidence of the quality of judgement-based assessments and assessors, and in addition being a potential assessment-developer (see schematic below).

What is the schedule?
First, obtain cooperation from a credentialing body and a training programme with a wellestablished assessment package is the priority. Simultaneously a pilot study is being
planned in association with the accrediting body and a related training institution to obtain real-time de-identified assessment data in order to produce the information and
then determine the level of interest and identify pragmatic issues related to implementation 20.
Clarifying the necessary type and number of personnel needed for optimal effectiveness is also central to planning. In addition, identifying other needed resources and infrastructure for the establishment and then maintenance of such processes will be a major
part of the pilot. Clearly ascertaining and categorising the potential barriers to implementation will also be an essential component of the pilot activity.
An iterative process will be created so that the schedule includes the development of
consensus on the initial methodology and standards required. Not only is the establishment of agreed and definable consensus of standards an essential component to be reviewed after the pilot implementation, such an iterative process will need to be embedded as normal procedure for ongoing developmental improvement.

20

Negotiations and planning for these are in progress.
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Since this is a nascent concept, all the information required for the development of an
academic institutional business case will need to be gathered so a subsequent substantive case can be developed. Providing the concepts are acceptable and the implementation sufficiently pragmatic, a number of follow-on activities can be instigated. Firstly, an
agreement and elaboration on the sources of funding need planning. In addition, establishing the methods of dissemination of the concepts, and follow-on promotion, to all
stakeholders will be an important process. Furthermore the creation of agreed expected
outcomes and establishment of the efficiency capabilities that can be measured are an
essential minimum requirement for future review and evaluation procedures 21.

What are the risks involved?
An immediate risk is a lack of initial uptake. If early interest is however developed the
follow-on risk is diminishing long term enthusiasm and participation. As for most academic-based initiatives, another risk is insufficient understanding and/or agreement
among the stakeholders. This is a particular risk since personal ability and bias in perception of assessment constructs is part of the underlying problem, and why the current
standard-setting practises are proposed. Adequate comprehension and assessment literacy of stakeholders is a potential major barrier for implementation.

21

Each of the over-riding components of the schedule will need micro-schedules. For example,
obtaining cooperation from a credentialing body and a training programme with a well-established
assessment programme needs specifying.
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Although the market potential and stakeholders have been identified, the “market”
may see itself as functioning well with the status quo. Given the length of time inaction
has been prevalent for implementing quality processes, a general belief may be that tradition has it correct and no innovation is needed. Standard setting bodies may resist innovation and the market and stakeholders may need education through the traditional
but slower means of research publication and ubiquity of evidence.
At present the extent of the likely competition is an unknown. Potential competitive
organisations will exist, and the stakeholders may even take up the ideas and implement
them in isolation 22. So the likely market share needs to be identified, and a sensitivity
analyses is necessary to start estimating likely uptake. The initial ideas and estimates
about the understanding of the stakeholders are not known and their willingness for
change may be wrongly estimated. A structured business plan needs to be developed and
when done may indicate that the propositions are not viable.

What market opportunities are there?
Although at present the likely competition is not exactly known, there is a dearth of activity in the academic medical literature for assessment construct identification and
measurement of assessment literacy. Quality control processes around assessment literacy are not a routine requirement for assessment programmes in post-graduate medical
education. In addition there is no standardisation of those programmes with respect to
the form quality control should be implemented. So this area is a potential open market
place yet to be filled.

What are the costs involved?
A structured business plan needs to be developed to identify all costs. Initially these may
be high given a need for well-trained personnel. Once the required people and systems
have been identified more accurately the time/cost to profit ratio will improve. The professional infrastructure exists in Universities so the professionals’ available time and any
additional training will be a cost.
Appropriate software and computer systems with suitable digital security will be necessary. This however does not need to be housed in a specific physical space. Given the
importance of personal communication and collegial interaction for initial success and
long term sustainability, some form of physical meeting space would be desirable to engage in the interactive scientific development. Information transfer and ongoing publicising costs will depend on initial uptake and demand.
22

Educationalists with their educational and training organisations can potentially use this dissertation to inform themselves on how to undertake the evaluation of the reliability and construct
validity of their judgement-based assessments. The methods are generic and because of the detail
in the explanation and also referencing, the methods sections allow easy replication. Thia is normal
academic transparency.
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