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Abstract 

Standard setting is a process that differentiates between a competent candidate and an 

incompetent one. The University of Western Australia runs as a four-years, post-graduate 

Doctor of Medicine program with a curriculum designed to integrate basic sciences and 

clinical disciplines. The assessments are incorporated to align with the curriculum, with 

integration across multiple disciplines. A modified Angoff method was used for standard 

setting before the introduction of integrated assessments. The method utilised a panel of 

subject matter experts to reach standard through consensus in judgments and required 

substantial time and resources. In 2014, the introduction of integrated assessments brought 

to light the issues of feasibility in gathering of discipline specific judges in a short-time 

frame when the assessments themselves defied the boundaries of specific disciplines. This 

resulted in changing standard setting policies over the years until in 2018, the policy of fifty 

percent pass was introduced. The demands of standard setting with the changing assessment 

strategies identified the need for an effective standard setting method that could be applied 

to integrated assessments in a short time frame and minimum resources. The aim of this 

research was to identify the most effective non-judgmental standard setting method that 

could be derived statistically using a mathematical formula. 

A literature review was conducted to identify the existing non-judgmental standard setting 

methods in health professions literature. Five of the eight identified methods were selected 

for application on twenty integrated assessments conducted within the period of four years, 

between 2014 to 2018 in the medical school of the university. Cut scores and failure rates 

were calculated for each method and repeated measures- Analysis of Variance (ANOVA) 

with post-hoc pairwise comparison using Bonferroni’s correction, was performed to 

determine the statistical significance of the results. 
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The methods were evaluated on the criteria of credibility, acceptability, criterion-

referencing and feasibility. Credibility of the methods was assessed on two criteria; first, 

the statistical similarity of the results between different methods and second, stability of 

the methods in generating cut scores and failure rates across the assessments. The methods 

generating absolute cut scores with high procedural validity and low failure rates (<15%) 

satisfied the criteria of criterion-referencing and acceptability. Procedural validity was 

observed in sound theoretical and mathematical underpinning of the methods. Feasibility 

was assessed by calculating the time required for standard setting. 

The five methods selected for application on integrated written assessments were; Fixed 

criterion of fifty percent pass, Wijnen method, M-1SD method, Cohen 90 and Cohen 95; 

Cohen methods at 90th and 95th centiles scores, with the multipliers 0.65 and 0.60, 

respectively. The investigation of the methods revealed certain shortcomings in all the 

methods. The fixed criterion gave statistically similar results to the Cohen methods 

(p<0.001), although with large variations in failure rates, indicating low stability. The 

Wijnen and M-1SD methods gave near identical results to one another with the cut scores 

10% higher than rest of the methods. The failure rates for the two methods were above 

15%. Both Wijnen and M-1SD methods demonstrated low stability in their results. The 

Cohen methods gave statistically similar results to the fixed criterion (p<0.001). The cut 

scores of C90 were higher, despite a lower centile score used in its calculation. This resulted 

in higher failure rates with larger variations in the results than the C95 method. Cohen 95 

was the most stable amongst the methods, although at the cost of smallest cut scores and 

least failure rates. With the exception of the fixed criterion, none of the methods gave 

absolute cut scores. Feasibility was high for all the methods. The results of the study 

revealed that the modified Cohen method rated moderate to high on the criteria of quality 

measures of standard setting. 
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Standard setting is a policy decision that is different for every institution depending upon 

the educational policies, requirements and availability of resources. Methods that satisfy 

the above quality criteria can provide justification for their use to stakeholders. This study 

adds to the growing research on Cohen method, highlighting the importance of evaluation 

of the cohorts’ performance in individual assessments for the credible application of the 

method.
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Glossary of Terms 

ANALYSIS OF VARIANCE (ANOVA) 

Collection of statistical models and their associated estimation procedures to calculate 

variation among and between group means in a sample. 

CLASSICAL TEST THEORY 

Set of theories and assumptions in statistics that first originated in early 20th century, with 

following basic assumption; an observed score (on a test) is a sum of true score component 

and a measurement error component. Thus, eliminating sources of measurement errors will 

cause the observed score to approach the true score. 

CLUSTER ANALYSIS 

Classify students into groups/clusters of similar performances using mathematical concepts 

of distance (how far apart the two performances are) and similarity (how close the two 

performances are). 

CONSTRUCT 

Construct, also called hypothetical construct or psychological construct, in psychology, is 

a tool used to facilitate understanding of human behaviour. 

CONTENT STANDARD 

The description of what students are expected to know and be able to do it. 

CONTINUOUS ASSESSMENT 

Assessments conducted throughout the course to assess competence at various points in 

time. 
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CRONBACH’S ALPHA 

Measures the internal consistency of an assessment, or the extent to which the individual 

items are related with each other (and can, therefore, be used as a measure of reliability). . 

The coefficient considers the correlations between candidates’ scores on all possible pairs 

of items and can range from 0 to 1. A coefficient of 0 implies that there are no relationships 

between item scores, while a coefficient of 1 implies that scores on one item can perfectly 

predict scores on all other items. 

CUMULATIVE DISTRIBUTION FUNCTION 

Cumulative distribution function is a plot of rank of each candidate against the marks they 

obtained, with the rank converted to percentiles in the group. The gradient of the plot is an 

indicator of the degree of discrimination of the test, with a steep line showing a narrow 

spread of results and a test which discriminates poorly. 

CUT SCORE 

A mathematical representation of a required standard of achievement. Can also be defined 

as a point or a score that separates competent candidate from in-competent one is called a 

cut score. It is a score that serves to classify students into two categories, those with scores 

below the cut score, and those with scores above the cut scores; into the next and higher 

level. 

CORRECTION FOR GUESSING 

A mathematical procedure that accounts for gain in scores on assessments through chance 

performance of students. 
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ERROR 

Errors refer to as favour in judgment arising from systematic or random occurrences in the 

procedure that impacts the results. 

FACTORS 

A factor is a construct that represents the relationship between a set of questions in an 

assessment and the concept being assessed. 

INTER-JUDGE CONSISTENCY 

The degree to which cut scores within a round of standard setting exercise are consistent 

across judges/panellists. Also known as inter-rater reliability. 

INTRA-JUDGE CONSISTENCY 

The degree to which cut scores for a particular judge/panellist are consistent across the 

rounds. Also known as intra-rater reliability. 

ITEM RESPONSE THEORY 

Robust psychometric approach assessing quality of items and tests based on the assumption 

that the test is measuring a single underlying latent trait (e.g. clinical knowledge). Different 

models (one-parameter, two-parameter) exist that estimate item difficulty and/or 

discrimination, (respectively) with candidates’ underlying ability. 

JUDGMENTAL STANDARD SETTING (JSS) METHODS 

Methods that involve panel of subject matter experts/judges to set cut scores.  

LATENT TRAIT 

In statistics is the performance of the subject on a test that can be predicted by a set of 

factors which are variously called, ‘trait,’ ‘ability,’ or ‘latent trait.’ 
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LINEAR REGRESSION 

Description of linear relationship between two variables. 

LOGISTIC REGRESSION 

Prediction of probability of belonging to groups. 

MEAN MINUS ONE STANDARD DEVIATION METHOD 

The mean-derived method of standard setting used in this thesis, where the cut score is 

derived by reducing one standard deviation below the mean scores. It is referred to as M-

1SD method. 

MEASUREMENT ERROR 

Random error associated with cut scores arising from unpredicted, non-systematic and non-

repeated occurrences. 

NON-JUDGMENTAL STANDARD SETTING (NJSS) METHODS 

Methods that depend primarily on statistical or mathematical formulae to set cut scores. 

They are devoid of panel of subject matter experts/judges to set cut scores. 

PARALLEL TEST 

Parallel tests are used to establish reliability by administering different versions of an 

assessment tool to the same group of individuals. 

PARAMETER 

A parameter is a population statistic, such as the population mean which is usually 

estimated by a sample statistic, such as the sample mean. 
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PERFORMANCE STANDARD 

Performance standard is the level of performance, knowledge and skills, a candidate is 

expected to attain. They are mathematically represented as cut scores. 

PROGRESS TEST 

Progress testing is a longitudinal testing approach that tests the complete domain of 

knowledge considered a requirement for a medical student on completion of their 

undergraduate course. The test is taken by all students at all stages of their educational 

program to map the growth of knowledge of each year group and individual student until 

graduation. 

PSYCHOMETRICS 

Field of study concerned with the theory and technique of psychological measurements. 

RANDOM ERROR 

Error arising from independent and uncorrelated cause in a measurement and is associated 

with true score. 

RASCH MODEL/ANALYSIS 

Rasch analysis is a robust psychometric approach to assessing the quality of items and tests 

based on the assumption that the test is measuring a single underlying latent trait (e.g. 

clinical knowledge). The Rasch analysis produces an estimate for each person of their 

ability, and for each item its difficulty. These estimates are all on the same interval-level 

scale. It is also known as one-parameter model of IRT. 

REGRESSION ANALYSIS 

Regression analysis is a type of statistical evaluation that enables three things: 
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Description: Relationships among the dependent variables and the independent variables 

can be statistically described by means of regression analysis. 

Estimation: The values of the dependent variables can be estimated from the observed 

values of the independent variables. 

Prognostication: Risk factors that influence the outcome can be identified, and individual 

prognoses can be determined. 

RELIABILITY 

The ability of a test (instrument) to give same or similar results on different occasions for 

an individual or to give consistent results when observed by different observers. It also 

includes producing similar (or same) results on different forms of parallel tests. 

Classically, reliability is defined as a ratio of true score variance to observed score variance. 

SCRIPT CONCORDANCE TESTS 

Script Concordance Tests are a type of objective items that assess knowledge and 

application in the context of clinical uncertainty. 

SECOND ORDER DERIVATIVE 

Used to indicate the rate of change in a quantity that itself is changing. In terms of student 

performance, the percentile at which student performance is changing from rest of the 

cohort, observed through Cumulative Density Function (CDF). 

STANDARD ERROR OF MEASUREMENT 

Estimates the precision with which an individual candidate’s score has been measured by 

the assessment. If the candidate to take the same assessment 100 more times with no 
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learning effects, we would expect 68 of their scores to be within ±1 SEM of their original 

score. 

STANDARD SETTING 

The process or practice of determining cut scores is called as standard setting. 

STANDARD SETTING METHOD(S) 

The method(s) for setting cut scores. 

SUMMATIVE ASSESSMENTS 

Examinations that are focused on making decisions about student’s progress in a unit or a 

course. 

SYSTEMATIC ERROR 

Errors in judgments (of judges/policy makers) arising from improper application of 

procedures and methods. 

TRUE SCORE 

A score that is a true representation of ability of an individual at any task. Realistically 

speaking, it is not possible to calculate true score as it will always be affected by the 

situation surrounding an individual and hence, is theoretically a sum of random errors and 

observed scores of an individual when assessed infinite number of times.
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Chapter 1 Introduction 

In this chapter, the readers are introduced to the general concepts and principles of 

assessment and standard setting in health professions education. A background to the 

research problem is provided with the history of standard setting in the medical schools 

involved in this study.  The research question and aim of the study are stated. 

1.1 ASSESSMENTS AND STANDARD SETTING 

Health professionals are the personnel responsible for healthcare provision either directly 

or through academic training and research directed at provision and improvement of 

healthcare delivery.1 Health professions are governed by regulatory bodies that are 

responsible for determining standards that define adequate knowledge and skills required 

for safe practice.2-7 These standards translate into learning outcomes, that facilitate 

development of an educational curriculum.8-10 Thus, a curriculum is designed with the 

learning objectives and outcomes informed by the standards of practice as determined by 

the concerned regulatory body and institutional policies. It is also known as outcome-based 

curriculum.10,11 

Assessments form an integral part of this education cycle,11,12 especially in health 

professions where the stakes are high, as inadequate assessment techniques may result in 

incompetent professionals entering society.13,14 Competence is different at different stages 
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in education, though, at every stage, it is the ability to complete a task successfully.15 Hence, 

to measure competence, assessments are purposefully designed to measure the defined 

learning outcomes for students and practitioners.15-18  

A number of core requirements are identified for assessments to successfully measure 

competence in institutional and licensure settings. These include; 

i) The assessment should be designed to assess progress in line with well-defined 

criteria or standards derived through institutional policies and regulatory body 

legislations.12,18-20 Such an assessment design is called, criterion-referenced 

testing or mastery tests.3,20,21 

ii) The assessment should be conducted in more than one format to allow a 

comprehensive evaluation of competence on various aspects of intended 

learning outcomes.5,22 These include, written essays, Short Answers (SAQs), 

objective items such as Multiple Choice Questions (MCQs) and its 

modifications, and assessments of clinical competence, that is, performance 

assessments, such as Objective Structured Clinical Examinations (OSCEs).12,23 

iii) Assessments should be continuous and frequent; continuous assessments, in 

order to sample the learner’s abilities and attributes. A single measure of 

abilities  at a single point in time is insufficient to assess the magnitude of 

acquired competence throughout the curriculum.5 
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iv) The assessments should undergo regular quality evaluation through multiple 

sources to ensure that they are testing what needs to be assessed (valid) and will 

continue to assess learning outcomes consistently and fairly (reliability). The 

resources required in its implementation and feedback on its effectiveness 

through candidates and assessors should be included as part of regular quality 

assurance process.5,18,24 

v) The expected requirements, criteria, scoring procedure (correction for guessing 

applied or not) and the process of deciding who will be deemed competent 

should be communicated clearly to the students in advance.18 

The summative assessments allow for evaluation of students against the standards of 

professional practice, set by regulatory bodies and institutional policies. Hence, the 

assessment should conform to the above requirements for valid evaluation of 

competence.12,25 

The decision if the required competence is achieved or not is determined through the 

process of standard setting. Succinctly put, standard setting determines the adequacy of 

knowledge and/or skills on an assessment.15,16,26 It is a process that separates competent 

candidates from incompetent ones.17,26,27 A standard can be regarded as a conceptual 

boundary of adequate and satisfactory knowing and is more specifically called as content 

standard.6,15,17,26,28,29 On the other hand, performance standard is used to define the 

adequate level of knowledge and skills that are required of a candidate in order to be 
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qualified as competent.3,6,16,27,30-33 A cut score is the mathematical representation of this 

level of proficiency and is generated as a result of standard setting.6,15-17,26-28,34 

1.2 CLASSIFICATION OF STANDARD SETTING 

As with the assessments, the standard setting is of two types; absolute (criterion-referenced) 

or relative (norm-referenced).3,22,26,30,33,35-37 

i) Absolute Standard Setting 

Absolute standard setting is a process that generates cut scores at the level of performance 

standards in relation to a fixed criterion with the resulting cut scores independent of the test 

results.38 It is also called criterion-referenced standard setting and the methods are known 

as criterion-referenced methods.15,36,39 The process of absolute standard setting aligns with 

the purpose of mastery assessments29 and is regarded as most appropriate for such 

assessments.20 

ii) Relative Standard Setting 

Relative standard setting is a process that derives cut scores relative to the performance of 

students on an assessment.15,17,26,36,38 The student performance group can either be the ones 

appearing for the assessment or an external group of reference.40,41 It is also known as norm-

referenced standard setting, and the methods employed are known as norm-referenced 

methods.32,33 The cut scores from these methods are dependent on the assessment 
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results.15,17,26,35,36 An advantage of these methods is that they account for test difficulty 

through the inherent dependence on candidate performances on assessments.36 

1.3 STANDARD SETTING METHODS 

There are nearly fifty methods of standard setting described in the literature42 of which 

nearly thirty are criterion-referenced methods.17 The criterion-referenced methods are of 

two basic types, test-centred and examinee-centred.17,43,44 

i) Test-centred Methods 

The test centred methods are based on collective judgments on the contents of the test.6,42 

These judgments can be holistic, based on an overall difficulty of an assessment without 

accounting for individual item difficulty and are usually institutional decisions in following 

with national or international policies.15,36,45 Alternately, test-centred methods that account 

for individual items within an assessment and are based on their perceived difficulty by a 

group of subject matter experts, known as content experts or judges.6,16,17,30,38,46 The 

decision of competence is dependent on an estimate of probability that a borderline 

candidate will answer an item correctly.15,30,38,47 An item perceived easy by the judges 

would have higher estimate of the borderline candidates’ performance, and vice versa. A 

borderline candidate is a hypothetical criterion that experts conceptualise at the beginning 

of the standard setting process with minimum competence required to achieve performance 

standard.30 
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The test-centred methods can be applied prior to the administration of assessments, pre-

examination,32,33,48-57 or after the assessments; post-examination. The content experts can 

be provided with actual performance scores of the candidates to complement the 

judgmental process.6,16 Judges adjust their initial item estimates based on the performance 

data, during the discussions, though usefulness of incorporating examinee performance 

data in the test-centred standard setting methods is debated. There is evidence that the 

availability of post-examination data results in biased judgments,58 although, in some 

studies it has shown to assist the judges in linking item difficulty with the borderline 

candidates’ ability.6,45,59 

ii) Examinee-centred Methods 

The examinee-centred methods rely on the judgments based on examinees’ 

performance.6,17,44 They require content expert judges to systematically rate performance 

of examinees on the assessments until a performance standard is reached.6,17,36 They can 

only be applied in retrospect, post-examination, as inherent in their design and are useful 

in standard setting on examinations assessing skills (performance assessments).36,60  

The examinee-centred methods can also be purely empirical, also called statistical methods. 

They do not involve a panel of experts for reaching a cut score and are based on a 

mathematical and statistical approach towards standard setting.6,61-67 
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iii) Compromise methods 

Some standard setting methods use criterion-referencing with some form of norm-

referenced approach. They utilise the criterion-referencing element of conceptualizing a 

borderline candidate and use norm-referencing for an estimate of test difficulty. The cut 

scores from these methods are a compromise between absolute and relative standards and 

are called compromise methods.17,36 

For the purpose of clarity in description of methods; the term Judgmental Standard Setting 

(JSS) methods will refer to methods that require a panel of content experts coming together 

and reaching a performance standard through a process of discussion and iteration. It will 

include all test and examinee-centred methods that require judgments through content 

expert panels, including the compromise methods. The content experts will be referred to 

as  judges or experts throughout this thesis. The methods that are empirical/statistical and 

devoid of the process of standard setting through a panel of judges will be referred to as, 

Non-Judgmental Standard Setting (NJSS) methods in this thesis. The author emphasises the 

point that the classification of standard setting methods; test-centred and examinee-centred, 

is retained in this context. 

1.4 BACKGROUND TO THE RESEARCH PROBLEM 

Standard setting plays a vital role in health professions education because it involves high-

stakes decisions of whether the candidates have achieved the required competence as 
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healthcare providers.68 In the medical profession context, different countries follow 

different credentialing and accreditation processes. In United States of America and 

Canada, licensure examinations are conducted for national and international graduates 

before entering the public health services.5,69 The General Medical Council (GMC) in the 

United Kingdom (UK) is responsible to ensure that UK medical school graduates meet the 

required standards of professional competence for their medical internship entrance.5,7,70 

Health professions education in Australia is governed under several different registration 

boards and regulatory bodies71 with the medical education of undergraduate and 

postgraduate programs falling under the Australian Medical Council (AMC) accreditation 

body.2 The AMC guidelines focus on holistic approaches toward assessments through 

aligning learning outcomes with the assessments.8 It requires primary medical education 

providers to meet their standards by using validated methods of standard setting, although 

the choice of method is at the discretion of each school according to the curriculum and 

assessment methods.8 

In Australia, lack of credentialing examinations at the end of graduation has resulted in a 

variety of assessment and standard setting practices being observed across different medical 

schools.7,33,61-63,69,70,72-77 Several individual and collaborative studies have been conducted 

into written and performance assessments3,72-74 with different schools employing different 

standard setting methods according to their policies, curricula and assessment 

practices.3,33,61-63,73,75,76 Malau-Aduli et al, employed two different NJSS methods in 
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collaboratively conducted performance assessments (OSCEs) across ten medical school in 

Australia and found them to be effective in setting performance standards.74 Ward et al, 73 

observed substantial differences in standard setting practices and their results across twelve 

medical schools through specific objective items that were used as benchmarks, 

highlighting the impact that different standard setting practices have in similar educational 

curricula.  

1.4.1 STANDARD SETTING AT UNIVERSITY OF WESTERN AUSTRALIA 

i) Background to Standard Setting 

The University of Western Australia, runs a four-year postgraduate program in Doctor of 

Medicine (MD), with the curriculum designed to integrate basic science and clinical 

disciplines in which learning of material occurs by topics rather than subject-specific 

disciplines.78 In an integrated curriculum, the learning objectives from different modules 

are blended into realistic, case-oriented activities.79 In 2014, integrated assessments were 

introduced to align with the curriculum. The knowledge and skills from different specialties 

coalesced into seamless assessment components, blurring the boundaries of different 

disciplines.79 The incorporation of integrated assessments affected the standard setting 

practices at the university. 

Prior to the introduction of integrated assessments, a modified Angoff method (JSS) was 

in use for the written assessments.  Angoff method is an item centred JSS method, which 
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requires subject matter experts to convene prior to the assessment and examine each item 

independently and estimate the probability of a borderline candidate in answering the items 

correctly. Following a group discussion, the judges may or may not adjust their item 

probabilities with estimate for each item per judge (item judgment) added and averaged 

across all the items to reach a cut score.80 The integrated assessment strategies presented 

challenges in conducting Angoff standard setting. As the method requires subject experts 

to come together for the standard setting process, organising and convening meetings with 

the judges from different disciplines for several standard setting sessions became a 

challenge. The procedure in its entirety was time-consuming and costly, requiring several 

resources. Additionally, the faculty at the medical school did not have a centralised 

database for storing test items, with every discipline developing and submitting items for 

summative assessments. This resulted in a very narrow time-window to employ the pre-

examination standard setting method. It is an established known that one of the major 

challenges of JSS methods is lack of time and resources.30,36,47,67,81-83 The Angoff method 

was discontinued in the subsequent year in favour of a more convenient NJJS method, the 

Cohen method. Cohen method is a relative NJSS method that utilises results of the top 

performing students to estimate assessment difficulty. A conventional pre-fixed cut score, 

of 60%, 65% or higher depending upon the various institutional policies is used in 

conjunction with the student scores at the 90th or 95th centile.35,36,39,48,54,74,84-86 In 2018, the 
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university policy of standard setting was revised to a fixed criterion cut score, resulting in 

a university wide adoption of the fifty percent pass policy. 

ii) Challenges Identified 

A major challenge faced by the medical school in standard setting was feasibility in 

continuation of the Angoff method. After adopting integrated assessments, gathering of 

subject experts when the assessment itself defied the boundaries of a specific discipline 

became highly unfeasible. The Angoff method required subsequent time and resources 

which further added to the challenge, resulting in adoption of a NJSS method that later was 

revised to a fixed criterion, as per university policy. 

The process of judgmental standard setting requiring discipline specific experts in an 

integrated assessment is disputed.47,67,87 Simultaneously, the practice of using a fixed 

criterion as a cut score is a highly debatable topic in medical education,36,37,45,81,88-90 

although, lack of feasibility (being easily or conveniently done) is an acknowledged 

phenomenon in standard setting.6,16,35,36,91,92 Hence, a need is identified in the context of 

changing assessment practices coupled with limited time and resources to adopt a method 

that accounts for standard setting challenges in the medical school at UWA. An array of 

NJSS methods are available, that can be studied to evaluate their utility that may address 

the described challenges, while simultaneously satisfying the quality measures for standard 

setting methods. 
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iii) Research Question 

This thesis aims to identify the most effective NJSS method for integrated written 

assessments by evaluating the NJSS methods on the criteria of quality measures for 

standard setting. In keeping with the aim above, this thesis asks the following research 

question; 

Which non-judgmental standard setting method is the most effective for integrated 

written assessments in a medical program? 

1.5 OVERVIEW OF THE THESIS 

This chapter has presented a brief overview of various concepts related to assessments and 

standard setting in health professions education. The research context is presented with the 

aim and research question stated in the end. The next chapter, Chapter two, will present 

details on the principles and evaluation of standard setting method that will assist in 

identifying quality measures criteria of standard setting methods in terms of their utility. 

In Chapter three, literature review will be conducted to identify the existing non-

judgemental standard setting (NJSS) methods that are researched and used in health 

professions education. An overview of individual NJSS methods will be presented and an 

evaluation tool for assessing quality measures of standard setting methods will be devised. 



23 

 

The evaluation tool will be used in the evaluation of NJSS methods in the subsequent 

chapters of this study. 

In Chapter four, the research methodology will be outlined. The NJSS methods suitable for 

application in the research context described in this chapter will be enlisted, along with the 

reason for their selection. The strategy of data analysis, mathematical formulae used in 

calculation of the cut scores and failure rates for the methods will be described. The 

evaluation tool identified in the literature review will be revised specific to the research 

context of this thesis for evaluation of quality measures of NJSS methods. 

Chapter five will present the analysis of the results of application of the selected NJSS 

methods on the integrated written assessments. The methods are evaluated on the quality 

measures criteria of standard setting. In Chapter six, discussion on the findings of the results 

will be presented. Individual NJSS methods employed in this study are discussed separately 

on their quality to reach the conclusion of this thesis. Chapter seven will present the 

conclusion to the research question and addresses the strengths, limitations and future 

directions of this research. 
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Chapter 2 Background  

2.1 INTRODUCTION 

The previous chapter of this thesis provides an overview of assessments in health 

professions education and introduces the concept of standard setting and its classification. 

The challenges of standard setting in the medical school at the University of Western 

Australia (UWA) are described. A need for implementation of an effective non-

judgemental standard setting (NJSS) method is identified that satisfies the quality measures 

criteria of standard setting. 

This chapter will present the standard setting in detail with an overview of the judgmental 

methods and integrated assessments, exclusive to the medical education context. The 

chapter is divided into three parts. The first part describes the principles, characteristics and 

evaluation framework of standard setting methods which is used to identify the quality 

measures of standard setting methods. The second part provides an overview of the 

judgemental standard setting (JSS) methods with their requisites and the challenges in 

application. The third part provides an overview of integrated assessments and the 

challenges faced in application of JSS methods on the assessments. This chapter concludes 

with a succinct description of the criteria of quality measures of standard setting. 
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2.2 PRINCIPLES OF STANDARD SETTING 

Standard setting is the deciding factor for performance standards and by extension, the cut 

scores. A performance standard is a boundary on a true score scale that measures the true 

extent of ability of an individual at any task.15,17,26,28 A cut score is the point of pass-fail 

dichotomy on an observed-score scale,6,17,26,27 that is, it is a number, based on a cluster of 

items measuring knowledge or skills and cuts the distribution of performance scores 

(candidates) into competent and incompetent.6 In order to be qualified as competent (pass), 

a candidate must obtain scores above the cut score.6,20,45 It is important to understand that 

standard setting is not an exact science but an ‘expression of values’ based on what is 

deemed appropriate for a practicing professional.80 The methods for standard setting are 

not techniques for driving a scientifically accurate solution.16,30,36,38,52,93  There is no single-

correct way or ‘gold-standard’ for determining cut scores,16,30,36,38,52,93 however, some 

principles apply to all standard setting methods (and cut scores). These principles are 

presented below; 

i) Every method of standard setting will generate different cut scores, regardless 

of their application on the same assessment.94-99 Hence, there is no single true 

cut score that deems an examinee competent.80 

ii) Every cut score is based on judgment.80 This judgment may be in the form of 

content experts, those with expertise in the assessed discipline or the policy 

makers of an institute. The cut scores can be set at any point on the score scale, 
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either higher or lower, depending upon what is deemed most appropriate for a 

particular knowledge or skill through policy or using expert judgments.80,100 

Regardless of the procedure used, every method of determining cut score 

depends on judgment at some point in the process, including those that rely 

solely on mathematical formulae to generate cut scores.38,80,101,102 This further 

implies that there is no purely objective way of determining cut scores.101 

iii) As in any measurement, there is an error associated with the cut scores.103 An 

error refers to variability in measurement, that is, repeated application of the 

same method will give different results.103,104 The error is of two types; random 

and systematic. The random error arises from unpredictable sources and is 

variable in magnitude and direction.103 It is expressed as standard error and 

summarises the random inconsistencies within a standard setting method.6,26,103 

The systematic error arises from human inabilities and inconsistencies in 

performance of a task, such as, an anxious student performing poorly on the day 

of assessment.103 In standard setting, systematic errors may arise while setting 

cut scores due to differences in judgments, inconsistency on part of the judges 

or inconsistency in performance of the candidates. This error can introduce bias 

in standard setting judgments but can be reduced by ensuring rigor in 

conducting the overall process of standard setting.30 
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iv) The combined effect of random and systematic error results in inaccurate 

classification of examinees into false-negative and false-positive, with the 

resulting error called classification error.6,26,93 The examinees are called false-

negative when a method fails those that deserve to pass and called false-positive, 

when a method passes those who deserve to fail.6,26,93 The ability of a standard 

setting method to detect classification errors is expressed as sensitivity; ability 

to detect those who deserve to pass and specificity; ability to detect those who 

deserve to fail.6,61,63,93,105 

2.3 EVALUATION OF STANDARD SETTING METHODS 

The standard setting methods have been characterised in the literature as being fair, 

defensible and practicable.6,22,26,27,30,86,100,106-108 These characteristics in combination with 

the framework for validation of standard setting methods described by Pant,27 results in the 

following definitions; 

Defensibility is the robustness with which a method upholds challenges to its performance 

standards.109 It is related to authenticity of the performance standards, that is, credibility109 

and is invariably affected by the type of method used or the imbalance of results produced, 

that is, acceptability of methods.35 

Fairness of a standard setting method is characterised by a method that will benefit all 

stakeholders; institute, assessors and examinees, by allowing equal opportunity for the 
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competent candidate to pass. The decision of pass and fail is based on merit and ability, 

that is a criterion, rather than comparison between student performances.35,61,62,82,84,87,92,110 

It is transparent to all stakeholders and according to the requirements of the test.35,92 This 

means that the cut scores generated from a fair standard setting method would be absolute.95 

Practicability refers to the ease in application and continued use of a method, that is, a 

method that can be realistically applied in a particular setting, technically described as 

feasibility and sustainability of a method.35,92,105 From the definition of the terms above, it 

is evident that defensibility, practicability and fairness are the sum of validity evidence 

based on procedural, external, internal and consequential evaluation of standard setting 

methods.27 

2.3.1 PROCEDURAL EVALUATION 

Procedural evaluation is a systematic process of reaching a cut score22,27,100 and is observed 

in the methods that use high-quality standard setting panels. It implies using appropriate 

number, representation and expertise of judges that are capable of conceptualising the target 

population.27,30,38 Procedural evaluation is assessed in reaching standards through a priori 

reasoning, using a systematic approach to collection and implementation of the panel 

judgments considering test difficulty which lends confidence in the established cut 

scores.6,16,100,106 
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Procedural evaluation also refers to accumulation of technical evidence to support use of a 

particular standard setting method.106 It translates to sound theoretical and mathematical 

underpinning/formulae of methods with well-defined criteria for reaching performance 

standards, in methods devoid of expert panels (NJSS methods).35,86 The characteristics of 

standard setting observed in procedural evaluation of standard setting methods can be 

regarded as objectivity and explicitness of the methods.27 

Procedural evaluation additionally involves determining transparency of standard setting 

methods with respect to ease in implementation and interpretation of the results.27,35 

Methods with substantially sophisticated procedures or mathematical formulation are hard 

to explain to the stakeholders and are low in transparency and acceptability.35 The 

objectivity, explicitness and transparency evaluate the procedural validity of a method.  

2.3.2 EXTERNAL EVALUATION 

External evaluation of standard setting methods is the evidence gathered through sources 

extrinsic to the process of standard setting and reflects appropriateness of the cut scores; 

validity of a method.100 Validity of a method is the ability of a method to truly separate 

competent candidates from incompetent one.44,100,111,112 The evidence of validity is 

observed in evaluation of procedures that reflect methods’ ability to account for test 

difficulty6 The appropriateness of cut scores is also evaluated through comparison with 
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other standard setting methods through agreement in the results between different methods 

or comparison of student performance on another examination.6,26,27,100 

2.3.3 INTERNAL EVALUATION 

Internal evaluation refers to the evaluation of internal processes of a standard setting 

method27,37,100,106 and is associated with the reliability of the methods. It is observed in the 

ability of the methods to give consistent cut scores, demonstrate consistent inter-rater and 

intra-rater judgments or generate stable cut scores across different assessments of similar 

difficulty.27 The consistency of pass/fail decisions (consistent failure rates) in a standard 

setting method forms part of internal evaluation.26,27,100 Additionally, evaluating the 

assessments, that is reliable and valid assessments lies central to internal evaluation of 

credible cut scores.100 

2.3.4 CONSEQUENTIAL EVALUATION 

Consequential evaluation is observed in feasible and realistic outcomes of standard 

setting.35,106 Additionally, it refers to the ability of a method to generate cut scores in 

alignment with the performance standards on an assessment that are observable in the future 

performance of candidates, the consequential validity of the methods.27  

The characteristics of evaluation of standard setting methods identify with credibility, 

acceptability, criterion-referencing, feasibility and sustainability of the methods. The 
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credibility of a method is defined as the ability of a method to convince the stakeholders of 

its authenticity/accuracy by identifying true performance standards and by giving 

consistent results.35,82,86,87 That is, credibility is evident in the validity and reliability of the 

standard setting methods. The credibility of a method decreases with the increase in 

classification errors, expressed as sensitivity and specificity of a method.63,109 The validity 

of methods has already been discussed; the reliability of a method is the ability to give 

consistent performance standards, that is, reproducible results when applied to the same 

assessment.6,16,106 A reliable method will give consistent cut scores.27 It is observed in 

consistency of the decisions of pass or failure rate65,82,84,86,87,110,113-115 and in judgments of 

the judges. The consistency of judgments among the judges is referred as inter-rater 

reliability. It refers to how consistent different judges are at rating of the assessment items 

within the standard setting process.116 The ability of a single judge to give consistent ratings 

on the assessment items and the resultant cut score, within an assessment at different points 

in time is referred to as intra-rater reliability.30,65,86,110,113,115,116 

Acceptability of methods is related to the acceptance of a method to its stakeholders.117 

Acceptability is high if a method is objective and explicit in reaching cut scores, yields 

realistic outcomes and is easy in understanding and transparent in conduct.35,92,114,118,119 

Additionally, research evidence on the methods form a strong link with acceptability of a 

method.6,30,32,41,92,109,110,118,120,121 The acceptability of a standard setting method lies in the 



33 

 

evidence of its procedural validity, magnitude of absolute failure rates and research 

evidence  for a method.16,27,38,100,106 

Criterion-referencing refers to the methods that produce performance standards based on 

abilities, that is, a criterion rather than comparison of candidates. Succinctly put, a method 

that generates absolute cut scores is a criterion-referenced method.38,95,106 Such a method 

will makes decision based on abilities and will pass all the candidates who have achieved 

that criterion, thus, may result in zero failures in certain circumstances. 

Feasibility refers to a standard setting method being time, cost and resource efficient. It 

relates to the practicability of the methods, that is, ease in understanding, implementation 

and interpretation; transparency of methods.6,16,27,36 A method that requires a substantial 

amount of time and resources has low application and vice versa.105 

Sustainability  implies continued use of a method in its local context. Though sustainability 

relates to feasibility, it cannot be assessed in the absence of an element of feedback from 

the stakeholders on the process of standard setting.6,16,31,36,86,121 Table 1122 presents an 

overview of the above discussion. 
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Table 1: An overview of evaluation of standard setting methods 

QUALITY 
EDUCATIONAL 

CONTEXT 
QUALITY 
MEASURES 

RESEARCH 
PARAMETERS 

Defensibility 

• Balance between 
passing 
competent 
candidates and 
an acceptable 
result 

Credibility 
• Validity 

• Reliability 

Acceptability 

• Objectivity & 
Explicitness  

• Transparency  

• Failure rate 
(FR) 

Fairness 

• Allows 
competent 
candidates to 
pass- valid 

• Clearly 
articulated 
purpose, with 
rigorously and 
systematically 
implemented 
procedure 

• Transparency in 
the decision-
making process 

Defensibility  
• Credibility 

• Acceptability   

• Pass/fail based 
on individual 
abilities rather 
than comparison 
of abilities- 
absolute 

Criterion-referenced • Absolute 

Practicability 

• Accounts for 
continued 
application in an 
institution 

Feasibility 
Sustainability 

• Time 

• Resources 

• Feedback 

Adapted from (Schoeman, 2015; p 103)122 
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2.4 JUDGMENTAL STANDARD SETTING METHODS 

The judgmental standard setting (JSS) methods are dependent on a panel of judges for 

generating cut scores.26,47 The literature emphasises appropriate selection, training, 

interaction and monitoring of the judges for reaching defensible and credible cut scores.26,47 

The judges need to be experts in their disciplinary field and methods of 

examination15,17,106,117 and should be able to make judgments regarding variables such as 

element of guessing and degree of item difficulty.17,30,81,87 They should be sensitive to 

examinee performance to be able to assign performance standards6 and must be 

exhaustively trained on the method(s) of standard setting.15,26,27,47 The process of standard 

setting should be well-planned,15 conducted with rigor and implemented appropriately to 

ensure procedural validity.26,27 There should also be some degree of agreement among 

and with-in the judges, that is, inter-rater and intra-rater consistency.26,27 

A borderline candidate, that is, a candidate with minimum competency to pass an 

assessment is pivotal in judgemental standard setting, as reaching a performance standard 

is dependent on the judges ability to perceive item difficulty or examinee performance in 

relation to this hypothetical construct.15,30,47 A borderline candidate is different for every 

assessment depending on the level of competence desired. In assessments seeking to certify 

examinees for clinical practice, it is defined through the outcomes desired at the time of 

graduation from the institution, et cetera.82,87 It is essential that the selected panel of judges 



36 

 

are capable of conceptualising a borderline candidate from their experience of professional 

practice; as to what should the candidates know or from their academic understanding of 

what can be expected from the students at different levels in the medical curriculum.30 The 

calibration of a borderline candidate requires defining the content standard including the 

number of categories, and difficulty levels to be included within the standard. Detailed 

descriptors that demonstrate knowledge, skills, and abilities in a specific context that is 

expected of a candidate in that category is included in calibration of a borderline 

candidate.14,47,101,102 

2.4.1 CHALLENGES IN JUDGMENTAL STANDARD SETTING 

The challenges in judgmental standard setting lie at three levels; subjective nature of the 

methods, calibration of the borderline candidates, and variability in the standard setting 

results.47 

i) Subjective Nature of the Methods 

All standard setting methods are subjective as all are based on judgments.80,100-102,123 The 

JSS methods are inherently dependant on expert judgments for reaching performance 

standards which introduces several systematic errors in the process. The source of errors 

lies in selection of judges, panel size, selection of methods and facilitation of the 

procedure.29,49,124 Discussion among the judges can influence decisions, especially in the 

presence of a few dominating judges that may lead or persuade their point. The resulting 
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performance standards may not be a true reflection of individual judges’ expectation of 

student performance.16,30,47,58,119 

The size and composition of the judges panel is associated with reliability of a method, just 

as the number of items are associated with reliability of an assessment.29,47,82 The number 

of judges for reliable standard setting is highly controversial, with authors suggesting from 

five to thirty judges for a method.48,82,87,106,117,125,126 Some studies have reported that the 

number of judges can be reduced when the discussion among the judges is incorporated 

within the standard setting process.73,82,87,127 

Some additional challenges pertaining to the subjective nature of the JSS methods include, 

if the methods can be learnt effectively in a short period of time for reaching credible 

standards.110 Some authors have also reported fear of compromising the content of 

assessments due to involvement of a large number of judges during pre-examination 

standard setting.87 

ii) Calibration of Borderline Candidate 

Several studies have reported judges having difficulty in conceptualising, understanding 

and implementing this construct, especially when they were not familiar with the students. 

The proper selection and training of the judges is essential for accurate conceptualisation 

of a borderline candidate.32,36,47,99,119,128 To overcome this challenge, some authors have 

used panel of recent medical graduates within a year of their graduation, to set standards 

for assessments evaluating graduation-level outcomes.41,82,87 
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Calibration of a borderline candidate has been labelled as a highly ‘cognitive task’32,99 

which is complex and undesirable.129 It has been documented to result in biased judgments, 

resulting from lack of comprehension of examinee performance with accurate estimation 

of item difficulty.6,47,130 

iii) Variability in Cut Scores 

It is already established that no true standard exists and every method gives a different 

result on the same assessment, however, in JSS methods variability in cut scores is 

additionally associated with the number, type and training of judges.29,101,102 Several studies 

have reported that despite similar difficulty, application of different methods result in 

substantially different cut scores.70,73 A large scale study evaluating student performance, 

similarities in curricula and differences in application of standard setting methods reported 

large differences in cut scores across the medical schools in Australia, with the median cut 

scores ranging from 50-60% despite the substantial similarities in the assessments and the 

curricula. The assessments in the study were made comparable using similar items across 

the schools, called tracker items.73 Another study assessed the standards set at graduation 

level in thirty-one medical schools across the UK. The study used common objective items 

to ensure the comparability of the assessments. Different JSS methods were used across the 

schools resulting in statistically significant differences in the cut scores, with an 

interquartile range of cut scores between 5.7% and 6.5% for the common items across the 

two academic years.82,87 
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Variability in cut scores is also observed in different set of judges in comparing different 

judgmental methods, which threatens the defensibility of cut scores.17,38,47,94-99,129 Some 

authors have identified difficulty in distinguishing performance standards on knowledge 

levels of examinees within short intervals during a year.41 There is evidence that judges 

may not accurately estimate item difficulty in test-centred methods.82,86,87,119,131 In a recent 

work, an author compared a JSS method against a NJSS method in a credentialing 

examination and observed significant lack of inter-rater reliability and inability of the 

judges to predict item difficulty.86 

The challenges in judgmental standard setting influence the quality of performance 

standards, although, as with any method of standard setting these challenges can be 

overcome with rigour in procedural application of the methods. There is substantial 

evidence in the literature that these methods are reliable and can successfully account for 

varying test difficulty.22,30,38,40,65,82,85,87,106 Several authors have reported similarity in cut 

scores between different JSS methods when the procedure is conducted with rigor and 

controlled for systematic errors, suggesting that the procedural validity of methods has 

substantial implications on the credibility of results.40,105,114,115,118,121 Similarly, consistency 

in generating cut scores within and between judges (inter-rater, intra-rater) is high if the 

panel size and composition is adequate.65,82,87,110,113-115 It is suggested that criterion-

referenced methods involving a panel of subject matter experts offers the best approach to 
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standard setting in licensure and certification examinations, with due diligence to the 

above.17,30,36,47,83 

Acceptability of the JSS methods is substantially high. The evidence of procedural validity, 

that is, systematic and rigorous implementation of the methods and the judgments based on 

the expertise of the judges on individual items or examinees renders them highly acceptable 

to the stakeholders.17,30,33,36,47,83,88 However, the method loses its acceptability when degree 

of iteration is less. Iteration is the discussions around the individual item difficulties or 

examinee performances.57,88,95 These methods have been researched with nearly fifty years 

of evaluation evidence, leading to formulation of the above requisites, thus, rendering 

acceptability in the cut scores produced by these methods.38,41,88,110,114,118,121 The 

acceptability of these methods is directly linked to the composition of expert panel, that is 

type, characteristics and educational background of judges,22 where in one study reports 

using graduate students as judges might have questionable acceptability in the eyes of 

stakeholders, despite generating reliable results.82,87 Schoeman reports the utility of a JSS 

method to be low on all the criteria of quality measures, that is, credibility, acceptability, 

feasibility and sustainability.86 

As judgmental methods are capable of accounting for test difficulty, the failure rates 

associated with these methods are considered acceptable.65,88 Although, those JSS methods 

that are difficult to apply, explain, compute and comprehend have lower acceptability, 

following low transparency.14,17,35,57 
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The preference and confidence in cut scores favour those JSS methods that require less 

time, effort and resources in standard setting.119,121 Methods involving complex statistical 

procedures have low acceptability and feasibility.105,121 Feasibility of JSS methods has been 

evaluated in terms of number of items and size of standard setting panel. Verhoeven et al, 

calculated a panel size of ten judges rating two-hundred items for high reliability but stated 

that ten judges rating two-hundred items is not practically possible.82 Some authors have 

reported high feasibility for JSS methods when the number of items on the assessments 

were small. Linn et al,40 reports a time requirement of an hour for forty-five test items with 

three judges. Hashim129 reports completing (Angoff) standard setting exercise within three 

hours of two sessions. They reported using an online audience response system that 

eliminated the need for physical presence of the judges, thus, reducing the time required on 

standard setting. In both the cases, time and resources would increase if the number of items 

on assessment is increased. A large proportion of researchers agree that the JSS methods 

are time consuming and resource intensive.30,35,36,47,67,81-85,87,92,117,119 The cost and resources 

required for proper implementation and conduct of the procedures (recruiting and training 

of the judges) renders them substantially low on feasibility.30,35,36,47,67,81-85,87,92,117,119 In 

addition, application of a JSS method on the assessments throughout the year is 

unfeasible.41 One study reports discontinuing application of JSS methods while conducting 

the research and using a fixed criterion instead;67p177 “Due to time constraint some of the 
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modules could NOT conduct standard setting..." This goes a long way in highlighting some 

very practical problems associated with JSS methods. 

A short time frame in conducting JSS methods and distribution of the results has also been 

reported in the context of post-examination standard setting.67 Issues with time constraint 

are also highlighted in a large-scale study in Australia, where of the twelve participating 

schools, only three conducted a session on calibration of borderline students due to time 

constraint.73 

2.5 INTEGRATED ASSESSMENTS 

Integrated assessments are a fairly recent implementation strategy in integrated curricula 

of content knowledge and skills being combined across disciplines on different levels of 

cognition; understanding, comprehension, interpretation, analysis and decision-making 

skills.132 Literature has described strategies for integrating varying disciplines within an 

assessment in a variety of educational settings.79,132-137 Few studies report on the standard 

setting of integrated assessments.25,67,85,95,119,138 Major challenges identified in application 

of JSS methods in those studies is the composition of the judges’ panel. A multi-

disciplinary panel is needed with adequate representation of disciplines, yet the assessment 

items do not belong to any single discipline,67,119 resulting in difficulty in predicting 

answers of borderline candidates in areas that were not of their expertise.67 To counter the 

challenge of inadequate subject expert representation, the size of the panel can be increased, 
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although, that further decreases feasibility of the methods for integrated assessments.67,94 

In one study, standard setting could only be applied to MCQs; the EMQs (Extended 

Matching Questions) and SAQs (Short Answer Questions) were not standard set by JSS 

methods due to time and resource constraints.119 Issues of feasibility with time constraints, 

challenges in recruitment of judges and conceptualising a borderline candidate in a small 

school setup are reported in several studies.67,95 One study reports the judges’ desire to 

standard set only summative assessments at the end of the year, as being the ‘most feasible 

option.’119 

Verhoeven et al, and Rickets have reported the issues with JSS methods in longitudinal 

assessments with graduate outcomes being assessed throughout the course of the five years 

of the curriculum. The longitudinal assessments face similar challenge in standard setting 

in the context of inability of judges to relate to various disciplines.41,82,87 Verhoeven et al87 

further reports considerable variation between the cut scores set by the judges and their 

item difficulty and contributed it in part to a heterogenous sample of judges that gave low 

measures of inter-rater reliability, as the judges were substantially different in their fields 

of education and practice. In a successive study, Verhoeven et al82 reports using two 

different panels of judges for deriving cut scores for the objective items in a problem-based 

integrated curriculum. The results from the panel of judges with medical graduates were 

consistent with other methods of standard setting used in the study, whereas, the panel 

comprising of subject experts from multiple disciplines, gave substantially higher cut 
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scores than other methods. The inter-rater reliability and ability to predict item difficulty 

was reported to be low. The inter-judge variance was reported as 1.5% and error variance 

between judges and item difficulty prediction to be 35.7%. The authors speculated that the 

panel of judges from multiple disciplines and professions formed a heterogenous group of 

‘experts’ with different educational backgrounds and student experiences that could have 

contributed towards high variances in the results for this panel. The other panel comprising 

recent graduate students with greater knowledge of the teaching and learning strategies of 

a hybrid curriculum gave a more comparable cut score with low error variances for the 

method.82 In contrast to the studies above, a study on integrated assessments utilising a JSS 

method gave consistent cut scores across two cohorts of similar test difficulties.85 

2.6 CONCLUSION 

In this chapter, several concepts pertaining to standard setting are discussed including 

principles that underpin every process of standard setting. These principles state that there 

is no single, true cut score. Every cut score is based on human judgment. All cut scores are 

arbitrary and the decision of using any cut score is dependent on policy. The cut score being 

a measurement index is associated with random and systematic errors that influence the 

resulting standards. Grounded in these principles, the standard setting methods should 

demonstrate characteristics of defensibility, fairness and practicability that translates into 
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the quality measures of credibility, acceptability, criterion-referenced, feasibility and 

sustainability. 

The judgmental standard setting (JSS) methods are dependent on adequate selection, 

characteristics and training of judges for credible cut scores. The methods have high 

acceptability due to extensive research evidence, high procedural validity and acceptability 

of failure rates. One of the major challenges in application of JSS methods is the subjective 

nature of the methods as it is inherently dependent on human judgment. The concept of a 

borderline candidate is central to JSS methods. It requires judges to perceive item difficulty 

with respect to this concept and is a major source of variability in decisions of performance 

standards. Feasibility and sustainability of JSS methods are substantially low, especially in 

medical schools. Integrated assessments pose an additional challenge to the feasibility of 

JSS methods. The integrated assessments assess multiple disciplines within an assessment 

requiring a large number of subject experts for each discipline. Low feasibility and 

sustainability of JSS methods in addition to their limited use in integrated assessments 

highlight the need of using alternate methods of standard setting. 

The next chapter will present the literature review on non-judgmental standard setting 

(NJSS) methods applied in written assessments. The existing NJSS methods in the health 

professions literature will be presented and an evaluation tool will be devised for assessing 

the quality measures of standard setting methods identified in this chapter.
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Chapter 3 Literature Review 

This chapter explores the literature on non-judgmental standard setting (NJSS) methods in 

written assessments. The chapter begins with the objective of the literature review, 

followed by the method of literature search, inclusion-exclusion criteria and description of 

evaluation strategy of the search results. The results of literature search are presented as a 

flow chart and the evaluation tool to assess the quality measures of standard setting is 

tabulated. The NJSS methods used in the health professions literature are identified and 

described with the conclusion to the search objective of the literature review. 

3.1 OBJECTIVE 

The objective of this literature review is two-fold; first to identify the existing non-

judgmental standard setting methods on written assessments in all of the accessible health 

professions literature. Second, to identify the research parameters used in validation of 

standard setting methods employed in the studies reviewed in this chapter. The research 

parameters will be used to devise an evaluation tool for NJSS methods. 

The end-objective of this literature review is, 

i) to identify and describe the existing non-judgmental standard setting methods 

in the health professions literature, and 
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ii) to devise a set of evaluation tools for the standard setting methods from the 

research evidence in the reviewed literature. 

3.2 METHODS 

3.2.1 SEARCH STRATEGY 

The major medical and education database; Academic Search Premier, CINAHLplus, Ovid 

for MEDLINE, PubMed Central (PMC), PubMed, Education Source, A+ Education 

(Australian Education) and Australasian Medical Index (AMI) were searched through a 

secondary source provider; EBSCOhost, NCBI (National Centre for Biotechnology 

Information) and Informit. The Google Scholar (G-scholar) was searched as a 

supplementary database to ensure all the potential articles were covered in the discipline 

specific databases. 

The search was essentially broken down into two components; standard setting-relevant 

terms and assessment-relevant terms, separated by AND phrase. The standard setting-

relevant search terms included, ‘cut scores’ OR’ cutoff scores’ OR ‘pass scores’ OR 

‘passing scores’ OR ‘pass/fail’ OR ‘failure rate’ OR ‘most effective’ OR ‘credentialing 

examination’ OR ‘reliability’ OR ‘validity’ OR ‘decision making’ OR ‘norm-referenced; 

OR ‘relative standard setting’ OR ‘criterion-referenced’ OR ‘absolute standard setting’ OR 

‘empirical’ OR ‘statistical standards’ OR ‘statistical methods.’ The assessment-relevant 
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terms included, ‘written assessments’ OR ‘assessments’ OR ‘objective items’ OR ‘MCQs’ 

OR written tests.’ These search terms were mapped to Subject Headings in EBSCOhost 

and Medical Subject Headings (MeSH) in NCBI to include published research on health 

professions and general education. The SH and MeSH is an additional tool that assists in 

wider coverage of topics in the literature. Studies specific to integrated assessments were 

searched in the medical databases with the terms, ‘integrated’ OR ‘longitudinal’ OR 

‘assessments’ in various combination and were likewise mapped to SH and MeSH, to 

include all relevant articles on health professions education. 

An exhaustive journal search was additionally carried out through all medical, educational 

and psychology journals in Ovid (MEDLINE), for the above-mentioned key words. The 

citations from the database were stored in EndNote X8.2, though track of all the search 

terms and strategies was recorded in Microsoft Excel; Microsoft Office 365 ProPlus. The 

literature search was carried out between the 6th of August to 15th October 2019. 

3.2.2 INCLUSION AND EXCLUSION CRITERIA 

A strategy of methodical narrowing down of the search results was employed. In the first 

step, all non-original research articles were excluded. As every discipline has unique 

educational practices only studies relevant to health professions education were included. 

In keeping with the objectives of the literature review, studies exclusive to JSS methods 

and competency-based or performance assessments were excluded, except those also 
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involving written assessments. This resulted in inclusion of only original research articles 

in health professions education. Studies specific to NJSS methods were included. Studies 

comparing different NJSS methods or comparing NJSS method(s) to JSS method(s) were 

also  included for a comprehensive analysis of the literature. All the studies were specific 

to written assessments. 

3.2.3 EVALUATION STRATEGY 

An exploratory and descriptive evaluation strategy was adopted to review the studies. The 

NJSS methods were identified throughout the studies included in the literature review. The 

studies comparing different NJSS methods were described separately. The methodology of 

the studies was explored and presented in Table 2 and 3, to identify the research parameters 

for evaluation of standard setting methods. The quality measures of credibility, 

acceptability, criterion-referenced, feasibility and sustainability as described in the 

previous chapter were linked to these research parameters, to develop an evaluation tool 

for subsequent use in the thesis, see Table 4. The characteristics of the identified NJSS 

methods were discussed in the light of the above strategies, informing the first objective of 

the literature review, whereas, the Tables 2 through 4 informs the second objective of the 

review. 
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Terms and parameters: 

- Outcomes of standard setting or result of cut scores/standard setting imply either pass 

rate or failure rate of the methods, depending upon different approaches in the studies. 

Essentially, failure rates will be used to describe outcomes of standard setting, however, 

where it is unavoidable to report pass rate, the term outcome will imply the above. 

- Item judgment is the judges’ estimate of an item’s difficulty in JSS methods. 

3.3 RESULTS 

3.3.1 LITERATURE SEARCH RESULTS 

The G-scholar search engine was used as an adjunct to the discipline specific database 

described earlier, with an initial search result revealing 251,000 articles despite the specific 

search terms and combinations. A further limit of the last twenty years in English language 

reduced the articles to 23,100. The G-scholar search was discontinued after title searching 

the results as no new publications were added through this search. Thus, the figures of 

search results described in this section are exclusive of G-scholar search, see Figure 1. 

There were 1200 studies extracted from the initial search of the medical and educational 

database. The raw results comprised of studies pertaining to education, within and outside 

the context of health professions with a major portion comprising of duplicate articles. 

These studies were title reviewed to eliminate duplicates. Additionally, the abstract of these 
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studies were read to include only those pertaining to standard setting, reducing the figure 

to two hundred and five in total. Individual bibliographies of these articles were further 

searched, adding twenty-eight more articles to this count. 

A total of two hundred and thirty-three studies were extracted as relevant to standard 

setting, comprising of original published work (theses/dissertations and research articles), 

book chapters/extracts, conference papers, commentaries (authors’ personal viewpoints), 

and review articles on standard setting in general and health professions education. The 

abstracts for all two hundred and thirty-three articles were read to include only those 

pertaining to health professions education. The literature pertaining to health professions 

education was full text read. All of the articles were subjected to inclusion-exclusion 

criteria to include a total of thirty-three studies that satisfied the criteria. From the total of 

thirty-three studies, two could not be reviewed as their English-translated versions were not 

available. Hence, a total of thirty-one studies comprising of original research articles and 

a thesis were reviewed in this chapter. Of these studies, only four studies described NJSS 

methods specifically in integrated assessments. An overview of the literature search results 

in presented in Figure 1.
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Figure 1: An overview of the search strategy and results of literature search
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3.3.2 NON-JUDGMENTAL STANDARD SETTING METHODS 

The review of the literature revealed a total of eight NJSS methods and two statistical 

adjustment techniques being used in the health professions literature. Five of these methods 

were criterion-referenced; the fixed criterion and regression analysis being test-centred and 

the rest being examinee-centred methods. The two norm-referenced methods identified, 

comprised of a group of methods that utilise mean scores on assessments to derive cut 

scores. They were grouped together as mean-derived methods. The Cohen method and its 

modifications belonged to the norm-referenced category of methods. 

The methodologies employed in the reviewed studies have been presented in Table 2 and 

3. The statistical methods and techniques employed in the studies, described in Table 3 

were used in devising the evaluation tools for the NJSS methods. The evaluation tools are 

presented in Table 4. 
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Table 2: Methodologies employed in the studies reviewed in the literature 

Studies Study Type 

Study Methodologies 

Comparison of SS Methods Other methodologies 

Statistical Descriptive Reliability Miscellaneous 

Θ Severo et al ‘12 
µ Taylor ‘11 
€  Verhoeven et al ’99  
€  Verhoeven et al ‘02 
Σ  Pokrajac & Culo’94 
Ψ Roudsari ‘16 
ω Ricketts et al ‘09 
● Burch & Norman ‘09 
▪  Cohen & CPM ‘10 
∆ Homer & Darling ‘16 
ℓ  Elfaki & Salih ‘15 
*  George et al ‘06 
≠  Park et al ‘18 
¤  Pepple ‘14 
†  Yim ‘18 
⌂ Hess et al ‘07 
−  Kamal et al ‘18 
≡ Yousuf et al ‘17 
∂ Linn et al’13 
₤ Schindler et al ‘07 
╖Violato et al’03 
√ Skakun & Kling ‘80 

Cross-Sectional 
Cohort 

ℓ * † ⌂ ╖[N=5] 
percentage agreement in methods on CS/FR 

Ώ ₣  [N=2] 
pass/fail 
alignment `with 
future 
performance 

* † [N=2] 
Intra-rater reliability (JSS) 
repeating the method 

∂ [N=1] 
Calculated 
time/method ♦ ∆ Θ ¤ [N=4] 

Statistical comparison of methods 
CS/FR 
 

µ Φ € Σ ¶ Ψ ♦ ● ▪ 
− ≡ ∂ ₤ ∞ ¤ √ 
[N=16] 
comparison 
CS/FR 

● [N=1] 
Test-retest reliability 
through Pearson’s 
correlation index (JSS) 

● ₣ ∩ [N=3] 
Sensitivity & specificity of methods [N=2] 

Maintaining 
difficulty across 
assessments  
 
Σ  dividing an 
assessment into 
two subtests of 
equal 
scores/equal 
difficulty 
 
¶  tracker items 
(same items) 
across 
assessments 

Reliability of CS [N=6] 
€  RMSE – SEM of CS 
across items x 
judges(JSS) 
 
¶ √ standard error of 
mean on CS (JSS) 
♦ comparing with mean 
scores  
 
⌂ splitting students in 2 
groups of similar scores 
Σ Consistency of 
decision/ results of 
standard setting methods 

[N=5] 
Feedback on 
procedures/results of 
methods 
 
¶ ≠ − ₤ 
survey pre/post 
method application 
 
†  Likert-scale 
 

€ Σ [N=2] 
correlation b/w item difficulty & judges’ 
estimations of difficulty (JSS) 

Ώ [N=1] 
used SEmea around fixed criterion- score 
zones for following student performance in 
future 

Θ [N=1] 
Evaluating assessment reliability with student 
ability- Rash model 

Evaluating difficulty [N=2] 
∆ Rash model- anchor items (same items) 
across assessments 
∞ calculating test effect/assessment 
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Studies Study Type 

Study Methodologies 

Comparison of SS Methods Other methodologies 

Statistical Descriptive Reliability Miscellaneous 

¥   Margolis et al ‘10 
∩ Shulruf et al ,15 

Empirical Evaluating student performance [N=3] 
 
µ Φ CDF graphs- centile scores with respect 
to percent scores on assessments 
 
∆     Rash model- student ability on 
assessments with respect to item difficulty 

Σ ω ∂ [N=3] 
Comparison with 
other sources 

Inter-rater reliability (JSS) 
[N=7] 
 
€ Σ ¶ * √ variations in 
judgments b/w judges 
 
⌂† agreement b/w judges 

Acceptability FR [N=2] 
 
¥ Survey-feedback 
stakeholders 
 
Φ FR <15% 

Ώ Hays et al ‘08 
¶  Schoeman ‘15 
₣  Shulruf et al ‘17 

Prospective- 
Cohort 

Φ Wright ‘16 
♦  Nabishah ’11 & ‘12 
∞ Muijtjens et al ‘98 

Retrospective- 
Cohort 

Studies are identified with a symbol and are linked to study type. CS- Cut Scores; FR- Failure Rate; CDF- Cumulative Distribution Function; SEM – standard error of 
measurement; N- number of studies 
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Table 3 Methodology of studies identifying as research parameters of standard setting methods 

VALIDITY 
Methodology of studies Application References 

1- TEST DIFFICULTY 

Assessments 

Test effect: It  is a measure of test difficulty, observed 

through the percentage of correct to incorrect 
responses per ass.t 

-High test effect on assessments = assessments of different 
difficulty. Applying two methods and observing for test effect for both 
methods on same assessment 
Large variations in failure rates- method did not account for 
test difficulty 

Muijtjens et.al 98 
 

Regression 
Analysis 

Measure of extent to which relationship between two 
variables can be described by a straight line; simple 
linear regression e.g., Pearson’s correlation & 
Kappa’s coefficient ;logistic regression 

-Applying regression analysis to observe relation between item 
difficulty (percentage correct for the item) with judges estimate of 
item difficulty (item judgment) for a method. 

Verhoeven  
et.al,99 & 02 
Pokrajac & Culo,94 
Schoeman,15 
Hess et al, 07 
Park et al,18 

CDF- Cumulative 
Distribution 
Function 

Is a plot of rank of each candidate against the marks 
they obtained, with the rank converted to percentiles 
in the group. The gradient of the plot is an indicator 
of the degree of discrimination of the test, with a 
steep line showing a narrow spread of results and a 
test which discriminates poorly (easy test) 

-Observed for performance of students on assessmnets; if inflection 
point (change in performance of students from rest of the group) on 
the gradient; NOT all students responding to the assessment in 
similar manner- validity of method threatened 

Taylor,11 
Wright,16 

2- CONSEQUENTIAL VALIDITY 

Standard Error of 
Measurement 
(SEM) 

It is the amount of variation or spread of 
measurement errors in a test. add and reduce 
around the cut score- band of region-borderline 
zone of student scores 

-Observed for rate of failure to progress or withdrawal from course 
after re-sit- examinee that were unsuccessful 
-Observed for success (pass in future assessments) for students 
granted pass in a borderline range 
Prediction of student outcomes 

Hays et.al,08 
Shulruf et al,17 

3- COMPARISON TO OTHER METHODS 

Percentage 
Agreement/ Kappa 
Coefficient 

It is the measure of level of agreement, that is, 
proportion of responses in which the results (either 
pass rates or failure rates) of the cut scores agreed. 
Kappa’s coefficient also considers agreement by 
chance (more stringent) 

-Observing for agreement between the cut scores results from two 
or more methods. High agreement between two methods, cut 
scores for assessment are valid 

Hess et.al,07 
Park et. al,18 
Yim,18 
Violato et. al,03 
Elfaki & Salih,15 
George et al,06 
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Descriptive  & 
statistical 
comparison (Chi 
square test, etc) 

Visual or statistical comparison using central 
tendency (mean/median) and spread statistics (SD/ 
range) 

-Cut scores or results observed for similarity; 
similar results b/w two/more methods; methods gave results 
with more than one source of verification= valid results 

Ricketts et.al09 
Roudsari,16 
Mohamad et.al,12 
Cohen & CPM 10 
Yousef et al,17 
Pepple,14 
Schindler et.al 07 
Kamal et al,18 

VALIDITY 

Methodology of studies Application References 

4- COMPARISON TO OTHER SOURCES 

External 
Reference group 

Candidates who have achieved the performance 
standards and can be used as reference for mean-
derived methods 
 

-Used external referenced cut scores to compare mean-derived cut 
scores on same assessment 
The cut scores from the external reference group provided 
reference for minimum level of performance required for the 
assessment. 
Similarity in cut scores = method gave valid cut scores 

Ricketts et. al, 09 
Linn et. al, 13 

IRT-1PL model 

A psychometric approach to assessing quality of 
items on tests based on the assumption that the test 
is measuring a single underlying latent trait (e.g. 
clinical knowledge it. 
Produces an estimate for each person of their ability, 
and for each item its difficulty. These estimates are 
all on the same interval-level scale 

-Performed item quality analysis and student ability to observe 
whether or not assessmnets were able to decimate among 
examinees  
Validating cut scores with assessments’ ability to discriminate 
among students of varying abilities  

Severo et. al 12 

 
Oral examinations- assessments that assess 
knowledge, same as written assessments 

-Comparing the cut scores on written assessment with cut scores on 
another form of  assessment – correlation in cut scores b/w diff. 
forms of assessment  

Pokrajac & Culo  
94 

5- SENSITIVTY AND SPECIFICITY 

Simulation/Board 
of examiners 
decision 

Using simulation study or board of examiners’ 
decision as a final cut score to classify the 
examinees into a four-grid classification error 
possibility 

-Method(s) that gave high sensitivity; ability to detect false-negative 
candidates and high specificity; ability to detect true-positive= high 
validity  

Shulruf et. al, 17 
Shulruf et. al, 15 
Burch & Norman 09 
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RELIABILITY 
Methodology of studies Application References 

1- CONSISTENCY OF CUT SCORES  

Measurement errors 
Root Mean Square Error aggregates the magnitudes 
of errors in a single measure of accuracy 
Standard Error random error of a score 

Calculating measurement errors using different statistical models 
Small measurement error = consistent cut score 

Verhoeven et al,99 
02 
Schoeman,15 

Rasch Analysis 

Type of 1-PL(one-parameter logistic) model of Item 
Response Theory. A psychometric approach to 
assessing quality of items on tests based on the 
assumption that the test is measuring a single 
underlying latent trait (e.g. clinical knowledge it. 
Produces an estimate for each person of their ability, 
and for each item its difficulty. These estimates are all 
on the same interval-level scale. 

-Using anchor item; (same items) established test difficulty across 
cohorts- expressed in logits(scale of measurement-IRT).Established 
assessment difficulty compared with cut scores (logits) across same 
assessments. 
. similar difficulty gave similar cut scores=method’s predicted item 
difficulty 
-Student ability against item difficulty calculated as mean logit ability 
scores (of students) for the (two) cohorts to determine difference in 
student cohorts. Compared student ability (on both) cohorts with 
assessment difficulty. Methods using student’s ability to predict 
assessment difficulty did not give similar cut scores across 
assessment of similar difficulty= methods could not predict 
assessment difficulty 

Homer & Darling, 16 

ICC-Intra-class 
coefficient/Kappa’s 
coefficient 

ICC-It is a statistical measure of variance in the 
judgements b/w the judges; between-subject variability 
Kappa- % agreement by chance 

consistency/variability in judgments between the judges for a JSS 
method 
inter-rater reliability 

George et al, 06 
Hess et al 07  
Yim, 18 

Assessments 
-Using same items across different ass. making them of 
comparable diff= comparable ass. 
 

-Applying same SS method on comparable assessment 
Cut scores similar in assessment = consistency of cut scores 

Pokrajac & Culo, 94 
Schoeman,15 
Hess et.al,07 

2- CONSISTENCY OF DECISIONS 

Assessments 

Subtest: Converting a single assessment into several 
subtests; each subtest will have different difficulty, 
however, originating from primary assessment, allowing 
tests to become comparable  

Applying same standard setting method on different subtests or tracker 
items and the original ass. 
Failure rates similar across ass. of diff. difficulty= method is 
consistent in decisions  

Pokrajac & Culo, 94 

Kappa’s coefficient 
Splitting an examinee population into samples each 
population performance was similar in terms of scores 
creating two examinee population of equal performance 

Consistency of a cut scores b/w 2 examinee groups of similar 
performance for a method= method able to give reliable cut scores 

Hess et al 07 

Pearson’s 
correlations  

Level of agreement b/w two variables on a scale 
Test-retest reliability: application of same method on the same test 
Method gives same results on both applications= method is reliable 

George et al, 06 
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OTHER PARAMETERS 
Methodology of studies Application References 

Survey responses 
Open ended question/ targeted questions/ Likert-
scale evaluation of questions from stakeholders/ 
judges 

Stakeholders feedback pre/post method application on procedural 
evaluation of methods 

Schoeman, 15 
Yim, 18 
Park et. al,18 
Kamal et al, 18 
Schindler et. al, 07 

Failure rate acceptability of method(s) through large-scale survey 
from stakeholders capable of forming opinions about student results 
based on professional practice requirements 

Margolis et al 10 

Failure rate Subjective decision of acceptability of failure rate Failure rate acceptable if less than 15% in medical schools Wright 16 

Time   Calculated time/method; feasibility of method Linn et al, 13 

Procedural 
evaluation 

Objective & explicit evaluation of the procedures 
applied while performing the SS exercise and 
providing evidence of transparency of methods 

Subjective descriptions of characteristics of SS panels and/or 
description of theoretical/ logical underpinning for use of a method. 
Provided evidence of procedural validity for a method 

Schoeman 15 
Schindler et. al, 07 
Yim, 18 
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i) Fixed Criterion 

The fixed criterion was identified as a test-centred method and was used as institutional 

policy in following with national or international practices of a pre-determined fixed 

criterion.35,83,87 It was also called ad-hoc, arbitrary or pre-fixed criterion in the 

literature.35,61,66-68,82-84,87,115,119-121,139,140 Different fixed criteria were used depending upon 

the policy; 50%,39,67,84,120 54%65 and 60%.35,68,115,119,139 In some studies the fixed criterion 

was determined by taking the mean of past cut scores (cut score mean minus one standard 

deviation).82,83,87 

Inherent in its fixed nature, the method failed to vary with test difficulty translating into 

variation in failure rates.35,39,83,84 Most of these observations were made from substantial 

number of assessments; ranging across academic years, from four84 up to eight or nine years 

of historical assessment data.35,83 In an undergraduate program, an average variation of 

9.9% standard deviation (SD) was reported across the four academic years (SD=7.6- 

17.5%).84 In studies comparing different methods, the resulting cut scores were often 

substantially different from the fixed criterion,65,67,82,83,87,119,121,139 though, the reason for 

this difference was not always researched.121,139 Muijtjens et al,83 attributed the large 

differences in standard setting outcomes between fixed criterion and other methods as a 

function of varying test difficulty. In using the fixed criterion, 6% of outcome change was 

observed in the assessments that were previously standard set using a norm-referenced 

method. The variation in failure rates for this method ranged from 2.5-50%.83 Test effect 
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was statistically used to measure test difficulty. A test effect of more than ±4% was reported 

across the individual assessments indicating considerable difference in test difficulty.83 

The evidence of similarity in cut scores or results was highly conflicting for the fixed 

criterion. It gave different results compared to other standard setting methods in most of 

the studies. Most of these comparisons were established against JSS methods or norm-

referenced methods.35,39,65,82-84,87,119,120,139 In some studies, the fixed criterion failed up to 

twice or more the students than other methods.35,82,87,119 There was evidence of 50- 60% of 

the cohort failing from the use of fixed criterion.83,84 Verhoeven et al, reported a 55% failure 

rate compared to a 7% from a JSS method in an assessment.87 Pokrajac and Culo,65 reported 

10% higher failure rates than the corresponding JSS method. One study evaluated 

differences in the cut scores against two different JSS methods. The cut scores from the 

JSS methods were 5% higher than the fixed criterion, although the impact on the results 

was not reported.139 The study was conducted on assessments across three cohorts; in the 

author’s personal opinion this difference in cut scores is meaningful. 

Only three studies reported similarity in outcomes of the fixed criterion with other methods. 

In a study on integrated assessments, three methods were compared against the fixed 

criterion, of which two were JSS. The cut scores set by JSS methods were significantly 

different but the failure rates across assessments were similar for all the methods.66,67 The 

assessment difficulty observed through the spread of mean scores, did not seem to impact 

the standard setting results, suggesting that the assessments were at the difficulty level of 
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the fixed criterion.67 In another study the outcomes were compared for similarity in 

decisions for pass/fail, honours and distinction for students; (Fixed criterion ≥50% pass, 

>65% honours, >75% distinction). Statistical significance of median scores (student scores 

above the cut scores) for both the fixed criterion and a JSS method were compared using 

Chi square tests with p<0.05 indicating significant difference. The median scores of 

students falling in pass/fail, honours and distinction for the two methods were not 

significantly different in half of the assessment modules (p=0.06 and p=0.09). The overall 

pass, honours, distinction and failure rates between the two methods remained similar.120 

Yim also reported a high degree of agreement in the results (pass rate) when comparing 

fixed criterion with other JSS methods (Cohen’s kappa= 0.873 and 0.84).115 One study 

reported the consequential validity of the fixed criterion method. The outcome decisions 

were determined using statistical adjustment of adding and subtracting ±1SEM (standard 

error of measurement) around the fixed cut score, determining a zone of borderline scores. 

The progress of students lying in this zone was measured as failure in re-sit examinations 

or withdrawal from the course across all the academic years, see Table 3. The consequential 

validity of using SEM around the fixed criterion generated the outcomes as predicted by 

the range of cut scores; students falling within 1-2, 2-3 and >3SEM below the fixed 

criterion. Those students lying within ±1 SEM were more successful (only 19% 

failed/withdrew from the course, compared to 75%, 60% and 100% failure/withdrawal) 

than those falling below 1-2, 2-3 and >3SEM, respectively, with substantial differences in 
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the outcomes of those lying within 1SEM around the fixed criterion. This study highlighted 

the importance of using SEM for identification of borderline students that may benefit from 

adequate measures of re-mediation with preservation of valuable institutional resources. 

The acceptability of failure rates for this method was low and was reported as substantially 

large and highly variable failure rates that were regarded as ‘unacceptable’ by various 

authors within their institutions.35,82-84,87 There was limited evidence on procedural 

evaluation of fixed criterion in the literature. Apart from two studies where authors 

determined the fixed criterion (past mean cut scores),82,83 the rest of the studies involved 

using of the fixed criteria were derived as either, institutional35,39,65,67,84,115,119,121 or national 

policy.35,120,139 One study used failure above 15% as an unofficial indicator of high failure 

rates from any method including the fixed criterion. Up to 26% of the assessments across 

four academic years, gave a failure of above 15%, with maximum going up to 60% in a 

cohort.84 

The cost and burden of using a fixed criterion was reported in one study comparing students 

performances on two different medical schools. The authors revealed that the school using 

fixed criterion gave exceptionally high failure rates compared to the norm-referenced 

method, despite similar performance of students on end-of-graduation outcome 

assessments for both schools. The amount of time and resources spent in re-assessing 

students that failed from the fixed criterion were subjectively presented. Cohen and van der 
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Vleuten,35 pointed out that the resources and efforts directed at re-examinations were 

substantially high, in addition, prolonging a year till graduation (for failing students). 

ii) Regression Analysis 

Regression analysis was used only once in the written assessments literature. The method 

determined cut scores from mathematical equations derived using the Angoff method.64 In 

the Angoff method, the judges estimate the possibility of a borderline candidate in 

answering an item correctly based on an estimate of item difficulty. The sum of all estimates 

per item are added for each judge (item judgment) and is averaged across the items to give 

cut scores. 

The Angoff method was used to set cut scores across three different assessments using three 

separate expert panels, in an undergraduate institute. The assessments were evaluated for 

item difficulty and item discrimination indices and scatter plots were generated with the 

application of regression analysis, to generate corresponding regression curves. The Angoff 

item judgments and reliability of assessments were incorporated in the regression curves 

through statistical procedures to give two mathematical equations/ cut score calculations. 

Stcubic= xcfit = -0.22 + 0.21*Chα; 

Stquad= xqfit = -0.24 + 0.24*Cha 

The Chα in the equations represent index of reliability on the assessments; the Cronbach’s 

alpha, Stcubic and Stquad represent the regression curve values derived from the Angoff cut 
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scores. The cut scores generated from the equations were compared against the Angoff cut 

scores on the three assessments used in their initial calculation. The failure rates from the 

regression equations were similar to the Angoff method. The equations were further 

validated on the assessment data of previous Angoff-set standard setting results. The two 

equations generated higher failure rates in assessments with zero failures in the past. The 

Stcubic failed 8% students in one assessment and zero in the other, whereas, the Stquad failed 

8% and 6% students in two assessments. On visual inspection, the results were similar, 

although a statistical comparison of the results would have presented a more conclusive 

evidence in support of the methods. 

Several statistical challenges were reported while incorporating the reliability indices in the 

regression equations.64 Low correlations were observed between item difficulty indices and 

Angoff item judgments that resulted in required statistical adjustments to fit the regression 

model. An important criticism of the method is that the equations derived in the study were 

specific for the institute of this study as they were based on the assessments and reliability 

indices specific to the institution. The statistical calculations of cut scores for this method 

would be different for individual institutions, depending upon the training, calibration and 

cohorts of students on different curriculums.64 The calculation of regression equations 

would require a large assessment sample with a minimum of one year assessment data for 

appropriate statistical testing of the method(s).64 Once calculated, the equations could be 

used for the same format of assessments and curriculum over the years. 
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iii) Cluster Analysis  

The Cluster Analysis (CA) method was used in two of the studies reviewed in the literature. 

The method was used to categorise assessment scores mathematically into two 

homogenous groups (clusters) of high scores (high proficiency) and low scores (low 

proficiency). The method was an examinee-centred, as it categorised the examinee scores 

rather than assessment items. 

The CA method used in both the studies was K-mean method105,114 in which each cluster 

of similar proficiency was ordered by a priori grouping; post specification of the number 

of clusters required and the priori-set. The assessment scores would assign to each centroid 

cluster, mathematically calculated by the sum of squared differences over all the 

measurements.105,114 Simply put, the assessment scores were compared to each group and 

classified into the cluster to which they were most similar. 

Violato et al,114 ordered priori grouping at 0.02, with minimum score variance within a 

cluster group and maximum variance between the cluster groups, using a range of 109-114 

between the lower and higher proficiency groups for written assessments.114 Hess et al, 

used a convergence criterion of a maximum distance change of less than .001 followed by 

logistic regression analysis with a probability of 0.5 (50%) of falling in either proficiency 

groups for determining cut scores.105 

Both the studies compared CA method with test-centred JSS method(s), with high 

similarity in results; percentage agreement above 80% in both the studies.105,114 
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Hess et al, used a large group of examinees (n=625) on a credentialing examination and 

converted that into two samples of similar examinee scores. He used one sample to validate 

the other to evaluate the consistency of cut scores from the CA method. The consistency of 

cut scores on both the samples was moderate, with similar failure rates; 20.6 and 24.8% 

and 21% and 27.6% across the assessment assessing two different constructs.105 

The methods were evaluated against JSS methods as being more objective, as the cut scores 

were derived through sophisticated iterative process of assigning scores (mathematically) 

to assigned clusters. The methods lacked in subjective judgments on item difficulty 

estimates and yielded criterion-referenced cut scores, that was regarded as an important 

characteristics in high-stakes credentialing examinations in both the studies.105,114 

iv) Borderline Method 

This method was proposed by Mohammad et al,67 in 2012 as a modified version of the 

Borderline Method (BL) used in performance assessments; OSCEs, where the mean scores 

of borderline students determined through holistic evaluation of all examinees are used to 

determine cut score. Based on this concept, the method was devised to determine cut scores 

from a zone of scores called as borderline zone, in which uncertainty lies in the decisions 

of pass/fail. The borderline zone was arbitrarily determined to lie between 47.5-52.4% 

scores, with the mean scores of students falling in this range used as cut scores.67 Only one 

study was available for review on this method67 in which the evaluation of BL method was 
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performed by comparison against assessment mean scores and other standard setting 

methods. 

The method was compared against the assessment mean scores to reveal that the variations 

in BL cut scores were negligible across the assessments. Since, the assessment sample was 

large, the stability in cut scores suggested that the borderline zone remained consistent 

across the assessments and was a valid source for deriving cut scores. Additionally, the 

failure rates across the assessments were similar to rest of the methods, with an exception 

described below. In comparison to the other methods; two JSS and a fixed criterion (50%), 

the cut scores for this method were similar to the fixed criterion, although, significantly 

different from JSS methods (p<0.05). Regardless, failure rates from all the methods were 

similar, except in a few assessments where the JSS failure rates were substantially high. 

(number of failures=36;7 for BL method and 88;22 by JSS methods on the two assessments; 

respectively). 

In procedural evaluation of the BL method, the authors faced challenges in determining the 

borderline zone on the assessment scores. An arbitrarily decided borderline zone was used 

for its feasibility and lack of statistical derivation.67 An additional limitation in objectivity 

of this method was observed in use of the same arbitrary range across all the assessments 

and by extension, two different cohorts. An alternative approach could have been to 

determine a borderline zone for individual assessments based on a holistic evaluation of 

student performance (score distribution) on individual assessments. This, however, would 
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have reduced the feasibility of this method as it was proposed as a feasible alternative to 

judgmental standard setting in integrated assessments; capable of deriving criterion-

referenced cut scores.67 

v) Objective Borderline Method 

The two types of Objective Borderline Methods (OBM) were proposed by Shulruf and 

colleagues; OBM and OBM2.61,62 The methods were derived through a sophisticated 

statistical model of notional probabilities that determined a cut score using scores lying in 

a range of borderline zone and the scores lying above and below this range (the clear pass 

and clear fail zones); on two separate occasions.61,62 The methods were examinee-centred 

criterion-referenced methods, as the borderline zone was determined through holistic 

judgment.61 

a. OBM 

The cut scores for the OBM were determined using the following formula; 

Cut score= (b/b+f)*(p/b+p) 

The p was defined as clear pass, f, a clear fail and b, as scores in the borderline zone. The 

notional probabilities of these proportions on two separate tests represented the probability 

of success in both the tests and were used as cut scores. Succinctly put, OBM uses the 

probability that a candidate would pass two conceptual tests in order to generate a cut-

score. The product of these probabilities was used as the cut score.61 
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The authors evaluated sensitivity and specificity of OBM cut scores in a simulation study 

against a fixed criterion with scores above the 50% deemed as competent, as part of 

simulation assumption. The cut scores generated by OBM (52.3%) gave a specificity of 0.8 

and a sensitivity of 0.5. The false positives at OBM cut score was 3.4%, that is, a small 

number of incompetent students passed the assessment. The false negative was 26%; 

competent students failing the assessment. Compared to the fixed criterion, when student 

ability was of higher order (within simulation), the specificity of the method was 

statistically higher than the fixed criterion (r=0.916, p<0.000).63 The size of the borderline 

zone had little impact on classification of examinees, reflecting on the consistency of the 

method; stability in generating cut scores. The method was effective in failing incompetent 

candidates; gave low false positives (3.4%), although also failed a large proportion of 

competent students. 

b. OBM2 

The OBM2 determined the probability of the examinee’s ability to be greater than or equal 

to the item difficulty on assessments, to be given a conceded pass.61 The index of 

probability is >0.5 and does not constitute a cut score.61 The predictive validity of OBM2 

was evaluated by comparing the performance of students granted concede pass with 

decisions of progress on two additional methods; the board of examiners decision and 

passing in all courses above 55%. The cut score for OBM2 was set at 50%. The board of 
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examiners were independent in granting decisions of pass/fail for those who fell within the 

borderline zone, based on holistic judgements on the examinees.61 

For thirty-one students lying in the borderline zone (45-54%),  the OBM2 was most 

stringent in its decision. The method minimised false negatives from 5 or 6 to only 1 

student, that passed in the subsequent year. The specificity of the method was 1.00 (95% 

CI 0.80-1.00). Like the OBM, the sensitivity of the method was low; 0.41 (95%  CI 0.25-

0.41). The criterion of 50% pass for all 6 courses had sensitivity of 0.71 (95% CI 0.53-0.76) 

and specificity of 0.93 (95% CI- 0.71-1.00) which gave more balanced classifications of 

students than OMB2 in terms of failing incompetent students and passing competent ones. 

The 50% method failed 5 false-negative; competent student and passed only 1 false-

positive; incompetent student. 

vi) Mean-derived Methods 

Mean-derived methods were grouped together to represent all the norm-referenced methods 

that derived cut scores using assessment mean scores.35,40,41,48,82 ,83,87,92,110,113,118 The most 

common of which was reducing one standard deviation below the mean (mean-

1SD)35,41,82,83,87,110,113,118 with different modifications in the subtraction of the standard 

deviation scores.41,92,110 In some studies, the cut scores in this category were derived on an 

external reference group, that comprised of a population of examinee/candidates with 

desired performance for the examinee population.40,41 
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The mean-derived methods exhibited large variations in cut scores across different 

assessments due to variation with assessments’ mean scores. The assessment mean scores 

were regarded as an indicator of assessment difficulty35,83 and varied substantially with 

resultant variation in the mean-derived cut score as 9.17% SD in a study across 52 

assessments.35 The variation with assessment difficulty was observed in stability in the 

failure rates observed across the assessments for this method, when test difficulty was 

proven to be in the order of  ±4 (test effect).83 

The method demonstrated variable evidence of agreement in comparison with other 

methods. In comparison with JSS methods, the results were substantially different, with no 

similarity in results to substantially high agreement in cut scores or failure rates between 

the methods. The percentage agreement between a JSS method and mean-1SD method were 

78% (95% CI 69-87%) when the JSS method demonstrated moderate indices of test-retest 

reliability (Pearson’s correlations; 0.66, 0.74 and 0.59 for the three judges repeating the 

standard setting exercise). The inter-rater consistency for the JSS method were high too in 

this study (ICC; 0.82 and 0.81) across the phases of discussions during the JSS exercise.110 

In a study by Verhoeven et al,82 the cut scores from mean-1SD and JSS method were also 

substantially different, with a failure rate per method of 10.1% and 56.5%, respectively. 

However, in this study, the consistency of cut scores by JSS method was low; with 1.5% 

variance associated with the judges and 62.8% of variance associated within the items, 

reflecting large differences in item difficulty within assessments. The consistency of cut 
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scores calculated using RMSE was 0.87.82 Elfaki and Salih,118 also reported a substantially 

low percentage agreement; 36%(95% CI; 36-81%), with the mean-derived method passing 

88% of the students in comparison against a JSS method (pass rate=39%) in a final year 

medical school assessment. Further evidence of evaluation of JSS cut scores was not 

documented in the study. 

Only one study reported similarity in cut scores against a JSS method. In a study by 

Verhoeven et al,82 the mean-derived method and JSS method using a panel of recent 

medical graduates, gave similar results with failure rates 10.1% and 7.2%, respectively. 

The reliability of JSS cut scores was moderate; RMSE-0.87 (the closer to 1, the higher the 

reliability). The inter-rater consistency was observed as degree of variance in the item 

judgments between the judges; 1.5% (low variance) and high Pearson’s correlation index; 

0.82, see Table 3. Studies comparing mean derived methods with other norm-referenced or 

compromised methods gave similar cut scores and results, due to incorporation of examinee 

performance data. In comparison of results against a compromise JSS method, the mean-

1SD gave similar failure rates with a difference of only two students between the two 

methods.92 The results of the comparison with other norm-referenced methods is described 

in the section on comparative studies. 

Two studies evaluated mean-derived cut scores against an external reference group. In a 

study by Linn et al,40 two types of mean-derived norm-referenced cut scores were used by 

the authors in addition to a JSS method. An external reference group comprising of medical 
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specialists were used to determine cut scores on assessments of clinical reasoning in the 

context of uncertainness; Script Concordance Tests. The mean scores from the external 

reference group was used to set cut scores for two different cohorts; second- and third-year 

medical students using the formula; mean-2.5SD and mean-3SD respectively. The cut 

scores from the cohort performances were set by scaling mean scores on assessments to 

60% and setting cut scores at 50%; the year two and year three cut scores. The results from 

the external reference group and student cut scores were similar for the second-year group 

(9.8% and 8%, respectively) but substantially different for the third-year group (2.1% and 

7.6%, respectively). The failure rates from JSS method for both the year group was 8% 

(year two) and 3.5%9year three), suggesting that the external reference group cut scores 

were similar to the student scores and JSS method for year two cohort only.40 

In another study by Ricketts et al,41 the mean-derived cut scores set on graduation 

assessments were validated through multiple sources including an external reference group 

of recent medical graduates within a few months  post-graduation and statistical prediction 

of cut scores from previous cut scores using linear regression.41 The cut scores set by the 

two external sources were similar; 42.5% and 41.1% respectively and matched the mean-

derived cut scores of the student cohort. An important point of distinction in this study were 

the type of assessments used for the statistical prediction of cut scores through linear 

regression method. The Progress Tests (PT) are vertically integrated assessments that are 

administered to all students across all cohorts with learning outcome representing outcomes 
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desired at the end of graduation from medical schools. Hence, the past assessment 

performance could be successfully used to predict future performance of students in this 

study; student mean scores increased 2.5% per assessment, continuously. 

The failure rates from these methods were lower than most of the methods against which it 

was compared,35,82,83,87,118 although, the failure rate was fixed for all the assessments 

regardless of the type or difficulty of the assessments.35,83,118 In evaluation of procedures 

of standard setting against JSS methods, mean-derived method was described by several 

authors as being chosen for being a common practice.40,110. 

The choice of using mean-derived methods in the studies was based on its feasibility in 

application compared to any resource intensive method,35,110,118 along with its ability to 

vary with assessment mean scores (test difficulty).35,41,82,83,87,110 In assessments such as PT, 

with substantial differences in difficulty of items calculated through analysis of variance 

between the items; 82%,87 the mean-1SD method was preferred over JSS (and fixed) 

methods.82,87 On the other hand, in licensure examinations, Schindler et al,92 preferred JSS 

(compromise) method over mean-1SD, due to a fixed failure rate resulting from the method. 

The evidence of this was collected through feedback from the standard setters in their 

study.92 

vii) Cohen Method 

The Cohen method and its modification were used in five studies in the literature review. 

The method(s) were applied to undergraduate/postgraduate assessments35,39,84,85 as well as 
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licensure examinations.86 The original Cohen method was derived mathematically using 

95th centile scores on an assessment with an external criterion of 60% corrected for guessing 

on assessments.35 The correction for guessing was suggested by the authors to increase the 

stringency of cut scores and eliminate the element of guessing, usually employed by 

students in objective assessments.35 A modification of this method was proposed by 

Taylor,39 by calculating the external criterion using a JSS method that would equate the 

method’s cut scores with the JSS method (Angoff method) cut scores in the local setting of 

her study. The criterion, also known as multiplier, was calculated to be 0.65. The centile 

score was reduced to 90th centile, based on the consistency of performance of students 

(within a cohort) in the assessments. Some modification in the use of multiplier was 

observed in the thesis by Schoeman, who used a 0.65 multiplier for the original Cohen 

method 95th centile scores with correction for guessing.86 Both the Cohen method and its 

modification(s) were labelled as Cohen 90 and 95, based on the centile scores, for the ease 

of reference in reporting of results. 

In comparison to one another and the mean-derived method, the two Cohen methods, 90 

and 95 gave substantially similar cut scores and failure rates.84,85 Compared to JSS methods, 

the cut scores from the Cohen methods were substantially different. In one study, a 

modified Cohen method was applied on five cycles of assessments, including written and 

performance assessments, standardised by tracker items spread across individual 

assessments to make them comparable. The median cut scores from the Cohen method were 
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13% lower than the corresponding JSS method in objective assessments, though the results 

were similar across all the assessment types. The reliability of judges to predict item 

difficulty (for the JSS method) was found to be low; Pearson’s correlation of 0.37 

(p<0.001). The inter-rater reliability; Kappa coefficient was between 0.15-0.24 across the 

objective assessments and were significantly low.86 The median failure rates resulting from 

the Cohen method were nearly half of that JSS method (43% and 80%, respectively) with 

small variations (range=18.7% and 32.6%, respectively).86 

In contrast, another study evaluated the ability of Cohen method(s) to accurately predict 

assessment difficulty in cohorts of different abilities.85 When compared against a JSS 

method, the results were significantly different for both the methods, though the JSS 

method gave valid cut scores in this study. The authors used Rasch analysis (see Table 3) 

to evaluate difficulty on two separate assessments with tracker items also used in this study 

to make them comparable. The analysis revealed that the assessments were of equal 

difficulty and the student cohorts were of significantly different abilities. That is, the 

student cohort of 2015 would score 3.5% higher total scores than 2014 cohort. The cut 

scores from the JSS methods were statistically similar for both the cohorts; 2014 and 2015 

(55% and 55.6%, respectively), whereas, cut scores from both the Cohen methods were 

significantly different and substantially higher than the JSS method (Cohen 90= 72.4% and 

79.6%; Cohen 95= 76.9% and 81.7% for 2014 and 2015 cohorts respectively).85 
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The ability of the Cohen method to accurately predict assessment difficulty for different 

cohorts of varying performance, was also evaluated by Taylor39 and Wright.84 They 

observed the pattern of top centile scores distribution with respect to rest of the scores, 

using a Cumulative Distribution Function (CDF) graph, to evaluate the consistence of 

students’ performance within an assessment. That is, the top centile students (scores) 

responded to assessment’s difficulty similar to rest of the cohort, reflected in linear 

distribution of centile scores.39,84 Assessments with an inflection in the student score 

distribution suggested better performance of the top centile students on assessments. In 

such assessments the Cohen method gave spuriously high cut scores and failure rates.84 

Wright proposed a procedure for correction of cut scores when the higher centile scores 

deviated substantially from rest of the cohort.84 Using CDF graph, he projected a straight 

line intersect with the 90th/ 95th percentile points, for calculation of appropriate cut scores.84 

The application of this correction reduced the cut scores (and failure rates) on assessments 

with inflections.84 Additionally, a CDF gradient of 3.03-3.08 was calculated in a study 

applying Cohen 90 method to reveal that students at 90th would perform consistently for 

0.65 multiplier within this gradient range,39 As a steeper gradient indicates a less 

discriminating assessment, on gradient scores beyond 4 percentile point per score, the 

method would lose the ability to vary according to assessment difficulty.84 

The failure rates from this method were low compared to other methods.35,39,84,86 Wright84 

specifically reported failure rates of  <15% on assessments. Cohen 90 gave only failure 
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rates above 15% in only 4.5% of the 127 assessments in the study as compared to the fixed 

criterion that gave >15% failure rates in 26% of the assessments. The failure rates from the 

Cohen 95 method were similar to Cohen 90 (>15% failure rate in 5.5% assessments). 

Schoeman86 evaluated procedural validity of Cohen method through explicit description of 

the theoretical and mathematical underpinning of the method. The author also explicitly 

described the reason for modifying the multiplier for his study. He evaluated transparency 

of the Cohen method through feedback from the credentialing committee through their ease 

in understanding of the standard setting procedure. The method was also deemed highly 

feasible and suitable for continued use (sustainable) in credentialing examinations through 

the pre-and post-standard setting method surveys. 

viii) Adjustment Techniques 

The adjustment techniques were mathematical or statistical calculations applied post 

standard setting process, to adjust an existing cut score. There were two techniques used in 

the literature. 

a. Standard Error of Measurement 

Standard Error of Measurement (SEM) was used in two studies for different uses. As it is 

the amount of variation in the spread of the measurement errors around an observed score, 

it was used by Hays and colleagues to determine zones of student scores around the cut 

score where the uncertainty of pass and fail decision is maximum. The authors used the 

SEM to observe the progress of students lying within different zones of SEM for observing 
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their performance in future assessments. The results of the failures in the future assessments 

corresponded to the magnitude of SEM in the future performance of students, providing 

evidence of precision of cut scores.68,85 

Homer and Darling, used SEM as a tool for increasing reliability of cut scores by adding 

twice the SEM to JSS method cut scores, as calculation of SEM depends on the reliability 

of an assessment.85 By increasing the cut scores using SEM, the authors reduced the 

classification errors of a standard setting method.85 

b. Curvilinear Plot 

Curvilinear plot was a statistical technique used in a study to convert letter graded 

examinations into numerical expression of performance standards, that is, cut scores.109 

The technique was applied in a postgraduate licensure examination, where the examination 

committee headed the decisions of pass/fail, depending upon number of fails, graded as 

letter ‘F’ per written assessments. 

The letter cut score were calculated statistically on a curvilinear plot with cumulative 

percentage-candidates plotted on X-axis and letter grades converted to mean scores; on y-

axis. Each letter grade was assigned a value to convert into scores; Fail=1, Unsatisfactory=2 

et cetera. The percentage candidates failing different assessment components based on the 

examination committee decisions were plotted on Y-axis. The point on the x-axis at which 

this line intersected the curve was defined as the cut point for the examination. The cut 

point value read off the X-axis were represented as a score out of five. The numerical cut 
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scores from this technique were verified by using an examinee centred JSS method, that 

uses a similar plot in reaching cut scores. The cut scores determined by both the method 

were similar, with 2.5 determined as the final cut score on the assessment data, based on 

sensitivity of 83.7% and specificity of 82.8. 

3.3.3 COMPARISION OF NON-JUDGMENTAL METHODS 

There were seven studies in which more than one NJSS method were used. The methods 

included, fixed criterion, mean-1SD method, Cohen methods and BL method. The study 

comparing BL method with the fixed criterion has already been discussed under individual 

methods. 

The results from studies comparing fixed criterion with mean-derived methods reveal that 

the two methods were on opposite end of the spectrum in accounting for test difficulty. 

There were four studies in the literature comparing fixed criterion with mean-derived 

method; mean-SD, with substantial differences in the results.35,82,83,87 The mean-1SD 

method varied with the assessments, demonstrated in large standard deviations of cut 

scores, whereas, the fixed method demonstrated large variation in failure rates, resulting 

from assessments with variable difficulties. The observations were made in retrospective 

assessments from previous 8-9 years in two studies.35,83 

In applying the Cohen method on assessments standard set using both fixed and mean-

derived methods, variations of cut scores and failure rates were smaller for Cohen method.35 
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The mean cut scores for Cohen method were similar to mean-1SD method in the only study 

comparing the two methods.35 In four studies comparing a fixed criterion, the Cohen 

method(s) always gave smaller failure rates35,39,84,86 with lower variations.35,39,86 The 

difference in failure rates between the two methods was as large as 14% in one study.86
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Table 4: Evaluation tools for assessing quality measures of standard setting methods. 

EVALUATION TOOLS DESCRIPTION PARAMETERS RESEARCHED QUALITY MEASURES 

Correlations between predicted and 
actual difficulty of assessments 

A method should be able to predict test 
difficulty either through candidate performance 
or judgments on items. 
Comparison to assessment mean scores 
indirectly source to assess test difficulty. 

Validity 

CREDIBILITY 

 Consequential validity 
Decisions of progress for students should align 
with the future performance of the students  

Comparison to other methods 
Relationship b/w cut scores or results with 
another method provides evidence of validity of 
cut scores. 

Comparison to other sources of 
information 

Comparison and alignment of candidate 
performance with an external source relevant to 
the assessments 

Classification of examinees  
A method sensitive and specific to give low 
classification errors (false-positive and false-
negative) 

Consistency of cut scores for a 
method 
 

Methods generating consistent/similar cut 
scores for the same method across comparable 
assessments. 
JSS methods: Consistency of the judgments 
between judges involved in the process of 
standard setting; inter-rater reliability. 
Consistency of the judgments within a judge 
involved in the process of standard setting; 
intra-rater reliability. 

Reliability 
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Consistency of decisions 
A method generating consistent decisions of 
pass or fail (rate) across comparable 
assessments is a reliable method. 

EVALUATION TOOLS DESCRIPTION PARAMETERS RESEARCHED QUALITY MEASURES 

Objectivity and explicitness of 
methods 

Sound methodology and rationale for methods; 
technical evidence to support a method with 
sound theoretical or mathematical 
underpinning/ formulae 
 

Procedural validity 

ACCEPTABILITY 
Transparency  

Accessibility of information to stakeholders; 
ease in explaining methods to stakeholders 

Acceptability of failure rate 

a method satisfying the expectations of an 
experienced population highly capable of 
forming educated opinions on the outcomes of 
assessment; realistic failure rates  

Failure rate 

Criterion-referenced/absolute cut 
scores 

Produces cut scores based on abilities rather 
than comparison of student performance 

Absolute Cut scores CRITERION-REFERENCED 

-Resources, statistical expertise, time 
requirements 

Time, cost and resource efficient. 
Ease in understanding, implementation & 
interpretation of a method 

Time/Resources/ 
Transparency 

FEASIBILITY 

-Survey/ feedback from stakeholders/ 
standard setters/policy makers 

continued use of a method in its local context 
assessed through feedback from stakeholders 

Feedback SUSTAINABILITY 

Adapted from (Schoeman, 2015; p.103)122 
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3.4 DISCUSSION 

The evidence of credibility of standard setting methods lie in the ability to give appropriate 

cut scores with respect to assessments difficulty. Since, the NJSS methods identified in the 

literature rely on examinee performance (except the fixed criterion), this evidence of 

credibility is provided through comparison with other methods. In most of the studies, 

credibility of the NJSS methods was evaluated through comparisons against JSS method(s). 

The JSS methods were evaluated on the validity of their cut scores by assessing ability of 

the judges to predict item difficulty on assessments and the reliability of their judgments. 

Several statistical models were applied to assess these parameters, see Table 3, though all 

included evaluating relationship between items and judges.65,82,87,110,113,115 Similarly, 

explicit evidence of procedural validity was provided to establish credibility of JSS 

methods against which NJSS results could be compared. The authors collected direct 

evidence of procedural validity, feasibility and sustainability of methods through feedback, 

surveys and open ended-questionnaires from judges involved in the 

process.40,82,87,92,110,115,119,121 Except in a few studies where subjectivity of the JSS methods 

were criticised,61,62 the JSS methods were mostly evaluated for credibility in comparison 

studies.40,65-67,92,105,109,110,113-115,118-120,139 

In the studies using retrospective assessments, comparing NJSS methods; fixed criterion, 

mean-derived methods, Cohen methods and BL method; indirect evidence of prediction of 
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assessment difficulty was observed through assessment mean scores35,67 and method’s 

failure rates.35,39,84 Since, these studies were mostly conducted with large-scale assessment 

data, the statistical challenge of reduced sampling was overcome, additionally, large 

sampling of real-time data provided evidence of generalisability of the results. 

The stability of cut scores across the assessments was an important characteristic observed 

for the methods in these studies, as they related to the consistence in performance of the 

examinee group/ reference group that generated cut scores. The mean-derived methods rely 

on performance of the entire cohort, whereas, the Cohen methods and BL method rely on 

a top performing students35,39 or borderline students’ zone, respectively.61,62,67 These 

methods were therefore, specifically evaluated for the stability of their cut scores.35,67 The 

decrease in variation in failure rates for a method, specifically against a fixed criterion was 

used to evaluate the methods’ ability to account for test difficulty, as the fixed criterion 

itself cannot vary with assessments’ difficulties resulting in large failure rate variations. 

These inferences were drawn for the Cohen method in several studies against fixed 

criterion.35,39,84 Muijtjens et al, measured the test difficulty through test effect, to establish 

that assessments were of different difficulties. The variation in failure rates were observed 

for the fixed criterion as an evaluation of its credibility.83 

An additional tool, the CDF graphs were used in two studies to observe the distribution of 

student scores in top centiles with respect to rest of the cohort. The slope of the graph 

provided evidence of assessments difficulty. In discriminating assessments (difficult), the 
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cut scores would be lower if the top centile scores were linearly distributed with respect to 

rest of the scores.39,84 

Shulruf et al,62 used another statistical approach in comparing two NJSS methods. They 

estimated ability of OBM in classification of examinees through a simulation study and 

established sensitivity and specificity of the method, along with consistency of the 

borderline zone (in generating cut scores). The OBM relied on performance of specific 

range of student performances; the borderline zone, for generating cut scores. However, the 

simulation methodology requires substantial statistical skills that limits its application and 

was not employed in any other study. 

In the discussion above it is evident that since a direct estimation of test difficulty for NJSS 

methods is improbable, the most common evaluation of NJSS methods’ credibility was 

through comparison with other methods. Therefore, additional evidence in comparison with 

other sources was provided by some authors. Schoeman,86 evaluated validity of Cohen 

method through comparison of Cohen-set cut scores on five cycles of assessments with the 

cut scores set on tracker items used within the assessments.86 Some authors used external-

referenced cut scores to validate the mean-derived methods.40,41 The external-reference is 

a type of norm-referencing, although the advantage of external referencing is that cut scores 

from a population that has already achieved the performance standard, such as partitioning 

professionals40 or graduate students 41 provides a more objective source of criterion than 

generating cut scores through subtracting score distribution from mean. The evidence for 
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reliability of NJSS methods was provided in only three studies.65,85,105 Most of the authors 

assessed reliabilities of the corresponding JSS methods, see Table 3. 

Through ensuring comparability of different assessments, consistency of the method in 

generating cut scores was evaluated.85 Another approach involved splitting of an 

assessment into two, theoretically creating two assessments of comparable difficulty.65,105 

A fixed criterion along with a JSS method were observed for consistency of decisions.65 

Comparable assessments were a pre-requisite for the NJSS methods reviewed in the 

literature, as except for the two test-centred methods the rest were dependent on examinee 

performance that would change with every assessment. Most of the studies involved 

retrospective assessment data, the reliability of the NJSS methods was not assessed most 

likely due to involvement of multiple assessments that would deem application of the 

procedures above, logistically difficult. Additionally, using similar items/trackers items can 

be utilised in prospective studies only. 

Collection of evidence for procedural validity, feasibility and sustainability for NJSS 

methods was also observed only in Schoeman’s study.86 The evaluation of feasibility in 

terms of time associated with NJSS standard setting process has only been described twice, 

once from collection of data from stakeholders of a credentialing committee (Cohen 

method)86 and once as an estimate of the time involved in conducting standard setting 

process (mean-derived method) by the authors.40 In most of the studies an indirect form of 

feedback, from observation and/or evaluation of situations, such as, significant number of 
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students failing from a method that relates to the resources, et cetera has been provided by 

the authors.35 Similarly, resources required or challenges encountered during the standard 

setting process provides indirect feedback to the stakeholders involved in the process.67 Yet 

almost half of the researchers in this review commented on the need for a feasible method 

and more than half of the literature is full of methods that are only supported by the quality 

of feasibility, and are yet in use.84,86 

 Literature Review Objective i) 

The literature review was conducted to identify and describe the characteristics of NJSS 

methods. Based on discussion and results of the literature review, following inference were 

drawn for the NJSS methods, fulfilling the first objective of this chapter 

i) Regression Analysis 

The method rated low on all quality measures of standard setting. The evidence of 

credibility for this method was weak based on a small assessment sample. Additionally, 

several technical considerations were required in the formulation and application of the 

method. 

ii) Fixed Criterion 

The fixed criterion was a test-centred method based on holistic evaluation of assessments’ 

difficulty which implied that assessments should assess mastery at the level of the fixed 

criterion. However, such was not the case as assessments difficulty varied in all the studies 
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and the method gave large variations in failure rates.35,39,83,84,119 In some studies, results 

from the fixed criterion coincided with other methods, suggesting that the assessments were 

made according to the fixed criterion,67,115,120 though does not justify the credibility of this 

method.  

iii) Mean-derived Methods 

Mean-derived methods were categorised as methods relying on mean scores distribution to 

generate cut score. The method was fraught with issues of credibility and acceptability. 

Mean scores being inherently sensitive to outliers, could never accurately estimate test 

difficulty, seen in large standard deviation in the cut scores for this method.35 The cut score 

had to be set at a certain point on the scores distribution which, in addition, to being highly 

subjective,40 was also unfair as it always failed a fixed proportion of candidates.40,92,110 The 

fixed failure for the mean-derived methods could be avoided by outsourcing the method to 

an external group; external reference group. That is, the method could be used to set cut 

scores on an external group to utilise their cut scores on the group desiring standard 

setting.40,41 However, external referencing cannot be utilised in every assessment, simply 

due to reasons of feasibility; time, resources and manpower. 

Despite stating some inherent flaws, the mean-derived method’s ability in assessing test 

difficulty was observed in assessments with established differences in difficulty.82,83,87 The 

methods gave similar results with external sources41 and other standard setting methods 

that relied on assessment scores (examinee performance data); compromise methods92 and 
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Cohen methods.35 This finding is expected as these methods similarly rely on examinee 

scores for setting cut scores.35,40,41,92 The method demonstrated low acceptability due to 

dependence on examinee performance; low procedural validity.82,83,87,110,118 In addition a 

fixed proportion of students failing the examinations.35,40,65,83,84,110,118 Thus, in the absence 

of validation, the acceptability of a fixed failure rate is low to the stakeholders.35 

iv) Cohen Methods 

Cohen method(s) was defined as85p2 “modified norm-referenced approach with in-built 

adjustment for test difficulty.” The method demonstrated advantages over the mean-

derived method through its dependence on a proportion of examinee scores (top percentile),  

implying ability to generate stable cut scores.39,84,86 Additionally, the method overcame the 

fixed failure rates from the mean-derived method by anchoring the cut scores with an 

external criterion; the multiplier.  

Criticism of the method includes assumption that the top centile students would perform 

consistently in every assessment. The top centile scores would vary according to 

assessment difficulty, thus, in assessments of high difficulty would generate low cut scores 

and vice versa.39,84 The validation of this assumption holds key to the credibility of the 

Cohen method(s). 
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v) Methods Dependant on Borderline Scores 

These methods used distribution of student scores in the range of uncertainty; borderline 

zone to determine cut scores on assessments. The borderline zone was taken by authors as 

the student scores lying between a clearly competent level of ability and a clearly 

incompetent level of ability.61,63,67,68 The scores lying in this zone were hypothesised to 

arise from the combined effects of particular, momentary, unrepeatable and non-systematic 

factors on behalf of candidates’ performance unrelated to the attributes being assessed but 

affected the test scores; random error.61,63 

Three methods were identified utilising borderline zone; BL method, OBM and OBM2. All 

the methods have been studied once in written assessments in the literature to-date. The 

Borderline Method was easy to calculate and generated stable cut scores across the 

assessments,67although determining borderline zone in this method was arbitrary. 

Utilisation of SEM could be a valuable tool in removing the arbitrariness of selection of 

borderline range. SEM had proven to be valuable in predicting student outcomes.67 

However, in assessments with small SEM, the borderline zone would be too narrow 

resulting in a small number of students within the borderline zone, that again would threaten 

the credibility of this method. 

 OBM and OBM 2 have been researched in the performance assessment literature. Those 

studies could not be included due to the inclusion criteria of this review. The evidence of 

credibility for both OBM and OBM2 was high, however, the calculation of the methods 
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was complex and require considerable statistical skills for transparency of the methods to 

the stakeholders.61,62 

vi) Cluster Analysis 

Cluster Analysis mathematically categorises a data sample into naturally occurring 

homogenous groups. The method sorted the examinees into groups of high and low 

proficiency groups depending upon their scores with the process being highly objective and 

iterative. The evidence of credibility and procedural validity of the method was very high, 

however, like OBM, the method has low transparency and feasibility. 

Literature Review Objective ii) 

The second objective of the literature review was to identify research parameters for 

standard setting methods and devise an evaluation tool for evaluating quality of the 

methods. This objective was achieved with description of research parameters and their 

evaluation tool. The parameters were linked to quality measures identified in the previous 

chapter. Table 4 fulfils the second objective of the literature review. 

3.5 CONCLUSION 

The first objective was to identify the NJSS methods in the written assessments in health 

professions. The characteristics of NJSS methods were presented in the light of the results 

of the literature review and evaluation of their qualities. A total of eight NJSS methods 

were identified in the literature of which most studies comprised of  fixed and mean-derived 
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methods. Both the methods demonstrated moderate to low credibility, their feasibility was 

high and perhaps a major reason for their use. Other NJSS methods included, test-centred 

method; Regression Analysis and four examinee-centred methods; Cluster Analysis, 

Borderline Methods, Objective Borderline Method and Objective Borderline Method-2 

were identified. Apart from mean-derived methods, the Cohen methods were identified as 

norm-referenced methods. The second objective of the literature review was to identify 

research parameters for standard setting methods and devise an evaluation tool for their 

evaluation. Table 4 fulfils the second objective of the literature review. 

The next chapter presents the research methodology of the thesis. The NJSS methods 

identified would be selected based on the methodology. The evaluation tool described in 

Table 4 would be utilised for evaluation of the methods in this thesis. 
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Chapter 4 Research Methodology 

4.1 INTRODUCTION 

A background to the research problem was presented in the introductory chapter of the thesis. 

This chapter presents an overview of the medical curriculum with the issues of standard setting 

that were identified in the earlier chapters. The aim and research problem are re-stated for the 

ease of reference. The study design and population are described, followed by the criteria for 

selection of non-judgmental standard setting (NJSS) methods from the range of methods 

identified in the literature review. 

The methods of data analysis are presented with description of analysis of raw scores, formulae 

for cut score(s) and failure rate calculation for individual standard setting method is presented. 

The quality measures of credibility, acceptability, criterion-referenced and feasibility and 

sustainability are evaluated using tools employed in this research that are described specific to 

the context of this research. The last section describes the methods of data handling, storage 

and ethical considerations employed in this research.  
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4.2 RESEARCH SETTING 

The University of Western Australia introduced a four-year postgraduate Doctor of Medicine 

(MD) program in 2014, with the first eighteen months comprised of foundations of medical 

practice and systems-based learning.78 During this preparatory phase the students 

predominantly learnt anatomy, biochemistry, physiology, pharmacology, pathology and 

population health sciences integrated with clinical skills and other professional aspects of 

medical practice. Early clinical experiences, small group learning tutorials and skills 

workshops were included in the teaching methods together with lectures, laboratories and 

seminars.78 The summative assessments in the pre-clinical phase comprised of continuous 

assessments spread across the semester as well as end of semester examination. The tools 

comprised of written and clinical examinations, including objective structured practical 

examinations, multiple choice and short-answer questions and a longitudinal electronic 

portfolio. Following the pre-clinical phase, students enter the integrated medical practice phase 

in which they were required to attend clinical attachments across the Western Australian Health 

System, with rotations in major hospital specialties, general practice and community health 

organisations. During this phase, a percentage of the student cohort would be allocated to the 

Rural Clinical Schools to spend their third year, in a rural site. The students were also required 

to participate in scholarly activities in one of the three streams: research, coursework or service 

learning, to be completed simultaneously with the core medical rotations. The curriculum was 
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highly integrated across the disciplines and to align the curriculum with the learning outcomes, 

integrated assessments were introduced in 2014. Figure 2141 gives an overview of the UWA 

medical course until 2018. 

 

Figure 2: Overview of UWA MD Course 

As described in the first chapter; a modified Angoff method was practiced before the 

introduction of this assessment strategy which was later changed to a modified Cohen method. 

In 2018, the university introduced the policy of fixed criterion with fifty percent pass and a 

simultaneous curriculum revision with less integration of the content in the program. The major 

concern identified by the faculty for the JSS method was lack of time and resources; feasibility 

despite having high credibility if performed to a high standard. While the practice of fixed 

criterion was feasible but lacked credibility, as observed in the literature review. Thus, this 

research was aimed to identify the most effective NJSS method that would satisfy the criteria 

of quality measures, outlined in the literature review. 
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4.3 RESEARCH QUESTION 

In the context of the research setting and its aim, the following question was devised; 

Which non-judgmental standard setting method is most effective for integrated written 

assessments in a medical program? 

4.4 STUDY DESIGN 

The study utilised historical assessment data from 2014 to 2018; the period when integrated 

assessments were introduced until the modification in assessment strategy in 2018. The 

assessment lead of the medical school was approached for random selection of assessments. 

The author was kept blind to the selection process and the assessments were de-identified, to 

minimise researcher bias and protect identity of the students. The data from twenty written 

examinations administered between 2014 to 2018 were included in the study. A historical 

cross-sectional study design was utilised due to availability of the data for the application of 

NJSS methods to determine their effectiveness based on quality measure criteria, described 

later in this chapter. 
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4.5 STUDY POPULATION 

The examinations comprised of objective items; Multiple Choice Questions (MCQ) of choose 

the best variety and essays; Modified Essay Questions (MEQs) and Short Answer Questions 

(SAQs). Some examinations were a combination of objective and written items. 

The assessment integrated multiple disciplines across basic/pre-clinical and clinical subjects, 

to assess application of bioscience knowledge and ran for two hours in duration. The disciplines 

assessed included; anatomy, biochemistry, physiology, pathology, pharmacology, clinical 

judgment, communication skills, genetics, immunology, infectious diseases, population health, 

behavioural sciences, haematology and microbiology. 

All test items were reviewed rigorously for quality assurance by a committee before they were 

used for examination. Similarly, a full post examination review was conducted by the 

assessment lead including item discrimination and difficulty indices, however, the post 

examination data were not used in this study. 

4.6 SELECTION OF STANDARD SETTING METHODS 

Eight NJSS methods were identified in the literature search of this thesis. All the identified 

NJSS methods could not be included in this study due to restrictions imposed by the availability 

of data. For the purposes of this research, inclusion and application of the identified methods 
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was based on the study design, population and personal limitations of the author. The following 

criteria were employed for selecting NJSS methods;  

1- The fixed criterion being currently implemented, was included for insight into the 

applications of this method with respect to the assessment practices in the past. 

2- Methods that accounted for limitation in time and resources with respect to integrated 

assessment practices were included. 

3- Methods suited for application on historical data were included. 

4- Methods requiring sophisticated statistical applications were not included for their 

likely lack of feasibility in real-world situation and limited evidence in the 

contemporary literature. 

Based on the criteria above the NJSS methods selected for this research were as follows; 

1. Fixed criterion: Fifty percent (50%) was used as per university policy and was referred 

to as fixed criterion or fifty percent criterion throughout reporting of the results. 

2. Mean-derived methods: Several mean-derived methods were identified in the literature 

most common being one standard deviation below the mean scores (mean-1SD). The 

selection of the mean-derived method for utilisation in this thesis was based on this 

preference of other researchers and was referred to as Mean-1SD or M-1SD method in 

the rest of the thesis 
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Some studies in the literature review referenced an additional mean-derived method; 

Wijnen.35,86 The method was first introduced in a dissertation written in Dutch 

language142 and has been used in some educational literature,48,54,143 although, it could 

not be traced in any of the written assessment studies that was one of the inclusion 

criterion of the literature review chapter. Similar to mean-derived methods, the Wijnen 

method generated cut scores using mean scores of the assessments. Instead of 

subtracting one standard deviation, it utilised standard error of measurement (SEM) of 

the assessments to calculate cut scores.35 Theoretical working of this method was 

essentially similar to other mean-derived methods and therefore, it was included for 

analysis within the category of mean-derived methods. 

3. Cohen methods: Cohen method and its modifications were identified in the literature, 

depending upon the magnitude of the multiplier35,39 and application of correction for 

guessing in the calculation of cut scores.144 The correction for guessing; a type of 

scoring employed in multiple choice assessments to eliminate a gain in scores from 

chance performance by students35,145 was not employed. 

The multiplier was chosen based on the original Cohen method; 0.635 as per the original 

study on the method. The multiplier of 0.65 was chosen for the modified Cohen method 

as it had been used in past by the university after comparison with cut scores previously 

calculated using the Angoff method. This was similar to process used by Taylor39 who 

derived the 0.65 multiplier through comparing Angoff to equate the cut scores with the 
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Cohen method.39 The methods were referred to as C90 and C95, respectively, based on 

the percentile scores of 90th and 95th centiles used in the respective methods. 

Borderline method was not selected despite feasibility in its application, as it required 

determining a borderline range (described in the last chapter) across assessments. The 

assessment sample according to the study design and population in this research originated 

from multiple cohorts. A single borderline range selected in the original study describing the 

method could not be applied in this study population. Moreover, selecting a different borderline 

range for individual assessments would have required knowledge of examinee population and 

assessment components, that was unavailable to the author due to historical nature of the 

assessment samples. 

A total of five methods, one criterion-referenced method; fixed criterion (50%) and four norm-

referenced methods; Wijnen, M-1SD, C90 and C95, were selected for analysis on the twenty 

integrated written assessments. 

4.7 LEVELS OF ANALYSES 

Two levels of analyses were performed for the five NJSS methods mentioned above. For each 

method, cut scores and failure rates are calculated. The stepwise approach towards the 

analysis is described below. 
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4.7.1 ANALYSIS OF RAW SCORES 

The raw scores of each assessment paper were subjected to descriptive statistics such as central 

tendency; mean and median scores, standard deviation, range, percentile score charts, 

frequency tables, and reliability statistics; Cronbach’s alpha and standard error of measurement 

(SEM).146-148 

Similarly, descriptive statistics for the cut scores and failure rates for individual methods were 

calculated. The mean scores were calculated with twice the standard errors around the mean(s); 

95% confidence intervals.103 The central tendency and standard deviation of cut scores and 

reliability statistics were calculated up to two decimal points, whereas, for failure rates, they 

were calculated up to one decimal point. All the results were standardised to a percent scale to 

equate for the fifty percent criterion of the university. In the methods with normal distribution, 

the central tendency was described using mean scores whereas, in the methods with non-normal 

distributions, mean and median were both reported. The spread or variation of the cut scores 

and failure rates were described using standard deviation for normal distributions and inter-

range for non-normal distributions.103 The software used in analysis was IBM-Statistical 

Package for Social Sciences (IBM-SPSS), version 25.104 

Graphical representation; line graphs and boxplots were generated for mean scores, percentile 

scores, cut scores and failure rates across the assessments, using IBM-SPSS, version 25 and 

MedCalc version 19.1.149 
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4.7.2 DETERMINING CUT SCORES 

The descriptive statistics, percentile scores and Cronbach’s alpha were used in calculation of 

cut scores for the methods, described in the formula and rationale section.36,146-148 

4.7.3 DETERMINING FAILURE RATES 

The cut scores from individual methods were used to determine number of failures in an 

assessment, utilising frequency tables of raw scores. The percentage of students failing in an 

assessment; absolute failure rate, was calculated using the following formula. 

FR= (n / T)* 100 

With FR=failure rate, n=number of failing students and T= total number of students per 

examination. 

4.7.4 STATISTICAL ANALYSIS 

A one-way repeated measure of Analysis of Variance model was employed to determine the 

statistical significance in different cut scores and failure rates across the methods. The choice 

of the statistical model was based on the premise of the study design; same examination 

population across all the methods.150,151 A pairwise (within subject) comparison with post-hoc 

Bonferroni’s adjustment was applied for the comparison between two individual methods for 

both the cut scores and failure rates.151 The statistical significance was set at 0.05 and was 
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corrected with Bonferroni’s adjustment. The analysis was run using statistical software for 

biomedical researchers; MedCalc version 19.1.149 

4.7.5 FORMULAE 

The formulae for calculating cut scores for individual methods were as follows; 

i) Fixed Criterion 

The current policy of the university required fifty percent scores in all the assessments to be 

rendered pass. 

ii) Wijnen Method  

The cut scores derived using Wijnen method were calculated as follows; 

Wijnen= mean – 2*(SEM) 

Where, SEM was the standard error of measurement and was calculated for each assessment 

utilising standard deviation (SD) and Cronbach’s alpha (r) of the assessment.28,152 

SEM =SD*√(1 – r) 

iii) M-1SD Method 

The cut scores for this method were derived by reducing one standard deviation below the 

mean scores in examinations, as determined through the formula below; 

Cut score= mean- 1*SD 
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where, SD= standard deviation and mean is the mean score of the assessment. 

iv) Cohen Method 

The original Cohen method was applied using 0.6 multiplier, without correction for guessing 

using 95th centile score of the assessments and was referred to as C95 in throughout the 

results.35 

C95 = 0.6 (N*) 

where, 0.6= multiplier and N*= score of the students at 95th centile.35,48,85 

v) Modified Cohen Method  

The modified Cohen method; C90, was applied using 0.65 as a multiplier with 90th centile 

scores as point of reference in individual assessments. 

C90= 0.65 * (N*) 

where the N*= score of the students at 90th centile.39,84,85 

Alternately cut scores from these methods could be calculated mathematically using mean and 

standard deviation (SD) of assessment scores using following formula;54 

C90= [0.65*(mean+ 1.282SD)] 

C95= [0.6*(mean+1.65SD)] 
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4.8 QUALITY MEASURES OF STANDARD SETTING METHODS 

The results from the application of NJSS methods on the assessments were used in evaluated 

of the methods on the quality measures described in the literature review, that is, credibility, 

acceptability, criterion-referenced, feasibility and sustainability. The evaluation tools devised 

in Table 4 described in the literature review chapter were generic to all standard setting 

methods. In the context of this study specific evaluation tools were defined for the research 

parameters in Table 5.
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Table 5: Evaluation tools for the research parameters to evaluate quality measures of NJSS methods 

 

QUALITY 
MEASURES 

RESEARCH 
PARAMETERS 

TOOLS DESCRIPTION REFERENCES 

Credibility Validity 

Comparison to other 
methods 
 
Consistency of 
decisions 

Descriptive 
comparison of cut 
scores and  
agreement in 
failure rates 
 
Stability of the cut 
scores and 
stability of failure 
rates across 
assessments 

Ricketts et. al, 
2009 
Roudsari,  2016 
Mohamad et.al, 
2012 
Cohen & van der 
Vleuten, 2010 
Yousef et al, 
2017 
Schindler et. 
al,2007 
Wright, 2016 
Schoeman, 2015 

Acceptability 

Procedural 
validity 

Objectivity/explicitness 
Transparency 

Theoretical & 
mathematical 
underpinning; 
explicit standard 
setting policy 
description 
 
Ease in 
computation and 
comprehension 

Schoeman, 2015 

Failure rate 
Comparison of 
absolute failure rate 

<15% failure rates/ 
method 

Cohen & van der 
Vleuten, 2010 
Verhoeven, 1999 
& 2002 
Wright, 2016 
 

Criterion-
referenced 

Absolute N/A  
Cohen & van der 
Vleuten, 2010 
George, 2006 

Feasibility 
Time & 
Resources 

Resources used 
Description of 
resources and 
time required 

Cohen & van der 
Vleuten, 2010 
Schoeman, 2015 
Linn, 2013 
 

Sustainability Feedback Stakeholders Not evaluated  
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4.8.1 CREDIBILITY  

Credibility was evaluated through two research parameters in this thesis. The first was through 

comparison of cut scores and the agreement in failure rates between the methods. This has 

been observed in numerous standard setting studies in the literature.35,41,64,66,67,92,139 The second 

was through observing for stability in cut scores and failure rates of a method across the 

assessments, rendering it consistent in generating similar results.6,67 The stability was observed 

through observing variation in cut scores65,67 and failure rates.35,39,83,84 This criterion was 

utilised in this study as the assessments were historical and belonged to multiple cohorts. 

The reliability as part of credibility was not assessed; as all the methods were dependent on a 

mathematical formula that would generate the same results given the assessments and 

examinee population was kept constant. 

4.8.2 ACCEPTABILITY 

The acceptability of the methods was evaluated through procedural validity, transparency and 

subjective acceptability of absolute failure rates. The procedural validity was evaluated in the 

reflection of sound theoretical and mathematical underpinning of the methods. That is, an 

approach to standard setting through some well-defined, explicit policy and in following an 

appropriate mathematical formula that accounted for systematic and random errors in the 

results.35,86 Transparency was observed as accessibility of the stakeholders to the information 
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on the standard setting of the method(s) used and ease in explaining methods to the 

stakeholders, see Table 4. Conforming to the study design of this research, it was documented 

through authors’ personal experience in computation and understanding of the methods. 

The acceptability of failure rates in the literature review was observed subjectively as either 

being too large or too small in magnitude, based on the different authors’ experience. In one 

study, the acceptability was arbitrarily observed in a method producing failure rates less than 

15% in medical school summative assessments.84 As there was no ‘acceptable failure rate’ 

policy of the university, and the authors personal judgment regarding acceptability of failure 

rate would introduce bias in the evaluation of the methods, the author and thesis supervisors 

decided to use the subjective criterion of <15% failure rates in a method as acceptable failure 

rates.84 

4.8.3 CRITERION-REFERENCED  

Methods that gave absolute cut scores.38,95,106 

4.8.4 FEASIBILITY 

These methods were selected based on feasibility, however, a broad estimate of time and 

resources required for each method was documented as evidence of feasibility of the methods. 
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4.8.5 SUSTAINABILITY 

The evidence of sustainability, that is, continued application could not be obtained for this 

research as the current university policy advised implementation of a fixed criterion. The policy 

may change depending upon the result of evaluation and long-term impact of the current 

practice. The results of this thesis could be of guidance in the implementation of standard 

setting methods at the required time. 

4.9 DATA HANDLING 

The examinations used in this study are stored in the MDQbase, which is an online, password-

protected, secure data storage facility, maintained by the medical school faculty with backup 

and recovery capability. The de-identified data which included only the scores for each 

examination, was restricted to the researcher and supervisor. This de-identified data is stored 

separately until the period of the study, after which it will be deleted. 

This study was exempted for ethics on 01 September 2017, with the reference number 

RA/4/1/9379. The approval letter for exemption is attached as Appendix-I. 

4.10 CONCLUSION 

This research was set in the medical school of the University of Western Australia on integrated 

written assessments between the years 2014 to 2018. The research was conducted as a historical 
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cross-sectional study. Five NJSS methods; Fixed criterion, Wijnen method, M-1SD method, 

Cohen 90 and Cohen 95 were selected, based on the study design and feasibility in application. 

The Wijnen method belongs to the category of mean-derived methods, with its brief overview 

provided in the chapter. The cut scores and failure rates for individual methods were calculated 

with the quality measures of the methods evaluated using the evaluation tools devised in the 

literature review. The results of the study are presented in the next chapter.
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Chapter 5 Results  

5.1 INTRODUCTION 

In the previous chapter, methodology of this historical cross-sectional study was described that 

utilised twenty assessment papers from 2014 to 2018 for evaluation of five NJSS methods on 

the quality measures of standard setting methods. 

The results of analysis of the assessment raw scores and application of NJSS methods and their 

evaluation would be presented in this chapter. 

The NJSS methods applied on the twenty integrated assessments were as follows; 

1. Fixed Criterion 

2. Wijnen Method 

3. M-1SD Method 

4. Cohen 90 method 

5. Cohen 95 Method 

The first section of this chapter presents results of the analysis of raw scores on twenty 

assessments; descriptive statistics of the assessments. The assessments were named 

examination one to twenty for ease of reference. The mean and centile score performance on 

the assessments is described with respect to the assessments that would be used in description 
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of methods dependent on these scores. The second section presents the standard setting 

methods with their descriptive statistics and results on the research parameters of quality 

measures of the methods. The last section presents the conclusion of this chapter with overview 

of each method. 

5.2 ASSESSMENT DESCRIPTIVE STATISTICS 

The descriptive statistics of the twenty assessments is illustrated in Table 6. The distribution of 

scores within individual assessments was normal, except for examinations 7, 13 and 14, where 

the scores were deviated towards the right. This was observed as high mean and centile scores 

across the assessments, see Table 6. The mean scores across the assessments were normal in 

distribution, with a minimum of 59.01% and a maximum of 76.90%. The variability in mean 

scores was large across the assessments with a standard deviation of 8.94%. 

The reliability of assessments ranged from 0.57 Cronbach’s alpha to 0.85, with a median of 

0.76. The distribution of Cronbach’s alpha was deviated towards the high reliability values. 

Examinations 7, 10, 13, 14, 16, 18 and 19 depicted low reliabilities, alpha of less than 0.7 as 

discussed in the next chapter. Similar to Cronbach’s alpha, the distribution of SEM was 

deviation towards the value of high reliability, although, unlike alpha, a small median of 4.06% 

indicated higher reliability. The size of student cohorts was above 200, except in examination 
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10, where the number of students was less than 168. The impact of cohort size on reliability of 

assessments will be discussed in the next chapter. 

5.2.1 SCORES PERFORMANCE ON ASSESSMENTS 

The difference in assessment mean scores and top centile scores was small; approximately 12-

14% despite the mean score being influenced by the total scores in a cohort, see Table 6. The 

mean and 90th and 95th percentile scores on assessments were illustrated with the help of line 

graph that depicted performance of students across the assessments, see Figure 3. The graph 

indicated similarity in variation of mean scores with respect to top centile scores; 90th and 95th. 

In some assessments; examinations 5, 8, 14 and 17, there was a marked deviation in top centile 

scores with respect to overall cohort mean, indicating that performance of students at higher 

centiles was different from rest of the cohort, despite 90th and 95th centiles contributing towards 

an overall mean. The variability in scores was more pronounced for the 95th centile than the 

90th centile which influenced the cut scores for the methods relying on these scores. 

The mean scores in examinations 5, 8 and 17 were substantially lower than the top centile 

scores observed in the visual inspection of the scores and the ratio of mean scores against 90th 

and 95th centile scores. The calculation of mean to 90th and 95th centile ratio is attached as 

Appendix-IV. This observation indicated that the performance of rest of the cohort(s) was 

lower than the top centile students in these examinations, see Table 6. 
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Figure 3: Line graphs depicting variation in mean and centile scores across the twenty assessment.
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Table 6: Descriptive statistics for twenty examinations with individual cut scores and failure rates across NJSS methods. The highlighted exams exhibit highest failure 

rates across all methods. 

 

ASSESSMENT DESCRIPTIVES 
STANDARD SETTING METHODS 

Cut Scores (%) Failure Rates (%) 

EXAM NS TYPE NI MEAN 90th 95th Ơ α SEM WIJ M-1SD C90 C95 50 WIJ M-1SD C90 C95 

1 231 MCQs+SAQs  PC 64 76.90 84.69 87.25 7.47 0.74 3.80 69.30 69.44 55.05 52.35 0.0 15.6 16.4 0.4 0.0 

2 231 MCQs+SAQs PC 65 68.35 80.31 82.94 9.45 0.81 4.12 60.11 58.90 52.20 49.76 2.5 21.6 17.7 4.8 2.5 

3 231 MCQs+SAQs PC 80 76.41 84.87 87.52 7.19 0.75 3.59 69.23 69.22 55.16 52.51 0.0 15.6 15.6 0.9 0.4 

4 213 MCQs C 120 62.41 72.50 74.17 6.92 0.72 3.66 55.09 55.49 47.12 44.50 2.3 18.3 18.3 0.9 0.4 

5 232 MCQs PC 120 60.72 73.08 75.00 8.75 0.81 3.82 53.08 51.97 47.50 45.00 10.3 21.1 19.8 5.6 3.0 

6 214 MCQs C 100 67.10 81.00 83.00 9.84 0.83 4.06 58.98 57.26 52.65 49.80 4.7 18.2 16.8 6.1 4.7 

7 232 MCQs C 48 75.11 86.87 87.50 9.88 0.69 5.50 64.11 65.23 56.46 52.50 1.2 12.1 15.9 4.3 2.1 

8 237 MCQs C 100 72.54 86.00 88.00 10.22 0.85 3.96 64.62 62.32 55.90 52.80 1.3 19.8 16.4 8.4 2.5 

9 229 MCQs C 100 64.09 75.18 77.00 8.97 0.83 3.70 56.69 55.12 48.87 46.38 7.8 21.3 16.5 6.1 4.8 

10 168 MCQs C 54 70.05 79.63 82.50 8.16 0.57 5.35 59.39 61.89 51.76 49.50 0.6 11.3 15.4 1.2 0.6 

11 236 MCQs PC 100 62.86 75.00 78.00 9.11 0.80 4.07 54.83 53.76 48.75 46.80 7.6 16.5 14.0 5.9 3.4 

12 231 MCQs C 100 73.80 85.00 87.00 9.35 0.82 3.97 65.98 64.45 55.25 52.20 0.9 18.2 15.6 3.5 1.3 

13 253 MCQs C 36 76.70 88.89 91.67 9.73 0.59 6.23 64.24 66.97 57.78 55.00 0.8 11.5 18.6 4.7 2.4 

14 232 MCQs C 48 75.11 86.88 87.50 9.88 0.69 5.50 64.15 65.23 56.47 52.50 1.3 12.1 16.0 4.3 2.2 

15 254 MCQs C 116 73.10 82.76 84.48 8.00 0.80 3.58 65.94 65.10 53.80 50.69 0.0 18.9 17.7 1.6 0.0 

16 232 SAQ+MEQs C 12 59.01 68.75 70.78 7.73 0.68 4.37 50.27 51.28 44.69 42.47 12.9 14.7 19.4 3.9 2.2 

17 229 SAQs PC 23 65.41 78.65 82.43 10.87 0.81 4.74 55.98 54.54 51.12 49.46 9.2 17.5 14.8 11 7.9 

18 228 MCQs PC 50 62.69 74.00 78.00 9.16 0.57 6.01 50.77 53.53 48.10 46.80 6.6 11.0 16.2 6.6 4.4 

19 233 MCQs PC 40 73.52 85.00 85.75 9.45 0.62 5.82 61.86 64.07 55.25 51.45 1.3 12.9 15.5 6.4 1.7 

20 232 MCQs PC 120 60.72 73.08 75.00 8.75 0.81 3.81 53.10 51.97 47.50 45.00 10.8 21.1 19.8 5.6 3.0 

DESCRIPTIVE STATISTICS 
mean 68.83 80.11 82.27 8.94 0.74 4.48 The descriptive statistics for standard setting methods are shown in Table 

7 std. dev 6.17 5.98 5.79 1.07 0.09 0.90 

Assessment Descriptives; NS=number of students, Type is the type of the assessment including Short Answers (SAQs) and Multiple Choice Questions (MCQs), Preclinical 
(PC) & Clinical (C), NI= number of items, Ơ= standard deviation, α= Cronbach’s alpha, SEM= standard error of measurement, 90th & 95th = percentile scores 

Standard Setting Methods; WIJ= Wijnen method, SD= Standard Deviation method, C90 & C95= Cohen method(s) 90 & 95, respectively. 
Failure rates for fixed criterion (5%) are reported only. 
All values are reported in %. 



 

120 

 

Table 7: Average cut scores and failure rates for five standard setting methods across twenty assessments 

CUT SCORES 

Methods Mean Standard Error 95% Confidence Interval SD Min-Max 

50 50 0.00 50.00 50.00 0.00 0.00 

WIJNEN 59.89 1.33 57.10 62.67 5.96 50.27- 69.30 

M-1SD 59.89 1.37 57.01 62.76 6.14 51.28- 69.44 

C90 52.07 0.87 50.25 53.87 3.88 44.69- 57.78 

C95 49.37 0.77 47.75 50.99 3.46 42.47- 55.00 

The cut scores are significantly different (p=0.001) in pairwise comparisons with Bonferroni adjustment with the exceptions; 

Fifty:C90 p= 0.278;  Fifty:C95 p=1.000; Wijnen: M-1SD method p=1.000 

All values are reported in %. 

 

FAILURE RATES 

Methods Mean  Standard Error 95% Confidence Interval SD Min-Max  

FR50 4.1  0.95 2.1  6.1 4.2 0.0 – 12.9 

FRWIJ 16.5 0.82 14.7 18.2 3.7 11.0 – 21.6 

FRSD 16.8 0.37 16.0 17.6 1.7 14.0 – 19.8 

FRC90 4.6 0.60 3.3 5.9 2.7 0.4 – 11.0 

FRC95 2.5 0.43 1.6 3.4 1.9 0.0 – 7.9 

All the failure rates are significantly different (p=0.001) in pairwise comparisons with Bonferroni adjustment with the exceptions; 

FR50:FRC90 p=1.000; FR50: FRC95 p= 0.448; FRWIJ: FRSD p= 1.000 

All values are reported in %. 

FR50; Failure Rate for 50%, FRWIJ; Failure Rate for Wijnen, FRSD; Failure Rate for M-1SD, FRC90; Failure Rate for Cohen 90, FRC95; 

Failure Rate for Cohen 95 (methods) 
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5.3 STANDARD SETTING METHODS 

The descriptive statistics of cut scores and failure rates and evaluation of methods on the 

quality measures is described under relevant methods; summary illustrated in Table 7. The 

distribution of cut scores and failure rates across was normal, except for failure rates from 

the fixed criterion. The cut scores and failure rates for individual methods are illustrated in 

Table 6. The one-way repeated ANOVA revealed that the cut scores and failure rates were 

statistically different from one another. The results of the post-hoc pair-wise comparison 

of methods using Bonferroni’s adjustment will be described under relevant sections. 

The results of the statistical analyses are attached as Appendix-II and-III. The relationship 

between mean scores and mean-derived method cut scores and failure rates were 

graphically illustrated in Figure 4. Figure 5 and 6 illustrates the relationship between all the 

standard setting methods in terms of generating cut scores and failure rates. 

5.3.1 FIXED CRITERION 

i) Descriptive Statistics 

By definition, the cut scores of fixed criteria remained the same across all the assessments. 

The failure rates ranged from zero to 12.9% with a deviation towards the left, that is towards 

zero failures. The variation in failure rates was large depicted in a large interquartile range, 

see Figure 6. The deviation in distribution could be explained by comparatively high failure 
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rates in examinations; 5, 9, 11, 16, 17, 18 and 20 as compared to the rest of the assessments 

resulting in the largest spread of failure rates compared to the other methods, see Table 6. 

The absolute mean failure rate for this method was 4.1% despite a large variation in its 

failure rates. 

ii) Credibility 

The cut scores and failure rates for the method were statistically similar to Cohen 90 and 

95 methods. Despite similar cut scores and failure rates with two different methods, the cut 

scores from the method were incapable of varying with the assessments resulting in large 

variation in failure rates across the assessments depicting low stability in generating 

consistent results. 

iii) Acceptability 

Procedural validity of the method was low, as it had no theoretical, mathematical or rational 

underpinning in its implementation and was based on a policy decision of the university 

that did not account for potential differences in the assessments. The method was high in 

transparency as the policy of passing students with scores above fifty percent in an 

assessment was easy to compute and comprehend. The acceptability of failure rates from 

the method was high, as despite large variation in failure rates, the absolute failure rates for 

the methods were small. 
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iv) Criterion-referenced 

The cut scores from the method were inherently criterion-referenced to the fifty percent. 

v) Feasibility 

The feasibility of the method was very high as it required no time or resource in generating 

cut scores. 

5.3.2 WIJNEN METHOD 

i) Descriptive Statistics 

The mean cut score for this method was 59.89% with a standard deviation of 5.96% 

depicted in a range of cut scores from 43.77% to 46.42%. The variation in cut scores was 

expected as the method fluctuated with mean scores across the assessments. Additionally, 

extreme values of reliability coefficients influenced the cut scores for this method, as 

observed in examinations 13 and 14, where the cut scores were lower as compared to the 

mean scores, see Table 6 and Figure 3. The absolute mean failure rate for this method was 

16.5% with a large standard deviation of 3.7%. Contrary to expectations from a mean-

derived method, the variation in failure rates for this method were large and similar to that 

of fixed criterion, see Table 7. 

ii) Credibility 

The mean cut scores and failure rates for this method were nearly identical to that of M-

1SD method, with a p=1.000. Despite similarity in failure rates with the corresponding 
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mean-derived method, variation in the failure rates for this method were substantially large 

with large differences in failure rates between the two method in assessments with extreme 

values of reliability, see Figure 4 and Figure 6 and Table 6. The Wijnen method gave 

substantially large cut scores and failure rates when compared to other methods. The 

stability in generating cut scores and failure rates is low as the method gave large variations 

in cut scores and failure rates, as observed in Figure 5 and 6. 

iii) Acceptability 

Procedural validity of this method was moderate to low. Theoretical underpinning of the  

method was that on average a large group of students would perform well on an 

assessment36based on assessment difficulty, although in some assessments it would 

contradict with reliability coefficients of the assessments especially when the number of 

items on an assessment were small, discussed in detail in the next chapter. 

Transparency of the method is moderate to low, as it was difficult to interpret the 

relationship and impact extreme values of reliability indices had on the methods cut scores 

and failure rates. 

The acceptability of the failure rates for the method are moderate to low as the mean failure 

rate for this method were approximately 2% above the <15% criterion, although in some 

assessments the absolute failure rates were substantially larger than 15%, illustrated in the 

boxplot, Figure 6. In addition, inherent in its nature, the method would always fail a fixed 

percentage of students. 
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iv) Criterion-referenced 

Inherent in its nature the method would always produce cut scores relative to the 

distribution of assessment scores and fail a fixed proportion of candidate in every 

assessment. 

v) Feasibility 

The feasibility of this method was moderate to high, since calculating reliability (for SEM) 

could be achieved through several statistical software that eliminated the need for statistical 

expertise. Time required in calculating cut scores for this method was substantially small, 

approximately half an hour per assessment. 
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Figure 4: Relationship between the cut scores and failure rate (FRWIJ and FRSD) of mean-derived 

methods Wijnen and M-1SD methods with student mean scores 

5.3.3 MEAN-1SD METHOD 

i) Descriptive Statistics 

The mean cut score for this method was 59.89% with the largest variation in the cut scores 

among all the methods reflected in a large standard deviation of 6.14%. The cut scores were 

normally distributed with an expected similarity in variation with the assessment’s mean, 

see Figure 4. The mean absolute failure rate for this method was 16.8% with a standard 

deviation of 1.7%, see Table 7. 

ii) Credibility 

The mean cut scores and failure rates for this method were nearly identical to the Wijnen 

method, p=1.000. Like the Wijnen method, this method gave highest cut scores and failure 

rates among all other methods. Inherent in its calculation the stability in generating cut 
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scores for this method was low, however, it gave small variations in failure rates, that is, 

gave stable failure rates across the assessments. 

iii) Acceptability 

Procedural validity of this method was moderate to low. The theoretical underpinning of 

this method, like other mean-derived method required student mean performance scores to 

generate cut scores. As stated earlier, the choice of reducing one standard deviation from 

the mean was arbitrary and was made in following of the common practice, rather than an 

explicit policy decision, as described in methodology chapter. 

In addition, the assessments with deviated score distribution; examinations 7, 13 and 14 

threatened the procedural validity of the method as the notion of eliminating those within 

bottom one standard deviation of the test scores did not follow with the underlying 

assumptions on which it is based.37 

Transparency of the method was high as it was easy to compute, interpret and analyse. The 

acceptability of the failure rates was moderate to low as the mean failure rate was above 

15%, being as large as 20% in some assessments. Similar, to other mean-derived methods, 

a fixed percentage of students would always fail in an assessment.  

iv) Criterion-referenced 

Inherent in its nature, the cut scores produced by the methods were not absolute. 
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v) Feasibility 

The feasibility of the method was high requiring minimum amount of time and resources. 

Approximately fifteen minutes were required to calculate cut scores on a single assessment.  

5.3.4 COHEN 90 METHOD 

i) Descriptive Statistics 

The mean cut score for this method was 52.07% with a standard deviation of 3.88% 

exhibiting a small range, in following with the spread of cut scores. The mean failure rate 

was 4.6% with a standard deviation of 2.7%. 

ii) Credibility 

The cut scores and failure rates were statistically different from all the other methods except 

fixed criterion; p= 0.278 and p= 1.000, respectively. The cut scores were 3% higher than 

the corresponding Cohen 95 method, despite a lower percentile score used in its calculation 

including the assessments with considerably higher 95th centile scores (examination 3, 8, 

13, 14 and 17), see Table 6. Similarly, the difference in mean failure rates was twice as 

large compared to C95 method; p<0.0001. Compared to both mean-derived methods, the 

cut scores and failure rates from this method were significantly smaller (p<0.0001). The 

difference in cut scores was attributed to small difference in assessment mean and 90th 

centile scores, discussed in the next chapter. 
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The variation in cut scores for this method were comparatively smaller than mean-derived 

methods and similar to the corresponding C95 method, indicating comparatively stable cut 

scores across the assessments, see Table 7 and Figure 5. The evidence of variation in failure 

rates for this method was mixed, as it was larger than the corresponding C95 and M-1SD 

method, but smaller than the fixed criterion and Wijnen methods. In assessment with high 

failure rates for the fixed criterion, the C90 method gave smaller cut scores and failure 

rates, thereby, reducing the variation to half, despite similar mean failure rates with the 

method. The failure rates variation was comparatively higher than C95 method likely due 

to its higher cut scores with corresponding higher failure rates and was more pronounced 

in examinations where the difference in 90th and 95th centile scores was small; such as in 

examinations 8 and 19. This is discussed further in the next chapter. In the light of the 

results above, despite comparatively stable cut scores, the failure rates for this method were 

not stable across the assessments. 

iii) Acceptability 

The theoretical and mathematical underpinning of the method was based on the consistence 

in performance of 90th centile across  the assessments with respect to rest of the cohort, as 

well as in accurate calculation of the multiplier for examinations in local context.39 The 

visual inspection of the scores in Table 6 demonstrate consistent performance of 90th centile 

scores with respect to rest of the cohort (assessment mean scores) bar a few exceptions, 

however, the multiplier of 0.65 was chosen in following with the multiplier used in the 
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past.39,84 The method was transparent as it was easy to compute and interpret. Based on the 

mixed evidence, the procedural validity of the method was moderate to low. The absolute 

failure rates for the method were 4.8%, rendering failure rates to be acceptable. 

iv) Criterion-referenced  

Despite being a norm-referenced method, the cut scores were not purely relative but at the 

same time not exactly specified to a criterion. Hence, the cut scores are not a true 

representation of absolute mastery in an assessment, as is the purpose of criterion-

referenced methods. 

v) Feasibility 

The feasibility of this method was moderate to high. The cut scores could be determined 

by calculating centile scores either through a mathematical formula or through a statistical 

software; as was done in this thesis. The time required for calculation of cut scores was 

approximately half an hour per assessment. 

5.3.5 COHEN 95 METHOD 

i) Descriptive Statistics 

The mean and standard deviation of cut scores for this method were 49.37% and 3.46%, 

respectively giving a small range of cut scores. The absolute mean failure rate for the 

method was 2.5% with a small spread in failure rates; standard deviation of 1.9%. 
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ii) Credibility 

The mean cut scores (p=1.000) and failure rates(p=0.448) for this method were similar  to 

the fixed criterion although they were slightly smaller, with a difference of 1.63% in their 

mean(s). The cut scores and failure rates were statistically smaller than other methods 

including the corresponding C90 method, despite higher centile scores, as described earlier. 

This observation could be attributed to lack of correction for guessing compounded with a 

lower multiplier for this method resulting in more stable but lower cut scores. This was 

corroborated by examinations 4, 14 and 19, in which the difference in 90th and 95th centile 

score was small resulting in substantially lower cut score and failure rates than C90 method. 

The method generated stable cut scores and failure rates across the assessments observed 

in small standard deviations. The variation in cut scores was similar to that of C90 method 

and the failure rates variations were only second smallest after M-1SD method.  

iii) Acceptability  

Similar to C90, the procedural validity of the method relied on consistent performance of 

95th centile score with rest of the cohort, although there were substantial deviations in some 

assessments, see Figure 3. The choice of multiplier for the method was in keeping with the 

study by Cohen and Van der Vleuten, although correction for guessing was not applied, as 

was the original intent of the authors.35 The method was high in transparency, rendering 

overall procedural validity of the method to be moderate to low. The acceptability of failure 

rates for the method was high. 
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iv) Criterion-referenced 

The argument for criterion-referencing of the cut scores for this method is similar to that of 

C90 method, that is, the cut scores from this method were a combination of relative and 

absolute cut scores and were not a true representation of absolute mastery in an assessment. 

v) Feasibility  

The feasibility of this method was moderate to high as the cut scores could be easily 

determined using centile scores from the statistical formula of this method. The time 

required for calculation of cut scores was approximately half an hour per assessment.
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Figure 5: Boxplot and line charts illustrating variation in cut scores for the NJSS methods across the 

twenty assessments
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Figure 6: Boxplot and line charts illustrating variation in failure rates of the NJSS methods across twenty 

assessments
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Table 8: Summary of the criteria of evaluation for the standard setting methods 

Methods Credibility  Acceptability 
Criterion-

referenced 
Feasibility 

50% 

Moderate to Low 
-similar with C90 & C95 
-low stability in FR; large 
variations in FR 

Moderate to Low 
-low procedural 
validity 
-high transparency 
-acceptable FR 
 

Yes 

High 
-negligible use of 
time & resources 

Wijnen 

Low 
-similar to M-1SD 
-low stability in cut 
scores & FR; large 
variations in extremes of 
reliability indices 

Very Low 
-moderate to low 
procedural validity 
-moderate to low 
transparency 
-high FR 
-fixed FR 
 

No 

High 
- resources; 
statistical 
software-
reliability 
-time 30 
min/assess 

M-1SD 

Moderate to Low 
-similar to Wijnen 
-low stability in cut 
scores; variation with 
mean 
-high stability in FR 

Low 
-moderate to low 
procedural validity 
-high transparency 
-high FR 
-fixed FR 
 

No 

Very High 
-negligible 
resources 
-time 
15min/assess. 

Cohen 
90 

Moderate 
-similar with 50% 
-intermediate stability in 
cut scores & FR; small 
variation in cut scores; 
moderate variation FR 
 

Moderate to Low 
-moderate 
procedural validity 
-high transparency 
-acceptable FR 

No 

High 
-resources 
minimum 
-time 30 
min/assess. 

Cohen 
95 

Moderate to High 
-similar with 50% 
-high stability in cut 
scores & FR; small 
variations for cut scores 
& FR 

Moderate to Low 
-moderate 
procedural validity 
-high transparency 
-acceptable FR 
 

No 

High 
- resources 
minimum 
-time 30 
min/assess. 
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5.4 CONCLUSION 

The results of application of five NJSS methods; fixed criterion, Wijnen, M-1SD, Cohen 

90 and 95 methods on twenty integrated written assessments from the medical school at 

UWA were presented in this chapter. The descriptive statistics of assessments revealed 

large variability in mean scores with most of the assessments lying within acceptable index 

of reliability. The mean scores and 90th and 95th centile scores exhibited similar variations 

across the assessments, bar a few exceptions, where the top centile scores deviated from 

the cohort mean suggesting that top centile students’ performance differed from the rest of 

the cohort. 

The investigation of the methods revealed certain shortcomings in all the methods. The 

fixed criterion gave similar cut scores and failure rates with both the Cohen methods, 

although the variation in failure rates were largest among the methods resulting in low 

stability in generating failure rates. The evidence of procedural validity for the method was 

low with failure rate less than 15%, rendering acceptability of the method to be moderate 

to low. The mean cut scores and failure rates from the two mean-derived methods; Wijnen 

and M-1SD were identical giving highest cut scores and failure rates among all the 

methods. The credibility of the Wijnen method was threatened in assessments with 

extremes of reliability statistics. The stability of the cut scores and failure rates for the 
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method were low. In contrast, the stability of the failure rates for the M-1SD method was 

very high, giving most stable failure rates among all the methods. The variation in cut 

scores for the mean derived method was large owing to their inherent dependence on 

assessment’s mean. The acceptability of both the methods was low due to low procedural 

validity and high failure rates in addition to fixed proportion of failure rates inherent in 

their calculation. Both the Cohen methods gave similar cut scores with the fixed criterion, 

although the cut scores from C90 were significantly different from C95 method. The C90 

cut scores were higher despite using a lower centile score in its calculation. The stability in 

the cut scores and failure rates for the C90 method was lower than C95 that gave most 

stable cut scores and failure rates across all the assessments. The procedural validity for 

both the methods was moderate to low, as in some assessments the higher centile scores 

differed from the rest of the cohort, observed in visual inspection of the data, see Table 6 

and the ratio of mean scores to the 90th and 95th centile scores, Appendix-IV attached. The 

overall acceptability of both the methods was high, with high transparency and acceptable 

failure rates. 

Except for the fixed criterion, none of the methods generated absolute cut scores, although 

the cut scores from the Cohen method were a compromise between the criterion and norm-

referenced methods. All the methods rated high in feasibility. The results of evaluation of 



 

138 

 

 

the methods is further discussed in the next chapter to reach a conclusion and discuss the 

implications of the study.
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Chapter 6 Discussion 

6.1 INTRODUCTION 

This research has been conducted with the aim to find the most effective non-judgmental 

standard setting method for integrated written assessments in a medical program. To reach 

this aim, twenty historical integrated written assessments were selected at random from the 

medical school at University of Western Australia with five non-judgmental standard 

setting (NJSS) methods applied to them. The previous chapter presents the results of 

analysis of the methods on quality measures criteria of standard setting. The quality 

measures include credibility, acceptability, criterion-referenced and feasibility. All the 

methods have rated high in feasibility with varying degrees of credibility and acceptability 

evidence observed.  

In this chapter, the results of application of the five NJSS methods will be discussed 

holistically with the implications for their use with respect to the quality measures observed 

in the results, with an aim to reach the research conclusion. The first section of this chapter 

will discuss the assessments that are utilised in this thesis, especially the relationship 

between the mean scores on the assessment and the top centile scores. The second section 

of this chapter will discuss the standard setting methods on their quality measures criteria 
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and finally, the last section of this chapter will conclude the discussion with the research 

conclusion presented in Chapter 7 of this thesis. 

6.2 ASSESSMENTS 

The assessments in this study are integrated and multi-disciplinary of varying difficulty and 

discrimination ability, reflected in variable mean scores and large standard deviations on 

individual assessments.104,153 Large standard deviations can be observed in a very large 

cohort with similar abilities.146 Theoretically, abilities can never be similar, unless a very 

homogenous group of candidates is being assessed in a single discipline; such as, exit 

examinations for postgraduate specialty training.146 For students enrolled in a medical 

school program, there is a higher chance that the students are of different abilities and that 

the assessments are designed to discriminate, based on their abilities.84,146 

The reason for evaluating characteristics of the assessments is so that the results of standard 

setting methods can be discussed with respect to their performance on assessment difficulty 

and cohort’s ability. Variation in mean scores across the assessments implies that 

assessments are of varying difficulty; those with low mean scores are comparatively more 

difficult and vice versa.35 The mean score variations with respect to 90th and 95th centiles 

reflect on the performance of a cohort within an assessment; as mean score is an average 

of all the scores including the top centile scores. Difference in the mean score and top 



 

141 

 

 

centile scores suggests that the students at the top centiles may be different (and of higher 

ability) than rest of the cohort. This is observed for some assessments in this study. Based 

on the above interpretation, relative performance of the students within a cohort is similar, 

evident in consistent variations of the mean scores and top percentile scores. Some 

exceptions are observed where the top centile scores are of relatively higher ability. This 

observation is based on the visual inspection of the mean scores and top centile scores, see 

Figure 3. 

Ratio of mean scores against top centiles were calculated as an adjunct to the results 

presented in the previous chapter. The ratio of 90th to 95th centile scores across the twenty 

assessments reveal that the two centile scores are similar across the assessments with a 

mean of 0.973; standard deviation 0.011, with a few exceptions. The ratio of mean scores 

to 90th centile scores is similar across the twenty assessments with a standard deviation of 

0.022. The ratio of mean scores to 95th centile scores has a larger standard deviation; 0.025. 

Though the difference in the two is small, it implies that the performance of students at the 

90th centile is more consistent with the rest of the cohort across the assessments than the 

scores at 95th centile. The calculation of the ratios of the mean scores and the top centile 

scores is attached as Appendix-IV. From the above discussion it is evident that the students 

at the 90th centile are more consistent in performance with rest of the cohort (mean scores), 

although, the difference in the scores between the two centiles is small, see Appendix-IV. 
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This suggests that the 90th centile is a better reflection of cohorts’ performance and through 

that, the assessment’s difficulty.39 In some assessments the 95th centile scores are observed 

to give larger variations compared to the corresponding mean scores and/or 90th centile 

scores. Although, the 95th centile performance is generally consistent with the mean and 

90th centile scores; in some assessments larger scores and variations are observed for this 

centile, suggesting that the performance of the students at 95th centile is more variable (less 

consistent) across the assessments. This is the key variable in credibility evidence of Cohen 

methods and is discussed later. This may be due to smaller student numbers in the 95th 

centile which leads to greater variability, or from a statistical outlier effect where those 

students are less representative of the average student. 

The assessments’ reliability statistics are mostly within adequate acceptability index of 

Cronbach’s alpha of 0.74,146,147 although, are not as high as reported by some authors.68,85 

Additionally, some assessments report low reliabilities, such as 0.57. The reliability of 

assessments gives value to its scores, as in repeated administration of the same assessment 

will generate similar scores.103 One of the most important and overlooked phenomenon of 

reliability index, Cronbach’s alpha, is its dependence on the size of cohort and number of 

items on an assessment. It requires certain assumptions to be met that are discussed as 

follows. 
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The use of Cronbach’s alpha is grounded in ‘essentially a tau-equivalence model.103,104 That 

is, it is the best measure of reliability when a test assesses a single latent trait (knowledge), 

on same scale (same scoring) with high inter-item relatedness154 or internal 

consistency.155,156 It is therefore, also affected by the number of items on an assessment,147 

that is, a smaller number of items generate greater sampling error resulting in a smaller 

index of reliability.104 The assessments in this study fulfil the first two criteria and despite 

assessing multiple disciplines, assess the underlying construct of application of bioscience 

knowledge. The assessments are scored on a similar scale, that is, binary scoring for 

true/false items and single-point-per-correct answer scoring for MCQs and essays, keeping 

the scoring scale same across the assessmnets.154 The low alpha is observed in only those 

assessments in this study in which small number of test items are assessed, suggesting that 

the low values of reliability are most likely arising from small number of items on those 

assessments.147 

The reliability is also observed in the values of SEM on individual assessments. SEM is an 

absolute measure of error variance within test items146 and is comparatively a stable 

indicator of assessment quality.146-148 The smaller the value of SEM, the higher the quality 

of an assessment and vice versa.146 SEM can be calculated without the knowledge of an 

assessment’s reliability,146 although, it is most commonly calculated using alpha; as in this 

thesis.28,146 The assessments with low alpha also report high indices for SEM and although, 
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SEM is a more stable index than Cronbach’s alpha; for substantially low alpha values, the 

SEM is likely to be high.104 

All assessments with low reliability indices should be stringently investigated through item 

analysis for quality assurance,104 the few in this study were retained, for the reasons 

described above. The most appropriate approach in this study would have been to perform 

item analysis of individual assessments for evaluating their difficulty and discrimination 

indices. This would have provided an important anchor against which performance of 

standard setting methods could be analysed.86,138 As stated in the methodology chapter, the 

assessments in this study have already undergone pre-and post-examination analysis as part 

of quality assurance in the past, however, the lack of post-examination analysis of 

assessments while performing this research is an acknowledged limitation of this study. 

6.3 STANDARD SETTING METHODS 

The history of standard setting in medical education goes back to 1976, when Andrew and 

Hecht first published use of judgmental standard setting in a national licensing 

examination.96 Since then more than a hundred articles have been published in health 

professional education exclusively. The methods described in literature are versatile with a 

more recent shift towards those with minimum utilisation of subjective judgments and 

increasing reliance on statistical models to reach cut scores.41,61-64,75,76,157 Some of these 
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methods have been described in the literature review chapter based on the inclusion criteria 

for studies. Despite the development of new methods and continued research on old 

methods, the researchers are no closer to finding a ‘gold-standard’ method as they were 

some fifty years ago. The literature is full of studies that utilise some of the most basic 

methods, such as, fixed criterion and mean-derived methods, due to their high feasibility. 

Some of those methods from the literature review have been selected to evaluate their 

quality, for their utility in the research setting of this thesis. The application of the five 

NJSS methods on the twenty written-integrated assessments have brought to light some 

important characteristics in terms of their credibility and acceptability in the local setting. 

As with comparative studies, the evidence of credibility of two standard setting methods is 

observed in the ability of the methods to give statistically similar results with respect to one 

another67,85,120,140 or an external criterion.41 The cut scores of the five NJSS methods from 

least to most are as follows; C95, fixed criterion, C90, Wijnen and M-1SD methods. The 

cut scores of the two mean-derived methods are identical. The fixed criterion gives 

statistically similar cut scores with the two Cohen methods, whereas the cut scores of the 

C90 and C95 methods are statistically different. Similar order and significance are observed 

in the failure rates of the methods. 

The criterion of credibility is additionally being evaluated in the stability of a method in 

generating cut scores and failure rates across the assessments. It is essentially related to the 
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ability of a method to give consistent results (cut scores and failure rates) as a function of 

its ability to vary with test difficulty.6,65,67 Apart from the fixed criterion, the NJSS methods 

used in this study are norm-referenced. The ability of a method to give stable cut scores 

across the assessments is an indicator that the reference group used in determining cut 

scores is stable across the assessments, as the norm-referenced NJSS methods are 

invariably dependent on reference groups for generating cut scores.35,37,61-63,67,75,76 These 

reference groups are mean scores for the mean-derived methods and top centile groups for 

the Cohen methods. The stability of a reference group in generating cut scores has been 

discussed at great length in the literature review chapter and presents an important indirect 

evidence of consistency in performance of a method.35,67 The stability in failure rates across 

the assessments of varying difficulty is the evidence towards their ability to account for test 

difficulty.81 

The statistically similar results of the fixed criterion with the Cohen methods suggests that 

most assessments are of difficulty that warrants fifty percent pass. This has been observed 

in some of the studies where fixed criterion gave similar cut scores as other 

methods,66,67,115,120 suggesting that the item writers constructed the assessments according 

to the fixed criterion. Though, such cannot be implied for the assessments in this study as 

the assessments selected are prior to the introduction of the fifty percent pass policy. 

Despite the statistical similarity of the fixed criterion with the Cohen methods, some large 
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failure rates are observed in assessments with low mean scores implying that in assessments 

with high difficulty the method failed to account for test difficulty.83,89 This finding is 

further corroborated by observing cut scores and failure rates by the Cohen methods in 

those assessments; the cut scores are small and failure rates substantially lower than the 

fixed criterion. These aberrantly high failure rates are the reason why the fixed criterion 

method gave the largest standard deviation for the failure rates resulting in least stability in 

failure rates. This makes the credibility of the method substantially low.35,39,65,82-

84,87,119,121,139 

Despite low credibility, the mean failure rate for the fixed criterion is low and similar to 

Cohen methods which is in stark contrast to some of the studies reporting significant 

difference in failure rates resulting from large differences in cut scores.35,39,48,84,86 This 

increases the acceptability of its failure rates, although the overall evidence of acceptability 

remains moderate to low, given the low procedural validity for this method.  

The identical cut scores for the two mean-derived methods; Wijnen and M-1SD, are 

observed due to median of the reliability coefficient lying at 0.76. In assessments with a 

Cronbach alpha of around 0.75, the mathematical computation of cut scores from the 

Wijnen and M-1SD methods results in identical cut scores36 which is also evident in this 

study. Despite the identical results, the variation in failure rates between Wijnen and M-

1SD methods is substantially different. The M-1SD method gives most stable failure rates 
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compared to the Wijnen method that gives substantially large failure rate variations across 

the twenty assessment. The failure rate variations for the Wijnen  method is second only to 

the fixed criterion. The M-1SD method is bound to give stable failure rates, as inherent in 

its calculation, as it subtracts fixed proportion of candidates from the mean, essentially 

failing a fixed proportion of students and hence, stable failure rates.35,37,47,54,84 In contrast, 

the reliance of Wijnen method on reliability of assessments is based on the premise that 

performance of different cohorts on assessments is not comparable.37 In assessments with 

similar reliabilities, this challenge can be overcome and results from the method can be 

made comparable across the cohorts.143 Additionally, use of SEM for this method is based 

on the premise that assessments with low reliability will not unfairly disadvantage the 

students36,48 when the tests are comparable based on their reliabilities.143 The SEM is an 

additional index of reliability and is calculated using Cronbach’s alpha; the calculation of 

SEM is presented in the methodology chapter; Chapter 4 of this thesis. 

The underlying concept of procedural validity in the ability of Wijnen method to generate 

comparable cut scores in assessments with similar reliability, is clearly violated in the light 

of results presented in this study. The reliability statistics of the assessments with small 

number of items in this study is low and may not be an appropriate reflection of true 

reliability of these assessments.146,158 Therefore, in assessments with a small number of 

items that reduce the alpha invariably affecting the SEM; the method may not be accurate 
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in predicting the cut scores according to assessment difficulty. The reliance of this method 

on the assessment’s reliability rather than difficulty, questions the credibility of this method 

when the assessments are influenced by factors that influence the Cronbach’s alpha; 

discussed in the section on assessments in this chapter. Both the mean-derived methods 

essentially fail a fixed proportion of students and have demonstrated failure rates higher 

than 15%, reducing overall acceptability for both the methods.84 The findings of this study 

with respect to the two methods and their variations in failure rates for the Wijnen method 

are consistent with another study by Yousuf et al.54  Despite Cohen’s kappa of 0.82; 

agreement between the two methods, variation in failure rates for the Wijnen method were 

substantially larger compared to M-1SD method.54 This suggests that stability in failure 

rates from this method is highly improbable due to varying reliabilities on the assessments. 

The Cohen methods; C90 and C95, have given statistically different cut scores and failure 

rates despite similar results to the fixed criterion. The credibility of methods in generating 

consistent cut scores and failure rates is known to depend on two factors; the performance 

of 90th and 95th centile students and the multiplier for the method. The performance of top 

centile students with respect to the entire cohort is one of the most important underlying 

assumption of this method,35,39 as ability of the reference group (90th and 95th centiles) to 

be consistent in performance across the assessments is the basis of generating consistent 

cut scores, in addition to accurately predicting test difficulty; generating consistent failure 
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rates.35 The working of this method is discussed at length in the literature review and hence, 

only the results of this study are discussed here. 

The stability in cut scores and failure rates between the two methods are substantially 

different as seen in Figure 5 and Figure 6. This in part results from the difference in the 

multipliers used between the two methods. The use of a higher multiplier for C90 

compounded with lack of correction for guessing for C95, resulted in higher cut scores for 

the C90 method. The reason being that the difference in the two centile scores 90th and 95th 

was not substantially large. In assessments where the 95th centile was observed to have 

substantially higher scores also gave smaller cut scores for C95 method, clearly reflecting 

that lack of correction for guessing in calculation of the cut scores for this method masked 

the effects of student’s deviation from expected performance. This, however, has shown to 

give stable cut scores; leading to some questions regarding the observed  stability in results 

had the correction for guessing being applied. Other researchers have observed higher cut 

scores from C95 with the correction for guessing, than C90 with its 0.65 multiplier.84,159 

The correction for guessing has not been employed in this thesis as some assessments have 

been a combination of written items and objective types, with written type lacking the 

element of guessing.84 To avoid any inconsistencies in application of C95 method, 

removing the correction for guessing seemed appropriate. This issue was encountered in 

another study where the correction for guessing was applied only to the multiple-choice 
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component, while using the 95th percentile of the total point scores for the entire set of 

questions with a combination of objective and written items.159 Applying correction for 

guessing in the original Cohen method; C95, might have increased variations in both the 

cut scores and failure rates for this method. Several authors have argued the use of 

correction for guessing in both the Cohen methods. 84,86 Schoeman86 applied correction for 

guessing in the objective items with the 0.65 multiplier. The cut scores from the modified 

Cohen method were more consistent against a JSS method employed in his study. This 

suggests that using correction for guessing with both the Cohen methods will influence the 

stability of the results, more so for the C95 method, as the multiplier for that method is 

lower than C90 method. In such a case, performance scores of the two centiles would be 

the deciding factor in stability of the two methods. 

Taylor39 and Wright84 observed the 90th centile as a more stable indicator of student 

performance. A similar observation is been made in this study comparing the mean scores 

against 90th and 95th centile scores. The mean scores variations are more consistent with 

the 90th centile scores with highly similar ratios of mean to 90th centile scores across the 

twenty assessments. In several assessments the 95th centile scores were relatively higher 

than the 90th centile and mean scores, implying that 90th centile scores were more consistent 

in performance across the assessments and a good indicator of assessment difficulty. 

Additionally, the standard deviation of the mean to 95th centile ratio is larger (than mean to 
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90th centile ratio) suggesting that the performance of students at 95th centile scores was less 

consistent with the entire cohort. In other words, the 95th centile students were relatively 

better performers than the rest of the cohort and hence, were not accurate in predicting 

assessment difficulty. Despite the inference that the 90th centile scores are observed to be 

more consistent with the cohorts’ mean scores, in some assessments the 90th centile scores 

deviated substantially from the assessment mean; such as in examinations 5,6,8,11, 13, 16, 

17, 18 and 20. The ratio of the mean scores to the 90th centile scores is small in these 

assessments suggesting that the 90th centile scores are relatively larger than the mean 

scores, see Table 6 and Appendix-IV.  A ratio of one means no difference between the two 

scores, hence, smaller the ratio, greater the difference in the mean and centile scores. 

The failure rate of the C90 method is substantially high in the assessments described above, 

implying that the cut scores generated from the 90th centile scores may or not be accurately 

indicating assessment difficulty. To overcome this challenge of whether the student 

performance across the cohort is similar and hence, top centiles are accurately predicting 

assessment difficulty; Taylor39 and Wright84 proposed to calculate Cumulative Density 

Function (CDF) graphs for the student scores against their percentile scores on individual 

assessments. This additionally rules out the better performing students in the top centiles 

by observing their score distribution with respect to rest of the cohort in the form of 

deviation of the top centiles scores from the rest of the cohort. Wright also proposed a 
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statistical correction for such deviating percentile scores by projecting a straight line from 

the centile scores along the y-axis to a projected straight line from the cumulative 

distribution of the student scores where the deviation started. This effectively reduces the 

cut scores in such assessments where the top centile scores performance was substantially 

better than the rest of the cohort; resulting in lower estimation of assessment difficulty than 

warranted by the student performance.81,84 Calculation of CDF graph in such assessments 

where the assessment mean score to 90th centile score ratio was substantially smaller would 

have confirmed whether the performance of the top centiles was better or whether a few 

low scores within an assessment were resulting in a false impression of relatively better 

performance by higher centile students. Though, CDF graphs are not calculated for the 

assessments in this thesis, the large variations in the failure rate for this method affecting 

the stability of this method, are resulting from the above assessment and hence, credibility 

of its cut scores. 

It is important to note that the multiplier for C90 is required to be calculated locally.39 The 

use of this multiplier without supporting evidence for criterion-referencing, decreases 

credibility of the method in generating appropriate cut scores.84 The multiplier has been 

calculated to criterion-reference the cut scores against Angoff method, using the JSS 

methods in assessments employed in the study by Taylor.39 Adopting Angoff or any other 

JSS method to calculate the multiplier frequently may have low feasibility, although this 
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challenge has been addressed in one study by using a range of multipliers; 0.65, 0.7 and 

0.75 for the C90 method.159 The appropriateness of the multiplier was associated with 

reduced variation in failure rates for the Cohen methods. The variation decreased with the 

multiplier below 0.75, although, at the expense of reducing the cut scores and failure rates 

for the method.159 

In the results of this thesis, the two Cohen methods; C90 and C95, have shown stability in 

cut scores and failure rates across the assessments, although, the 90th centile scores seemed 

more consistent with the mean scores. Employing correction for guessing in both the 

methods would have influenced the stability of the methods. In C95, the correction for 

guessing would likely increase the cut scores with resulting increase in failure rate that 

would invariably increase variations in the results for this method. This has been observed 

in one study where the variation in failure rates decreased with the lowering of the cut 

scores and vice versa.159 

The evidence of procedural validity for both the methods; C90 and C95 is moderate to low, 

as already discussed in their choice of multiplier and performance of the students. Although 

flexibility in adoption of the multiplier is one of the major advantages of this method,74,86 

it has to be explicitly defined through appropriate reasoning for its choice, as done so by 

Schoeman.86 The multiplier in the PhD thesis by Schoeman had been selected as 0.65 with 

correction for guessing on the premise that correction for guessing eliminates the random 
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guessing in a high-stakes national certification examination while simultaneously making 

the cut scores comparable to the Angoff method, against which the Cohen method was 

compared.86 Such reasoning defining the selection for the multiplier improves the evidence 

of procedural validity for this method. 

6.3.1 CREDIBILITY 

In evaluation of the methods on quality measure criterion of credibility, almost all the 

methods have demonstrated some degrees of moderate credibility, with the exception of 

Wijnen method. The fixed criterion and M-1SD methods, although having satisfied one or 

both of the criteria of credibility also have substantial intrinsic shortcomings. The fixed 

criterion is at constant threat from assessments’ changing difficulties.81 The M-1SD method 

will always give large variations in cut scores, as statistically it must. The magnitude of 

failure rates will vary with the type of distribution of scores, thus, threatening the credibility 

in failing the students that are significantly below the rest.35,37 

The credibility of C95 is moderate to high due to high similarity in cut scores and results 

with two different methods and high stability in cut scores and failures. Although, the 

discussion on its multiplier and performance of students at 95th centile gives reason to 

believe that these results are more from chance and if correction for guessing is applied, 

the stability of failure rates would be similar to that of C90 method. 
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Regardless of the arguments pertaining to the multiplier and student performance for both 

the Cohen methods, there is some evidence that failure rates between the two methods are 

similar, if not statistically significant. The two methods have given stable cut scores and 

failure rates across the assessments and once the criticism of these methods addressed 

above is accounted for, the confidence in credibility of these methods will improve. 

The Cohen methods have been increasingly studied not only in written assessments but also 

in performance assessments, such as OSCEs.48,74,160 The method is shown to give more 

lenient cut scores than the corresponding relative methods48,54,74,160 and more stable and 

smaller number of failure rates than the corresponding fixed criterion.35,39,84,86,159 The 

results from this method do not always have highest convergence with other methods85. In 

a study looking at several statistical standard setting methods the cut scores from Cohen 

methods were least similar to rest of the methods including several variations of mean-

derived methods, including Wijnen, Borderline method and variants of cluster analysis and 

JSS method; Angoff.54 Although, the credibility evidence for a method based on similarity 

with different methods is a weak one. A more appropriate evaluation of this method would 

have been to use Item Response Theory to establish and compare student ability estimates 

across the cohorts, provided there is some linkage between exams used in different 

cohorts.39,85 
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6.3.2 ACCEPTABILITY 

The criterion of acceptability is evaluated through procedural validity and acceptability of 

failure rates, although it is dependent on a number of subjective judgments, such as the 

research evidence for the methods, et cetera. The procedural validity has been discussed 

with in the methods themselves, as they relate to the theoretical underpinning of the 

methods. 

The choice of failure rate is a subjective measure that depends on the policies of an 

institute.38,54,86 It may depend upon the stakes of examinations, such as for specialist 

credentialing examinations the choice of failure rates may be substantially higher than for 

an undergraduate/post graduate medical program. 111 It may also depend upon the purpose 

of the assessment. An assessment of mastery assessing student performance against a fixed 

criterion will have low failure rates as compared to norm-referenced assessments 

comparing performance of different candidates.21 In one study, the failure rate of more than 

15% was explicitly noted and has been regarded as unacceptable for medical students with 

stringent entry criteria in medical programs.84 Although, 26% of the assessments in that 

study gave failure rates above 15% for the fixed criterion, in this current study, the C90 and 

C95 gave 4.7% and 5.5%, respectively, suggests an overall high failure rate for the fixed 

criterion. 
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The failure rates in this study are substantially low for all the methods as compared to some 

observed in other studies.35,39,82,84,87 The failure rates for the mean derived methods are 

expected given their mathematical calculation and normal distribution of scores in most of 

the assessments.36 The mean-derived methods are cited to give low failure rates in literature 

in contrast to the highest failure rates observed in this study.35,39,82,84,87,143 The failure rates 

from the fixed criterion in this study are much lower than the mean-derived methods, 

perhaps pertaining to a cut score of fifty percent which is low for a high performing cohort 

with an overall high mean scores across the assessments. On the contrary, literature reports 

larger failure rates even with the use of fifty percent and higher fixed cut 

scores.35,39,48,82,84,87,143 An argument on better performing students or easier assessments can 

be made for this observation, though, in the absence of comparison between the cohorts or 

assessments; such an argument is unproven. A more valid argument would be to understand 

the purpose of standard setting with respect to the assessments. The failure rates from all 

three of the five methods is less than 15% criterion of ‘subjective’ acceptability, therefore, 

the more important question should be; how much of the failure rate is enough!! 

In assessments of mastery, where the decisions are required on medical qualification and 

fitness to practice, the assessments must be designed with respect to key issues including 

blueprinting, validity, reliability, and standard setting, as well as clarity on their formative 

or summative functions.161 The goal of assessments in medical education remains the 
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development of reliable measurements of student performance which has both a predictive 

value for subsequent competence and an educational role.161 When assessments serve to 

assess variety of integrated knowledge in multiple disciplines, the most basic conceptual 

knowledge will need to be assessed.138,162 That would make an assessment considerably 

easier if the cohort is of high competence138 and would reflect as high mean scores and 

potentially small failure rates for any method of standard setting, ruling out very few of 

those that could not master the basics of the knowledge in subjects. Simultaneously 

acceptability of failure rates (of less than 15%) should not restrict the necessity to fail 

incompetent students. The standard setting in this thesis has been applied only on written 

assessments, although, competence of students in the medical school at UWA is assessed 

on a variety of assessments, including OSCEs and e-portfolios which forms an integral part 

in the decisions of pass/fail for the students. The decision of pass/fail is holistic, based on 

all these markers of competence.106 

The choice of standard setting methods by an institution also depends upon other factors 

such as faculty expertise, resources, number of students, and university policies. 54 The 

choice of acceptability of failure rate of less than 15% in this study, despite being 

subjective, is based on opinions of experienced professors, educators and assessors. They 

are part of the medical school and education faculty with high understanding of the 

curriculum, clinical applications and substantial involvement with medical students and 
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graduates. The supervisors along with the author forms a diverse cultural, educational and 

occupational background that allows substantial understanding of the impact of this 

decision. As already established, standard setting is a judgmental process regardless of the 

use of panels of expert judges, as in this case judgment on acceptability of failure rates.  

The quality measure of acceptability is a combination of several other subjective measures 

including research evidence available for a method.92,106,110 It is through the research that 

evidence for improvement in standard setting methods is continuously brought to light. A 

method with an elaborate research evidence will eventually be applied in a more defensible 

manner.106 The methods applied in this thesis are as old as the history of standard setting 

itself, with the expectation of Cohen method(s). The evidence in this research regarding the 

method corroborates with the evidence of credibility and acceptability from the literature. 

The Cohen methods being devised ten years back are fairly recent, although they are being 

used and researched rapidly.35,39,54,74,85,86,143,159 This research adds to the existing evidence 

on these methods for their more robust application. 

6.3.3 CRITERION-REFERENCED METHOD 

The fixed criterion is the only method that gives absolute cut scores, although, the Cohen 

methods can be argued to give mixed cut scores,74,84,143 the element of referencing with the 

high performing students will never set performance standards based solely on competence 
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of individual students.85,106,163 Evaluating the relative methods on this quality measure 

criterion, Cohen method(s) can be deemed superior to the mean-derived, as despite having 

a norm-referencing element to their standard setting, the methods anchor to cut scores to 

an external criterion that if satisfied for every student is capable of giving zero failures, as 

observed for numerous examinations in this thesis and other studies.84 The mean-derived 

methods on the other hand are bound to fail a fixed percentage of students that not only 

affect the acceptability of this method but also the fairness of this method in failing those 

students that may deserve to pass.106 

6.3.4 FEASIBILITY AND SUSTAINABILITY 

All the methods rated high on feasibility, although it remains a big challenge to defend a 

method based on feasibility and degree of acceptable failure rates alone.106 Regardless, 

feasibility and limitation of resources remain an under-researched area in all standard 

setting studies. Until recently, only few studies have actually assessed feasibility in terms 

of time and resources required and feedback from the faculty and standard setters.164 Most 

of the reviews on standard setting methods are directed at credentialing bodies, and yet, 

despite availability of resources for licensure bodies the topic of conducting a meticulous 

standard setting exercise is still discussed with fervour. Feasibility in conducting standard 

setting exercise takes precedence over every other aspect of standard setting. 16,106 
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As discussed throughout this thesis, feasibility has been one of the major driving forces 

behind the changing standard setting policies of the university. The choice of fixed criterion 

is highly feasible, although, other measures of quality needed to be assessed along with 

other chosen methods. The criterion of substantiality could not be assessed on these results 

due to several logistical issues, such as gathering of consensus of stakeholders for the 

historical assessments. This study provides a conclusive evidence on application of various 

non-judgmental standard setting methods on integrated assessments, that can be utilised in 

the future. 

6.4 CONCLUSION 

The integrated assessments used in this study belong to multiple disciplines, varying in 

degrees of difficulty and discrimination ability of the students. This is observable in 

variable mean scores and large standard deviations on individual assessments. The relative 

performance of students within a cohort is similar across the assessments bar a few 

exceptions where the top centile scores are of higher abilities than the rest of the cohort. 

The 90th centile is a better reflection of cohort’s performance and assessment difficulty. The 

95th centile scores are consistent with the mean scores within an assessment, although, to a 

lesser degree than the 90th centile scores, maybe attributed to a smaller number of students 
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in this centile. The reliability of some assessments is small due to small number of items 

within the assessments. 

The methods with highest to lowest cut scores are Wijnen, M-1SD, C90, fixed criterion and 

C95. The mean-derived methods are identical in cut scores and the fixed criterion is 

statistically similar to both the Cohen methods. The two Cohen methods are statistically 

different. The failure rate for these methods follow the same order and statistical 

significance. The statistically similar results of the fixed criterion with the Cohen methods 

suggests that the assessments within the study are designed to pass students at the fifty 

percent criterion, yet the method fails to account for assessments with high difficulties, 

resulting in large failure rates. The identical results for the two mean-derived methods are 

observed due to median of the reliability coefficient lying at 0.76. The Wijnen method gives 

large failure rate variations due to its inherent dependence on reliability index of the 

assessments. The Cohen methods are significantly different with the C95 method giving 

more precise cut scores and failure rates despite the relatively variable performance of 

students at 95th centile across the assessments. This is attributed to lack of correction for 

guessing in the C95 method that resulted in lower cut scores and failure rates than the C90 

method, resulting in lesser variation for the method. In evaluation of the methods on quality 

measure criterion of credibility, almost all the methods have demonstrated some degrees of 

moderate credibility, with the exception of Wijnen method. 
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The criterion of acceptability is evaluated through procedural validity and acceptability of 

failure rates for the methods which is highly dependent on variety of subjective measures, 

such as, the purpose of the assessments and policy of an institution. The assessments are 

designed to assess mastery in biomedical science subjects that require basic knowledge and 

translates to low failure rates in medical students with high abilities. The acceptability of 

failure rates in this study is taken as less than 15% and is observed to be low across all the 

methods. The mean derived methods give mean failure rates of 16%, whereas, failure rate 

for rest of the methods is much lower. With the exception of the fixed criterion, all the other 

methods of standard setting in this study are norm-referenced and all the methods rate high 

on feasibility.
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Chapter 7 Conclusion 

7.1 INTRODUCTION 

In the previous chapter, results of the thesis have been discussed in light of the evidence 

from the literature. The discussion leads to the research conclusion that has been addressed 

in this chapter. The thesis is summarised along with the strengths and limitations of this 

study and concludes with the direction for future research. 

The Doctor of Medicine program at the University of Western Australia is run as a four-

years integrated curriculum program with the assessments integrated across multiple 

disciplines to align with the curriculum. The choice of standard setting before the 

introduction of integrated assessments had been a modified Angoff method that utilised a 

panel of judges to set the cut scores. The introduction of integrated assessments in 2014, 

has brought to light the issues of feasibility in gathering of judges in a short-time frame, 

compounded with the challenge of standard setting in assessments that defy the boundaries 

of specific disciplines. This has resulted in changing standard setting policies over the years 

until in 2018, the policy of fifty percent pass was introduced. The demands of standard 

setting with the changing assessment strategies has identified the need for an effective non-

judgmental standard setting method that can be applied to integrated assessments when a 
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judgmental standard setting (JSS) method is infeasible in application with respect to local 

context. The literature search has been conducted to identify all the non-judgmental 

standard setting (NJSS) methods that are applied in the health professions literature and 

quality measures criteria have been identified that assess the utility of methods as being 

most effective for standard setting. The results from the literature search for the NJSS 

methods applied in written assessments with an evaluation tool for assessing quality 

measures of the methods has been presented in the third chapter of this thesis.  

The results and discussion on five of the eight NJSS methods selected for application on 

the twenty historical assessment data from 2014 till 2018 is presented in this section. The 

overview of the discussion on the NJSS methods evaluation has been presented in the 

conclusion of the last chapter. For the ease of reference to the research conclusion, the 

research question is reiterated below followed by the research conclusion; 

Which non-judgmental standard setting method is most effective for integrated written 

assessments in a medical program? 

7.2 ANSWER TO THE RESEARCH QUESTION 

The evaluation of the five NJSS methods; fixed criterion (50%), Wijnen method, M-1SD 

method, Cohen 90 method and Cohen 95 method, on the quality measures criteria for the 

standard setting methods reveals that the mean derived methods; Wijnen and M-1SD, do 
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not rate high on any of the criteria of quality measures and hence, are not effective for use 

in integrated assessments. The fixed criterion, C90 and C95 satisfies all the criteria of 

quality measures from moderate to high. They rate slightly differently from one another 

based on their credibility and acceptability, although, there is significant similarity in the 

two methods on their cut scores and failure rates. It is evident that the methods give similar 

results on these assessments as a function of their difficulty that renders fifty percent pass. 

The assessments have been constructed based on the concept of assessing mastery of 

knowledge in integrated application of various disciplines belonging to previous four years 

when the fifty percent pass policy was not in use, implying that the assessments are 

independent of this policy. The acceptability of these methods is moderate to high with 

high transparency and failure rates below the 15%. The cut scores for the methods are 

absolute for the fixed criterion, although the Cohen methods give a compromised result 

resulting from anchoring of the cut scores with an external criterion that ensures zero failure 

rates if the criterion is satisfied. The feasibility of all these methods is high. 

The discussion on the evaluation of these methods on the quality measure criteria reveals 

that the fixed criterion can be used on these assessments, although it should be checked 

regularly with either of the Cohen methods to counter the varying assessment difficulty. 

Although, both the Cohen methods require important considerations pertaining to their 

procedural validity that indirectly impacts their credibility, the results in this study indicate 
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that the 90th centile scores are more consistent with the rest of the cohort. Therefore, the 

C90 method is a better and more stable indicator of assessment difficulty despite slightly 

lower stability than the C95 method in this study. The discussion on credibility of the C95 

method reveals that the use of correction for guessing on the assessments is a credible 

approach that may, however, decrease the stability of the methods. 

Alternately, this policy can be entirely let go in favour of the Cohen methods, although, the 

evidence in this thesis suggests a more comprehensive approach in application of these 

methods that includes statistical plotting of centile performance scores against the percent 

scores; CDF graphs. The CDF graphs will ensure that the performance of top centile 

students across the cohort is consistent for the individual assessments.84 The feasibility in 

application of these methods should not be influenced by the use of CDF as with some 

training, the graphs are easy to produce and interpret on any software including Microsoft 

Excel software.84 

7.3 STRENGTHS AND LIMITATIONS 

The assessment data in this study is historical, limiting the study design to a historical cross-

sectional study with little choice and flexibility in ensuring comparable difficulty across 

the assessments. A prospective study with common items used across the assessments 

would have allowed for direct comparison of different cohorts across similar assessments. 
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Additionally, reproducibility of these methods could also be assessed using comparable 

assessments. The methods that give similar cut scores or results on assessments of similar 

difficulty are reliable in generating cut scores.85 Although, reproducibility of the methods 

could not be assessed directly, it has been countered by assessing stability of methods 

across the assessments. The criterion of stability ensured that despite varying difficulty the 

ability of methods to vary with assessment difficulty could be evaluated according to their 

ability to generate stable cut scores and failure rates.35,67,84,159 The evaluation of stability of 

methods is a highly practical criterion as application of methods on real assessments do not 

always allow for making the assessments comparable across different cohorts. 

Alternately, one or two parameter models of IRT could have been used to analyse the 

student abilities against item difficulty (and/or discrimination ability) within the 

assessments allowing for evaluation of student performance on the assessments. The 

methods in this thesis are dependent on the student performance scores and such an 

approach would have allowed for establishing relationship between student abilities and 

assessment difficulty with cut scores from these methods.85,138,165 

The reliability of some of the assessments in this study is known to be low, explained 

through the function of number and internal consistency of items on an assessment.155 A 

post-examination factor analysis of such assessments would have revealed the overall 

correlation of items on assessments and confirmed the proposed reason for low reliability 
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for those assessments.153 The reliability of the assessments could be evaluated through the 

degree of factor loading of the items on the assessments. Factors are the latent traits being 

assessed and factor loading is the relationship of number of items with the factors within 

an assessment. In assessments with high factor loading the reason for low reliability lies 

external to the internal consistency of the assessments. The application of such a technique 

would have required extensive statistical training that could not be achieved. The 

observation of low reliabilities only on the assessments with small number of items strongly 

suggested its reliance on number of items as the cause.146,147,153,166 

One of the major limitations of this study is lack of external validation for the methods. 

The cut scores from the NJSS methods could be validated against a JSS method, to see if 

there are any observed differences in the cut scores. Any standard setting method in that 

case will be more defensible and acceptable to the stakeholders.86 The application of a JSS 

method on a large number of assessments was deemed highly improbable as historical 

assessment data is used. 

Alternately, an external reference group could have been employed for validation of the 

results from different methods. The selection of an external reference group for a mixed 

cohort at varying levels on academic years in the assessments posed a logistical problem. 

The selection of the external reference group would have required to take the assessments 

utilised in this study requiring substantial amount of time and resources. Identification of a 



 

171 

 

 

representative reference group would have been difficult and logistically impossible in the 

current study setting. External reference groups have been previously used in several 

licensure and certification examinations in the past.113,117,163 They are extensively employed 

in the assessments assessing clinical uncertainty; Script Concordance Tests, where the 

practicing health professionals are the best external reference for the clinical scenario and 

where more than one approach to a clinical problem be deemed correct.40,167-171 

The research on the standard setting methods in this thesis is based on written assessments 

exclusively for the purpose of identifying the most effective standard setting method on 

integrated assessments. The performance assessments are not integrated and though, most 

of the studies use only one type of assessments, either knowledge-based or competence 

based, some have attempted using both.54,67,68,74,84,86 Based on the research evidence from 

the studies in the literature and calculation of NJSS methods in this thesis, the results of 

this study can be generalised to performance assessments such as, OSCE in the medical 

school. 

The strengths of this study include utilisation of real-time assessments in the format 

employed in the medical school. This includes combination of various types of assessments 

such as, SAQs and MCQs within a single assessment.159 Additionally, a sufficiently large 

data set of twenty assessments has been used in the study which is rare in standard setting 

literature and allows a realistic approach towards the selection, application and 
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understanding of the variety of non-judgmental methods. The study adds to the growing 

research evidence on Cohen methods with respect to the importance and evaluation of 

student performance in individual assessments for their credible application. 

The study has identified a variety of NJSS methods that are used in written assessments in 

the health professions education literature and forms one of the few studies to have 

undertaken such a comprehensive approach. Additionally, the identified NJSS methods 

have been evaluated on the quality measures criteria for standard setting methods. The 

evaluation tool for the quality measures has been identified in the literature based on the 

evidence of how the methods were evaluated by different researchers. Although, the 

literature exists on different ways to evaluate standard setting methods, there is little to no 

evidence of compilation of various research parameters into quality measures that has been 

employed in this thesis. This study has identified several different parameters of 

credibility/acceptability that have not been attempted in the past to the knowledge of the 

author and may aid future researchers in furthering the evidence on standard setting in 

medical education. 

7.4 FUTURE DIRECTIONS 

Most of the limitations of this study can be addressed by a prospective study design. Future 

research on using the same methods with prospective study design will establish 
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comparison of assessments and will allow for better understanding of these methods. Use 

of an alternative psychometric theory such as IRT as stated earlier, can provide important 

insight into the workings of the norm-referenced methods of standard setting through 

evaluation of student abilities on the assessments.85,138 The NJSS methods that have been 

identified but could not be utilised, can be researched further when the study design and 

local resources permit as every method of standard setting has utility, provided the local 

context permits their use. Lastly, this thesis has utilised existing methods and assessed their 

utility based on quality measures, providing a holistic understanding of the practical 

applications of standard setting methods in integrated assessments that are being used more 

frequently in medical education. 

7.5 EPILOGUE 

Standard setting in medical education is in an evolutionary stage. Regardless of how 

standards are set, it is important that the results are realistic and have reasonable 

relationships with other markers of competence, such as, performance in practice, and are 

acceptable to the stakeholders. The assessments should assess required competence and 

should be based on several review processes by the experts. Developing test items by 

subject experts and vetted by multi-disciplinary faculty may ensure the reliability of the 

tests as well as the standards. 
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Appendix-II 

Repeated measures ANOVA of cut scores of the methods followed by pairwise comparison 

of the mean cut scores using Bonferroni adjustment. 

Source of variation Sum of Squares DF Mean Square F P 

Factor Sphericity assumed 
Greenhouse-Geisser 
Huynh-Feldt 

2202.791 
2202.791 
2202.791 

4 
1.345 
1.411 

550.698 
1637.406 
1561.465 

76.45 
76.45 
76.45 

<0.001 
 
<0.001 
 
<0.001 

Pairwise comparisons 

Factors Mean difference 
Std. Err

or P a 95% CI a 

FIFTY - WIJNEN -9.886 1.332 <0.0001 -14.113 to -5.659 

  - M-1SD -9.887 1.374 <0.0001 -14.246 to -5.528 

  - C90 -2.069 0.869 0.2782 -4.826 to 0.688 

  - C95 0.627 0.774 1.0000 -1.831 to 3.084 

WIJNEN - FIFTY 9.886 1.332 <0.0001 5.659 to 14.113 

  - M-1SD -0.001000 0.366 1.0000 -1.161 to 1.159 

  - C90 7.817 0.663 <0.0001 5.711 to 9.923 

  - C95 10.513 0.735 <0.0001 8.180 to 12.845 

M-1SD - FIFTY 9.887 1.374 <0.0001 5.528 to 14.246 

  - WIJNEN 0.001000 0.366 1.0000 -1.159 to 1.161 

  - C90 7.818 0.687 <0.0001 5.638 to 9.998 

  - C95 10.514 0.761 <0.0001 8.100 to 12.927 

C90 - FIFTY 2.069 0.869 0.2782 -0.688 to 4.826 

  - WIJNEN -7.817 0.663 <0.0001 -9.923 to -5.711 

  - M-1SD -7.818 0.687 <0.0001 -9.998 to -5.638 

  - C95 2.695 0.155 <0.0001 2.204 to 3.187 

C95 - FIFTY -0.627 0.774 1.0000 -3.084 to 1.831 

  - WIJNEN -10.513 0.735 <0.0001 -12.845 to -8.180 

  - M-1SD -10.514 0.761 <0.0001 -12.927 to -8.100 

  - C90 -2.695 0.155 <0.0001 -3.187 to -2.204 
 a Bonferroni corrected 
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Appendix-III 

Repeated measures ANOVA of failure rates followed by the pairwise comparison of mean 

failure rate of methods using Bonferroni adjustment. 

Source of variation Sum of Squares DF Mean Square F P 

Factor Sphericity assumed 
Greenhouse-Geisser 
Huynh-Feldt 

4052.932 
4052.932 
4052.932 

4 
2.842 
3.394 

1013.233 
1426.214 
1194.283 

159.54 
159.54 
159.54 

<0.001 
 
<0.001 
 
<0.001 

Pairwise comparisons 

Factors Mean difference Std. Error P a 95% CI a 

FR50 - FRWIJ -12.362 1.036 <0.0001 -15.648 to -9.075 

  - FRSD -12.716 0.878 <0.0001 -15.502 to -9.931 

  - FRC90 -0.506 0.834 1.0000 -3.153 to 2.140 

  - FRC95 1.628 0.758 0.4481 -0.777 to 4.034 

FRWIJ - FR50 12.362 1.036 <0.0001 9.075 to 15.648 

  - FRSD -0.355 0.774 1.0000 -2.812 to 2.102 

  - FRC90 11.855 0.928 <0.0001 8.909 to 14.801 

  - FRC95 13.990 0.861 <0.0001 11.259 to 16.721 

FRSD - FR50 12.716 0.878 <0.0001 9.931 to 15.502 

  - FRWIJ 0.355 0.774 1.0000 -2.102 to 2.812 

  - FRC90 12.210 0.755 <0.0001 9.813 to 14.607 

  - FRC95 14.345 0.612 <0.0001 12.402 to 16.288 

FRC90 - FR50 0.506 0.834 1.0000 -2.140 to 3.153 

  - FRWIJ -11.855 0.928 <0.0001 -14.801 to -8.909 

  - FRSD -12.210 0.755 <0.0001 -14.607 to -9.813 

  - FRC95 2.135 0.302 <0.0001 1.175 to 3.095 

FRC95 - FR50 -1.628 0.758 0.4481 -4.034 to 0.777 

  - FRWIJ -13.990 0.861 <0.0001 -16.721 to -11.259 

  - FRSD -14.345 0.612 <0.0001 -16.288 to -12.402 

  - FRC90 -2.135 0.302 <0.0001 -3.095 to -1.175 

 a Bonferroni corrected
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Appendix-IV 

The table depicting the ratio of mean scores and 90th and 95th centile scores.  

Examinations 
Mean 

Scores 
Centile 

scores 90th 
Centile 

scores 95th 

Ratio 
centiles 
90th /95th 

Ratio 
mean/90th 

Ratio 
mean/95th 

1 76.9 84.69 87.25 0.970 0.908 0.881 

2 68.35 80.31 82.94 0.968 0.851 0.824 

3 76.41 84.87 87.52 0.969 0.900 0.873 

4 62.41 72.5 74.17 0.977 0.860 0.841 

5 60.72 73.08 75 0.974 0.830 0.809 

6 67.1 81 83 0.975 0.828 0.808 

7 75.11 86.87 87.5 0.992 0.864 0.858 

8 72.54 86 88 0.977 0.843 0.824 

9 64.09 75.18 77 0.976 0.852 0.832 

10 70.05 79.63 82.5 0.965 0.879 0.849 

11 62.86 75 78 0.961 0.838 0.805 

12 73.8 85 87 0.977 0.868 0.848 

13 76.7 88.89 91.67 0.969 0.862 0.836 

14 75.11 86.88 87.5 0.992 0.864 0.858 

15 73.1 82.76 84.48 0.979 0.883 0.865 

16 59.01 68.75 70.78 0.971 0.858 0.833 

17 65.41 78.65 82.43 0.954 0.831 0.793 

18 62.69 74 78 0.948 0.847 0.803 

19 73.52 85 85.75 0.991 0.864 0.857 

20 60.72 73.08 75 0.9744 0.830 0.809 

Mean 68.83 80.11 82.27 0.973 0.858 0.835 

SD 6.17 5.98 5.79 0.011 0.022 0.025 

 




